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Ethics in the Aviation Industry – Flying Off Course 

Abstract 
Truth decay and compromised ethical behavior can be observed when looking back into the history of the aviation industry. The author 
has presented since 2012 about related questionable views and behavior. In this presentation he compiles the "best" of his slides into one 
lecture that tries to give an overview of the problem at hand. Commercial aviation provides one of the strongest examples of Jevons 
Paradox, nevertheless the aviation industry keeps praising efficiency gains as the way to safe fuel and emissions on a global scale. 
Questionable goal setting with respect to aviation emissions started as early as 2000. Inside the aircraft another problem exists: 
contaminated aircraft cabin air. Here, the aviation industry rather fights claims of victims in court instead of working on a technical solution. The 
idea of massive use of air taxies is as old as 1899, but has still not come. Eventually it will most probably be a polluting means of 
transportation for the super-rich. Battery electric aviation has a clear range limit. Proposals that deny this fact are green washing. Grid-
connected electric mobility operates successfully on tracks e.g. as high-speed trains. Claims for a large number of propellers may have 
been made without looking at certification rules and geometry. The year 2020 came. Those waiting to see a difference in aviation 
(massive CO2-compensation by the industry) to fulfill at last aviation's goal setting promise of Carbon Neutral Growth (CNG) saw – nothing. 
However, the Corona pandemic came after two month into the year 2020. Most aircraft rested on the ground. Subsequently, passengers saw 
more legends than truth about cabin ventilation. The legends were distributed by the aviation industry in an effort to retain at least a minimum 
of revenues. IATA turned out to be the biggest liar among all. Airbus chief engineer Jean-Brice Dumont was given the new title "guru" and 
explained cabin ventilation on Facebook. Emirates presented two highly protected technicians mounting a new and clean HEPA filter on an 
A380. Still in the same year the next legend was presented by Airbus: Aircraft burning hydrogen in jet engines would produce "zero emissions". 
In contrast to science, this would mean no NOx and no contrails. After the pandemic, industry could not wait to see air traffic reaching again 
2019 levels and old growth figures. It was still not understood that instead a reduction in air traffic would be necessary to reach proclaimed 
goals. It was also not understood that regenerative energy would need to be used first to substitute coal power plants and that massive aviation 
regenerative electricity demands for LH2 and SAF had no chance to be addressed by society. Aviation would need to produce its green 
energy itself. Time scales slipped or turned out to have been lies in the first place. 2021 was the year to look back at the "money burning" 
A380 project. This reminded us that Airbus lied already 20 years ago when demanding a runway extension in Hamburg-Finkenwerder for 
the A380. The extension was not necessary, but was built (from public money) anyway and against much protest from local population and 
their precise engineering/aviation arguments. Aviation ethics can be summed up under: "G^4", which stands for "Continuous Growth to 
increase Gain to satisfy shareholders expectations can lead to Greed and to an ever more ruthless industry behavior accumulating Guilt in 
the end." Some aviation organizations seem not to be willing to abide by the law, even if enforced and with consequences leading to the end of 
company existence. Boeing gambled with saving a second angel-of-attack sensor on the B737 MAX, resulting in two crashes and 346 people 
dying. Airbus paid 3.6 Billion Euro penalty due to bribery. The aviation industry is far from abidance by the law and even further away from 
taking up the code of a respectable / honorable businessman. The list of unethical issues in the aviation industry is long. 
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"This report assessed every public 
climate target which the international 
aviation industry set itself since 2000. 
 
We found that all but one of over 50 
separate climate targets has either been 
missed, abandoned or simply forgotten 
about. 
 
Overall, the industry’s attempts to 
regulate its emissions and set its own 
targets suffered from a combination of 
unclear definitions, shifting goalposts, 
inconsistent reporting, a complete lack of 
public accountability and, in some cases, 
[goals] being quietly dropped altogether." 
 
URL: https://www.wearepossible.org/our-reports-1/missed-target-a-brief-history-of-aviation-climate-targets 

 
Archived: https://perma.cc/4SYC-UL93 

https://www.wearepossible.org/our-reports-1/missed-target-a-brief-history-of-aviation-climate-targets
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Introduction

Definition: Eco-efficiency (Ökoeffizienz)
Eco-efficiency is based on the concept of creating more goods and services while using fewer
resources and creating less waste and pollution.
World Business Council for Sustainable Development (WBCSD): "Changing Course“, 1992

The term has become synonymous with a management philosophy geared towards sustainability.

The eco-efficiency strategy has the following characteristics:
• Technological innovation the main solution  
• Business as the principal actor of transformation
• Trust in markets (if they are functioning well)
• “cradle-to-cradle” (essentially waste free) growth is conducive.
Boulanger, P.M. (2010) “Three strategies for sustainable consumption”. S.A.P.I.EN.S. 3 (2)
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Definition: Sustainability (Nachhaltigkeit)
A sustainable development is a development that meets the needs of the
present without compromising the ability of future generations to meet their own needs.
United Nations General Assembly: "Report of the World Commission on Environment and Development: Our Common Future;
Transmitted to the General Assembly as an Annex to document A/42/427 – Development and International Co-operation: Environment;
Our Common Future, Chapter 2: Towards Sustainable Development; Paragraph 1“. March 20, 1987. - http://www.un-documents.net/ocf-02.htm

Since the 1980s sustainability has been used especially in the sense of human sustainability
on planet earth. 

Translation: off course = vom Kurs abgewichen

Introduction
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Airbus develops eco-efficient solutions at every stage of the aircraft life-cycle: 
• Optimized performance by design 
• Dissemination of best environment practices within the supply chain
• Greener manufacturing processes 
• Supporting efficient aircraft operations 
• Recycling and re-use at end-of-life 

In addition, the company assumes a leading role in improving the overall air transport 
system by
• contributing to the modernization of Air Traffic Management (ATM) and  
• promoting low-emission alternative fuels.

Introduction
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Introduction
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Introduction

some
have
a different
view …
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Growth and Goals for Innovation

Fig.: Growth of Transport Capacity and Fuel Consumption at Lufthansa

Lufthansa: Balance – Das wichtigste zum Thema Nachhaltigkeit im Lufthansakonzert. 2011
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Growth and Goals for Innovation

An Old IATA Goal for the Reduction of Fuel Burn or CO2
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Growth and Goals for Innovation

Fuel Efficiency Improvements of Transport Aircraft Compared with ACARE Goals

Vision 2020 Flightpath 2050
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Growth and Goals for Innovation

ACARE Goals Progress Evaluation (AGAPE) Public Summary

Romain Muller: ACARE Goals Progress Evaluation. AeroSpace and Defence Industries Association of Europe,2010

…

Not all ACARE goals from Vision 2020 will be met. This has no consequence, 
because the goal post has shifted to 2050 with the new Flight Path 2050. 
Therefore the Vision 2020 is no longer needed.
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Growth and Goals for Innovation

Making up for what is Missing: Introducing Compensation Schemes

IATA (and ATAG) want to achieve zero emission growth from 2020 onwards. This is
only possible with carbon offset schemes.

www.iata.org (12-09-10)

There is no real reason to 
start with compensation in 
2020. Compensation 
could as well start today. 
If the level of CO2 
concentration in the 
atmosphere is not 
considered high enough 
jet, it may not warrant to 
start with compensation 
now.



German Aerospace Congress
Berlin, 10.-12.09.2012

Dieter Scholz
Eco-Efficiency in Aviation - Flying Off Course?

11.09.2012, Slide 28
Aero - Aircraft Design and Systems Group

1. Bust of the American whale oil industry. 1859, Edwin Drake struck oil at Titusville, 
Pennsylvania. In a few days, Drake extracted as many barrels of oil as a whaling 
ship could gather on a four-year voyage.

2. British excessive coal usage after the invention of the efficient steam engine by 
James Watt. William Jevson analyses the mechanism.

Learning from History Looking into the Future

Learning from History
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de.wikipedia.org
(12-09-10)

Learning from History Looking into the Future

Jevons Paradox: Why Fuel Can Not Be Saved from Efficiency Increase

William Jevons 
around 1885
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Technological progress that increases the efficiency with which a 
resource is used tends to increase (rather than decrease) 
the rate of consumption of that resource.

Increased energy efficiency tends to increase energy 
consumption by two means:

1. Increased energy efficiency makes the use of energy
relatively cheaper, thus encouraging increased use (the
direct rebound effect).

2. Increased energy efficiency leads to increased economic
growth, which pulls up energy use for the whole economy
(indirect rebound effect).

To ensure that efficiency enhancing technological improvements 
reduce fuel use, efficiency gains must be paired with 
government intervention that reduces demand (e.g., green 
taxes, a cap and trade program, or higher fuel taxes.

William Jevons 
around 1885

Learning from History Looking into the Future

Jevons Paradox: Why Fuel Can Not Be Saved from Efficiency Increase
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E => CO2 : Burning Energy produces CO2
CO2 => E : Splitting CO2 with sunlight gives kerosine (some day): STL
E => W: Sea water is converted to drinking water with help of energy
W => E: Water ist needed for BTL (exception: algae)
CO2 => W: global worming means melting of glaciers the drinking water storage
W => CO2: melting of glaciers and polar caps means more global worming

So what is of importance?

1.) water
2.) energy
3.) CO2

We will have not One but Three Issues! 
Learning from History Looking into the Future

water
ice

energy CO2
global 

warming

What is needed?

1.) drinking water protection (from pollution)
2.) reservoirs (saving water from melting glaciers)
3.) wells
4.) energy efficient salt water treatment plants
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Some Ideas

“Air Travel Evaluator”
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My very personal Summary and Outlook

•The aircraft is mature, whatever will come, will not change the game

• With ever more people on this planet, life will get more difficult
• Primary concern in the future is water, if water runs out, a war can start in days

• Fossil fuels will come to an end – probably later than we now believe
• Something totally different will be coming after this energy aera – we need to work on it
• The change will not be smooth so we need resilience

• We spend our resources on too many things that do not matter in the big picture
• We could be advancing at a faster pace if we get focused on what really matters

Eco-Efficiency in Aviation – Flying Off Course?
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zum Vortrag mit. Mittels E-Mail-Verteilerliste wird über aktuelle Veranstaltungen informiert. Vortragsunterlagen vergangener 
Veranstaltungen, aktuelles Vortragsprogramm, Eintrag in E-Mail-Verteilerliste, Vordrucke der Teilnahmebestätigung: Alle Services über die 
Internetseite zur gemeinsamen Vortragsreihe von DGLR/VDI/RAeS/HAW:   http://hamburg.dglr.de .

DGLR Bezirksgruppe Hamburg http://hamburg.dglr.de und
RAeS Hamburg Branch http://www.raes-hamburg.de
VDI, Arbeitskreis L&R Hamburg http://www.vdi.de/2082.0.html http://www.luftfahrtstandort-hamburg.de

DGLR / HAW Prof. Dr.-Ing. Dieter Scholz Tel.: (040) 42875 8825 info@ProfScholz.de
RAeS Richard Sanderson Tel.: (04167) 92012 events@raes-hamburg.de
VDI Hannes Erben Tel.: (040) 743 83481 hannes.erben@airbus.com 
DGLR Eric Heslop Tel.: (040) 743 62505 hamburg@dglr.de 

     

Zeit: Donnerstag,  08.11.2012, 18:00 Uhr
Ort: HAW Hamburg 

Berliner Tor 5, (Neubau), Hörsaal 01.12

Dr. Susan Michaelis, a former Australian commercial 
pilot is an aviation health and safety consultant 
and Head of Research for the Global Cabin Air Quality 
Executive (GCAQE), the leading labor and consumer 
organization specifically addressing the issue of 
aircraft contaminated air. She has widely briefed 
industry, governments, military and unions, with her 
2010 PhD dissertation on this subject being the 
only one of its kind globally covering a wide spectrum 
of issues on the contaminated air subject. She holds 
NEBOSH and COSHH qualifications in health and 
safety and the use of hazardous substances. She is 
completing an MSc in Air Safety and Accident 
Investigation at Cranfield University.

Aircraft Cabin Air Contamination -
Health & Flight Safety Implications
Dr. Susan Michaelis, PhD, ATPL

Aircraft air supplies delivered via compressed bleed 
air combined with the use of highly heated synthetic 
turbine engine oils has been a subject of concern 
since the early 1950’s and remains an ongoing issue to 
the present day. Dr. Susan Michaelis will present the 
findings of her PhD thesis [1] on this subject examining 
the health and flight safety implications from 
exposure to unfiltered contaminated air in aircraft. 
Areas of specific interest include: the short and long-
term adverse effects documented supporting a discrete 
occupational health syndrome, the frequency of 
exposure, an examination of air monitoring studies 
undertaken and the suitability of these to suggest the 
air is healthful or safe and a review of industry 
knowledge and actions spanning almost 6 decades. 
Synthetic jet engine oils heated to high 
temperatures have been long known to become 
toxic. This happens as a design and operational 
feature of using bleed air. It has become an accepted 
and expected occurrence within the aviation 
industry. The evidence presented warrants that 
precautionary measures be introduced to address this 
real health and flight safety issue.
 

[1] MICHAELIS, Susan: Health and Flight Safety Implications 
from Exposure to Contaminated Air in Aircraft, The 
University of New South Wales, School of Risk and Safety 
Sciences, PhD Thesis, 2010. - ISBN: 978-0-9555437-7-7



Safety/Health – 1999 - Malmö

 Both pilots temporarily totally 
incapacitated in flight.

 Oil leak identified.

 Oil-based chemicals identified in air 
supply system; (including TCP) no 
other explanation for symptoms. other explanation for symptoms. 

 Captain no longer able to fly – loss 
of medical cert



An Actual Incident 



Will they listen? 



James Lovell, Apollo 13 
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Engine Oil in the Potable Water 
Distribution of Engine Oil with Metal Nanoparticles 

Potable water contaminated by bleed air on 
an Airbus A320. The last water extracted 
from the tank before it is empty is black, 
probably from engine oil residue. 
 
Picture source: 
Video: https://youtu.be/dlPOeudTTCI. 
The video explained: 
https://purl.org/CabinAir/WaterContamination. 
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Engine Oil Colors Bleed Air Duct Brown 
Distribution of Engine Oil with Metal Nanoparticles 

Fan air and bleed air ducts at the interface between engine and 
wing on an Airbus A320. The brown stain in the bleed air duct 
appears to be engine oil residue. In comparison, the fan air duct 
is clean. Air temperature in the bleed air duct about 400 °C. 

Airbus A320 FCOM 

cut at engine      removal 
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The Airbus A320 water extractor 
(Airbus 1999), is a part of the air 
conditioning pack. The inlet of the 
water extractor is covered with 
black oily residue. 

Engine Oil Residue Accumulates in Water Extractor 
Distribution of Engine Oil with Metal Nanoparticles 
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Engine Oil Colors Cabin Air Duct Black 
Distribution of Engine Oil with Metal Nanoparticles 

Airbus A320 air conditioning air 
distribution duct in the cabin. 
The inside is black from 
contaminated bleed air. 
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Distribution of Engine Oil with Metal Nanoparticles 

Engine Oil Colors Cabin Air Duct Black 

Left: A unused duct supplied new. 
Right: A ducts that had been installed downstream of the environmental control system air 
conditioning packs on a BAe 146 passenger aircraft after 26061 flight hours (CAA 2004). 
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Distribution of Engine Oil with Metal Nanoparticles 

Flow Limiter in Air Conditioning Ducts Clogged 

Flow limiter clogged from 
pyrolysed engine oil in ducts of 
the air conditioning system of 
Boeing 757 aircraft with Rolls-
Royce RB211-535E4 engines 
operated by Icelandair 
(Hansen 2019) compared to a 
clean flow limiter (top). 
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Distribution of Engine Oil with Metal Nanoparticles 

Engine Oil Colors Riser Ducts Black 

Riser ducts and lower cabin air outlet 
on an Airbus A320 aircraft. The red 
line close to the cabin floor shows, 
where the duct was separated and 
opened. It is black inside from 
engine oil residue. 

Video: 
https://bit.ly/2YXcL3a 
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Initial Thoughts 

Gangoli Rao 2018 

Modes of Transportation and Income 
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Initial Thoughts 

Caldwell 2018 

Modes of Transportation and Income 

City Airbus, 4 passengers, 
endurance: 15 min. (Airbus 2017a) 

Max Pixel, CC0 

Waiting for the City Airbus? 
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Initial Thoughts 

Modes of Transportation and CO2 
based on Caldwell 2018 

CO2 = 106 g/km 

VW  Golf TDI 
4.2 l/100 km 
1440 kg 
118 kW 
= 0.082 kW/kg = 0.29 kW/kg                                                = 0.33 kW/kg 
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Initial Thoughts 

Predicting the Future 

A french 1899 forecast of "AERO-CABS" in the year 2000  (courtesy of Prof. Zhuravlev) 
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Selected Projects Evaluated – Media Hype?  

Media Hype or Media Circus and Greenwashing 

Definition: 
A news event for which the level of media coverage is perceived to 
be excessive or out of proportion to the event being covered. 
(https://en.wikipedia.org/wiki/Media_circus) 

Definition: 
A form of spin in which green PR or green marketing is deceptively 
used to promote the perception that an organization's products, aims 
or policies are environmentally friendly 
(https://en.wikipedia.org/wiki/Greenwashing) 
 
Criteria (translated): 
Missing acts, borrowed plumes, hidden goal conflicts, lack of 
evidence, vague statements, wrong labels, irrelevant statements, 
lesser evil, untruths, Deep Greenwash 
(https://de.wikipedia.org/wiki/Greenwashing) 
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Rolls-Royce 2017 

E-Fan X Hybrid-Electric Flight Demonstrator 

? 

• Electric engines have at best the same mass as an aviation gas turbine. 
• The new propulsion system (gas turbine, generator, electric motor) has 
  at least 3 times the mass of the original propulsion system, which could do with only the gas turbine. 

More at RAeS: 
Robinson 2017 

* 

* Siemens eAircraft Unit 
   sold to Rolls-Royce in 2019 

Selected Projects Evaluated – Media Hype?  
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Caluclations by  
Benegas 2019, 
HAW Hamburg 

E-Fan X Hybrid-Electric Flight Demonstrator 

Evaluation Results: 

• Given aircraft => Wing area, maximum loads, mass (MTOW, MZFW) relevant for certification is fixed!  

• E-Fan X: Three Lycoming ALF 502 engines (old), one AE2100A turboshaft  (new) 

• New AE2100A gas turbine is slightly more efficient 

• Take-off requires less than 2.5 MW => no batteries required (therefore eliminated here to improve design) 

• Operating empty weight (OEW) increases => payload (MPL) decreases 

                                                                      => number of  passengers npax decreases  to 73 (from 82) 

• Direct Operating Costs (DOC) per passenger seat mile increase by about 10% 

 

Selected Projects Evaluated – Media Hype?  
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Airbus is giving false impression: 

"Among the top challenges for today’s aviation sector is to move towards a means of transport with 

improved environmental performance, that is more efficient and less reliant on fossil fuels. The 

partners are committed to meeting the EU technical environmental goals of the European 

Commission’s Flightpath 2050 Vision for Aviation (reduction of CO2 by 75%, reduction of NOx by 90% 

and noise reduction by 65%). These cannot be achieved with the technologies existing today. 

Therefore, Airbus, Rolls-Royce and Siemens are investing in and focusing research work in different 

technology areas including electrification. Electric and hybrid-electric propulsion are seen today as 

among the most promising technologies for addressing these challenges." 

 

Translated from German: "The hybrid drive offers advantages above all with regard to noise emissions 

and consumption. Incidentally, the e-turbine, which draws its power from a fossil fueled generator 

rather than a battery, is expected to consume a good 25 percent less." 

Airbus 2017b 

E-Fan X Hybrid-Electric Flight Demonstrator 

Focus 2017 

Selected Projects Evaluated – Media Hype?  



German Aerospace Congress 2019 
Darmstadt, 30.09. - 02.10.2019 

Dieter Scholz: 
Limits to Principles of Electric Flight 

Slide 23 
Aircraft Design and Systems Group (AERO) 

easyJet Full Electric Aircraft (9-seat demonstrator: 2019) 

• Design for an easyJet-sized aircraft London - Amsterdam, Europe’s second busiest route, 
  is seen as a strong contender for full electric flying in the future. 
• easyJet ... confirmed progress ... towards its strategy to operate ... more sustainably and reduce noise from aviation. 
• US start-up company, Wright Electric, has commenced work on an electric engine that will power a nine seater aircraft. 
• Wright Electric partner Axter Aerospace already has a two seater aircraft flying, and the larger [nine seater] aircraft is 
  expected to start flying in 2019.  
• Work will commence on an easyJet-sized aircraft by aircraft designer Darold Cummings [Aerospace Consultant]. 
                                                                                                                                                                        (EasyJet 2018) 
 

More on Darold B. Cummings see under: CSULB 2016. 

Wright 2019 

Selected Projects Evaluated – Media Hype?  
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Seats:       2              9       > 100 
Year: 2018 (2016)       2019       < 2038? ** 
  
Source: Easy Jet 2018  
 
          * Axter does not mention the EasyJet project on its website!  
          * Wright Electric’s goal is for every short flight to be zero-emissions within 20 years (Wright 2019).  

? 

easyJet Full Electric Aircraft (9-seat demonstrator: 2019) 

Axter 2019 * 

Selected Projects Evaluated – Media Hype?  
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• One main pusher propeller at the tail and two pusher propellers at the wingtips to improve efficiency 
• 9 passengers (plus 2 pilots) up to 650 sm (1000 km) at a cruise speed of 240 kt 
• Li-lon battery: 900 kWh 
• MTOW: 6350 kg 
(https://www.eviation.co/alice as of 2019) 
 
• Battery mass is 65% of total aircraft mass (without payload) 
• Specific energy of battery is 400 Wh/kg [much too high] 
(https://www.eviation.co/alice as of 2017) 

Eviation Aircraft: Alice All-Electric Business and Commuter Aircraft 

• Service entry is expected in 2022 
• Maximum payload: 1250 kg (including pilots). 
  This is only 13.7% of MTOW (low due to batteries). 
• 183 kg cargo (with assumed 97 kg per person) 
• Direct Operating Costs (DOC): 200 USD 
  per flight hour with 11 person at 240 kt 
(Hemmerdinger 2019) 
 
Own calculations based on given data: 
• OEW: 2043 kg 
• battery mass: 3434 kg 
• OEW/MTOW = 0.32 (too low) 
• Specific energy of battery calc.: 285 Wh/kg (high) 
• L/D in cruise: 17.5 (based on 400 Wh/kg) 
• L/D in cruise: 24.5 (based on 285 Wh/kg) (too high) Sarsfield 2019 

won't  
meet 
spec 

Selected Projects Evaluated – Media Hype?  
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Zunum 2019 

ZUNUM Aero: Commuter Aircraft – Series Hybrid with Range Extender 
Selected Projects Evaluated – Media Hype?  
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ZUNUM Aero: Commuter Aircraft – Series Hybrid with Range Extender 

Warwick 2017 

Zunum 2019: 11500 lbs = 5216 kg 
Zunum 2019: 2500 lbs = 1134 kg 
= 363 kg (will give range of about 1250 km = 780 SM as specified) 
very low for battery electric flight 
 
 
= 295 kt this gives M = 0,49 in 25000 ft 
meant are 700 SM = 608 NM = 1126 km guaranteed by fuel !!! 
 
Zunum 2019: 
12 pax => 94.5 kg / pax (low) 
battery mass (@ 20% MTOW): 2300 lbs = 1043 kg 
OEW = 5900 lbs = 2676 kg 
OEW/MTOW = 0,51 (realistic) 
With 250 Wh/kg, L/D=18: battery range = 238 km = 148 SM 
 
 Aircraft flies only 21% of its range on batteries! 

Selected Projects Evaluated – Media Hype?  
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Diamond Aircraft Multi-Engine Hybrid Electric Aircraft (based on DA40) 

• First flight: 31st of October 2018 at Diamond Aircraft’s headquarters in Wiener Neustadt, Austria. 
• Two electric engines have been added on a forward canard, which combined can generate 150kW of take-off power. 
• The diesel generator is located in the nose of the aircraft and can provide up to 110kW of power. 
• Two batteries with 12 kWh each are mounted in the rear passenger compartment [taking two of the four seats!], and act 
  as an energy storage buffer.  
• Pure electric, the aircraft has an endurance of approximately 30 minutes. The hybrid system extends this to 5 hours. 
• The objective of future flight tests will be to determine the exact efficiency increase achieved in comparison to similar  
  non-electric aircraft. 
 
Remark: Direct Operating Costs (DOC) per passenger seat will roughly double with only 2 seats instead of 4! 

Diamond 2018 

Selected Projects Evaluated – Media Hype?  
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Validation – Are we Doing the Right Thing? 

Put the aircraft on tracks! 
This replaces the Induced Drag by Rolling Friction 

• Aircraft: Induced drag is drag due to Lift = Weight. Train: Rolling Friction is also drag due to Weight. 
• Aircraft: For minimum drag, induced drag is 50% of total drag. 
• For the same weight, rolling friction of a train is 5% of the induced drag of an aircraft! 
• This means: For the same weight, drag of an aircraft is reduced by  47.5% if put on rails! 

Grid Connected Electric Mobility Operates Successfully on Tracks! 
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CS 25.121 Climb: one-engine-inoperative 

(b) Take-off; landing gear retracted. 

 In the take-off configuration existing at the point of the flight path at which the landing gear is fully retracted, ... the steady 

gradient of climb may not be less than  

  2.4% for two-engined aeroplanes, 

  2.7% for three-engined aeroplanes and 

  3.0% for four-engined aeroplanes, 

  at V2 and with  - 

   (1) The critical engine inoperative and the remaining engines at the available maximum continuous power or thrust 

• It depends on the required climb 
gradient, sin g. 

• It is not defined today, how a One-
Engine-Inoperative (OEI) climb is 
treated by CS-25 with respect to sin g. 

• Many engines could also lead to 
increased thrust requirements!? 
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Savings due to a Large Number of (Electric) Engines? – Climb OEI: sin g 

sin g increased 
beyond 3% by 0,3%-
points per engine 

sin g kept constant 
at 3% for larger 
number of engines 

assumed:  
E = L/D = 20 

Aircraft Design for Electric Propulsion 
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CS 25.107 Take-off speeds 

(a)(1) VEF is the calibrated airspeed at which the [one] critical engine is assumed to fail. 

 

CS 25.109 Accelerate-stop distance 

(a)(1)(ii) Allow the aeroplane to accelerate ... assuming the [one] critical engine fails at VEF 

 

CS 25.121 Climb: one-engine-inoperative 

 

• For a design with very many 
engines nE, EASA / FAA could 
re-define the thrust factor. 

• The number of engines 
assumed inoperative nE,inop 
could be increased: 

        nE,inop >1, for larger nE 
  

• 4 engines with 1 failed need a thrust 
factor of 1.33. 20 engines with 4 failed 
need a thrust factor of 1.25 – only 
slightly less. However, probability for 4 
engines failed from 20 is very low. 

• Applied, this could reduce the 
advantage of many engines. 
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Investigation of Propeller Area ... 
Aircraft Design for Electric Propulsion 

... at least 2 times bigger with only 4 engines 
instead of 8 engines! 

g g  gap 

length of landing gear, 
depends on 
number of engines. 
Alternatively: shift  propellers upwards, 
maybe mount on high wing. 

7.5° ground clearance 
 angle 

low  dihedral angle 

high  anhedral angle 

b  wing span 

depends on 
ICAO aerodrome reference codes 
24 m, 36 m, 52 m, 65 m, 80 m 
=> propellers should not exceed wing tip! 

g 
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... in Contrast Rolls-Royce thinks ... 
Aircraft Design for Electric Propulsion 

Translated from German: "For Rolls Royce, for example, a gas turbine uses a generator to produce the 

electricity used for electric motors and on-board functions. The aim is to save up to 35 percent of the 

emissions of an aircraft in this way by changing the aircraft design with numerous small, electrically 

driven propellers", says Ulrich Wenger, head of technology at the engine manufacturer. 

Rolls-Royce (NAS 2016) 

Rolls-Royce (NAS 2016) 
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Maximum Range for Electrical Propulsion 
Aircraft Design for Electric Propulsion 
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Requirements
m MPL 19256 kg 0%
R MPL 755 NM -50%
M CR 0.76 0%
max(s TOFL , s LFL) 1770 m 0%
n PAX (1-cl HD) 180 0%
m PAX 93 kg 0%
SP 29 in 0%
Main aircraft parameters
m MTO 95600 kg 30%
m OE 54300 kg 32%
m F 22100 kg 70%
S W 159 m² 30%
b W,geo 36.0 m 6%
A W,eff 9.50 0%
E max 18.20 ≈ + 3%
T_TO 200 kN 38%
BPR 6.0 0%
h ICA 41000 ft 4%
s TOFL 1770 m 0%
s LFL 1450 m 0%
Mission requirements
R Mi 294 NM -50%
m PL,Mi 13057 kg 0%

m F,trip 7800 kg 72%
SS 0.0095 -45%

Results

Parameter Value Deviation 
from A320

Environmental Evaluation 

Battery Powered A320 

• Only design solution with 
 Range reduced by 50% 
 => not a fair trade-off <= 
 
• Specific Energy: 1.87 kWh/kg 
• Energy density: 938 kWh/m³ 
• Batteries in LD3-45 container 
• 2 container in cargo 
 compartment 
• 13 container  forward and 
 aft of cabin 
• Fuselage streched by 9 m 
 to house batteries 

 
• MTOW plus 38% 
• Battery mass plus 79%  
 (compared with fuel mass) 
• On study mission (294 NM) 
 environmental burden (SS) 
 down by 45% 
 (EU electrical power mix) 
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Aircraft Cabin Ventilation in the Corona Pandemic – Legend and Truth 

● Press Releases, Memos: 8 documents. 

● Media production with my contribution: 

o Radio / TV: 14  

o Print: 18 

o Online: 26 

o Own Video:   1 

Independent Project at HAW Hamburg: "Flying During the Corona Pandemic" 

http://corona.ProfScholz.de 

http://corona.profscholz.de/
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Overview 
Air Conditioning System (ATA 21) 

engine bleed air engine bleed air 

HEPA Filter HEPA Filter 

Recirculation Recirculation 

50% of air via outflow valve 

50% 

100% 

50% 

50% 

Airbus A320 
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Overview – Simplified Version 
Air Conditioning System (ATA 21) 

outside air 

recirculation 

source filter 
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Cabin Ventilation 
Theory 

Aircraft Cabin Ventilation in the Corona Pandemic – Legend and Truth 
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Qe Cout(side) Qe C 

S 

Ventilation Equation 
Cabin Ventilation Theory 

 

dt

dC
VCQCQS eoute 

S: source strength in kg/s 

Qe: effective air flow rate for ventilation in m³/s 

C: concentration of CO2 or any other substance in kg/m³ in the room 

Cout: concentration of CO2 or any other substance in kg/m³ outside of the room 

V: volume of the room 

Dieter Scholz: 

Aircraft Cabin Ventilation Theory, 

Memo, 2020-06-27. 

https://doi.org/10.31224/osf.io/ac6p8 

See this document for a List of References 

mentioned in this section. 

https://doi.org/10.31224/osf.io/ac6p8
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Solving the Ventilation Equation for Steady State 
Cabin Ventilation Theory 

If Cout is zero, the respective term can be deleted from the equation. The same is true, if C is 

understood as the difference of the concentration to the outside (ambient) concentration. 

 

dt

dC
VCQS e   

 

In case of a steady state situation (no change in concentration C), the equation simplifies to 

 

eQ

S
C   

 

We learn: The concentration is independent of the volume V and depends only on the source 

strength S and the effective air flow rate Qe. 
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Air Change Rate and Time for One Air Change 
Cabin Ventilation Theory 

 

The air change rate n (in 1/h) is 

V

Q
n       

 

Q: air flow rate for ventilation in m³/s 

 

The time for one theoretical air exchange, tn1 is  

 

ntn /11     . 
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Visualizing the Unsteady Ventilation Equation 
Cabin Ventilation Theory 

Relative remaining concentration for a ventilation efficiency of h = 1 versus relative time. 

 

Hence, rinsing is an asymptotic process. A relative concentration will only reach the value 0% 

of the initial amount after an infinitely long time. 

T 
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Time to "Fully Renew" (1%, ISO 14644-3) the Air in a Room 
Cabin Ventilation Theory 

If h = 46.05% is assumed (Wikipedia 2020) 

10.10 ntt 
     .

We learn: The air in a room will never be "fully renewed", but a remaining concentration of 1% 

may be accepted to call this "fully renewed" (in accordance with ISO 14644-3). As a rule of thumb 

"fully renewed" is achieved during a time about ten times the time for one (theoretical) air change. 

If the time for one (theoretical) air change is 3 minutes, the air can be considered to be "fully 

renewed" in 30 minutes. 
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Legend or Truth? 

Aircraft Cabin Ventilation in the Corona Pandemic – Legend and Truth 
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Industry Claim 1: 
The air in the aircraft "as clean as in a hospital operating theatre" 
(due to HEPA filters) 

Legend or Truth? 

● Wrong logic applied: Even if the HEPA filters would filter out

100% of the viruses in the SUPPLIED air, the AIR IN THE

CABIN is still NOT virus free, because the viruses are in the

cabin in the first place.

● 50% reduction to (unknown) reference: What is possible is

this. The virus concentration in the cabin can be halved (with

50% recirculation) if, in addition, recirculation with a 100%

effective HEPA filter is used. C = S / Q .

● HEPA filters may not exist or not work: There are no

binding requirements for the existence (some smaller aircraft

do not have them) or the maintenance of HEPA filters in

aircraft. Therefore, no information can be given about their

quality in practice. But: Filtration efficiency may even improve,

when filters are old and dirty.
https://perma.cc/686X-X9AZ?type=image 

IATA: 

https://perma.cc/686X-X9AZ?type=image
https://perma.cc/686X-X9AZ?type=image
https://perma.cc/686X-X9AZ?type=image
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Industry Claim 2: 
The air in the aircraft is " FULLY renewed every 2 to 3 minutes" 

Legend or Truth? 

● Statement is irrelevant: The air change rate is only important for 

dynamic processes (not relevant here!). C = S / Q . 

● Unfit parameter for comparison: The air change rate, n in the 

aircraft is only so high because the volume V per passenger (about 

2 m³ on an airplane) is so small. This makes the air change rate, n 

unfit as a parameter for comparison with rooms where people have 

more volume each (office, cathedral, ...). 

● One air change in 3 minutes is wrong: For 0.25 kg of air per 

minute and person and 2 m³ per person, a cabin volume of fresh air 

must flow into the cabin at least every 6.7 minutes. Aircraft better 

than required? Manufacturers seem to use the "cabin volume" 

(volume above cabin floor) instead the "volume in the pressure 

seals" to calculate one theoretical air change in about  3 minutes. 

● Statement "fully" is wrong: With optimal mixed ventilation (which 

is never the case in practice), the concentration of a substance is 

reduced to 37% of the original value after one air change. Only 

after 5 air changes does the concentration drop below 1% 

(assuming a ventilation efficiency of h  = 1). 
https://perma.cc/686X-X9AZ?type=image 

IATA: 

https://perma.cc/686X-X9AZ?type=image
https://perma.cc/686X-X9AZ?type=image
https://perma.cc/686X-X9AZ?type=image
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Industry Claim 2: 
The air in the aircraft is " FULLY renewed every 2 to 3 minutes" 

Legend or Truth? 

Video: https://youtu.be/QYP255V03BY?t=544 

No, see video: 5 air exchanges are necessary! 

https://youtu.be/QYP255V03BY?t=544
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Industry Claim 2: 
The air in the aircraft is " FULLY renewed every 2 to 3 minutes" 

Legend or Truth? 

Video: https://youtu.be/QYP255V03BY?t=375 

Ventilation Comparison 
 Aircraft                        versus                         Home 

Ventilation rate in the (my) home is 5-times that of the aircraft! 

Ventilation rate: Q = 18 m³/h (0.25 kg/min) Q = 90 m³/h  relevant value 

Volume per person: V = 2 m³ V = 36 m² . 2.5 m = 90 m³ 

Air change rate: n = Q / V = 18/2/h = 9/h n = Q/V = 90/90/h = 1/h 

One air change in: t = 6.7 min t = 1 h = 60 min  irrelevant value 

https://youtu.be/QYP255V03BY?t=375
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Legend or Truth? 

Industry Claim 3: 
The air flow in the aircraft cabin "only from top to bottom" 
or "no horizontal flow" (not sideways, not forward or aft) 

Delta: Video: https://youtu.be/ll-4LUfcr_s?t=33 

Air flow only from top to bottom? 

Cabin air ventilation out of the overhead bins? 

Delta: Video: https://youtu.be/ll-4LUfcr_s?t=67 

https://youtu.be/ll-4LUfcr_s?t=33
https://youtu.be/ll-4LUfcr_s?t=33
https://youtu.be/ll-4LUfcr_s?t=33
https://youtu.be/ll-4LUfcr_s?t=33
https://youtu.be/ll-4LUfcr_s?t=67
https://youtu.be/ll-4LUfcr_s?t=67
https://youtu.be/ll-4LUfcr_s?t=67
https://youtu.be/ll-4LUfcr_s?t=67
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Legend or Truth? 

Industry Claim 3: 
The air flow in the aircraft cabin "only from top to bottom" 
or "no horizontal flow" (not sideways, not forward or aft) 

Jean-Brice Dumont, Airbus ("guru"): 

It [the air] flows from top to bottom 

at one meter per second, and is 

subsequently removed through the 

floor. This airflow is optimized to 

prevent longitudinal movement, so 

there is no spread between adjacent 

seat rows. 

Facebook, 29.05.2020 

https://www.facebook.com/watch/?v=582384906021127 

Video: https://youtu.be/LV00dLUdK0k 

Dieter Scholz: 

Airbus' Cabin Air Explanations during the 

Corona Pandemic – Presented, Analyzed, 

and Criticized, Memo, 2020-06-19. 

https://doi.org/10.31224/osf.io/b9dkp 

https://perma.cc/YA6L-JEJ6 

https://www.facebook.com/watch/?v=582384906021127
https://www.facebook.com/watch/?v=582384906021127
https://youtu.be/LV00dLUdK0k
https://doi.org/10.31224/osf.io/b9dkp
https://doi.org/10.31224/osf.io/b9dkp
https://perma.cc/YA6L-JEJ6
https://perma.cc/YA6L-JEJ6
https://perma.cc/YA6L-JEJ6
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Legend or Truth? 

Industry Claim 3: 
The air flow in the aircraft cabin "only from top to bottom" 

Boeing: CFD simulation of flow in a B737 cabin cross section. Snapshot of a dynamic situation. 

Flow direction indicated by the 

arrows show flow from one 
passenger to the other and as 

such the exchange of breathing 

air. 
  

Nevertheless, 

Boeing concludes: 
"the risk of contracting COVID-

19 while flying is low. 

Engineering controls on modern 

aircraft that employ high air flow 

from ceiling to floor, HEPA 

filtration, and set design / 

positioning that minimize air 

flow between rows, and play an 

important role in the control of 

particle fate in the cabin." 
  

Source: 

https://perma.cc/S5VV-UNS2 

https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
https://perma.cc/S5VV-UNS2
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Legend or Truth? 

Industry Claim 3: 
The air flow in the aircraft cabin "only from top to bottom" 

The special (unfavorable) case of the B767 was studied by Prof. Chen, Purdue University. 

Video: https://engineering.purdue.edu/~yanchen/infection.html 

Explanations Given by Science: 

https://engineering.purdue.edu/~yanchen/infection.html
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Legend or Truth? 

Industry Claim 3: 
The air flow in the aircraft cabin "only from top to bottom" 

Video: https://youtu.be/t2QV5aqo_bI 

Explanations Given by Science: 

https://youtu.be/t2QV5aqo_bI
https://youtu.be/t2QV5aqo_bI
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Legend or Truth? 

Industry Claim 6: 
6 feet physical distancing minimum without a mask (CDC 
recommendation) is equivalent to 1 foot distance onboard the 
aircraft  with a mask. 
  

https://perma.cc/NE83-9GS9 

Scientific facts: 

● No airflow
that  separates

passengers.

● No masks
are  worn

during extended

periods (meals)

during flight

(especially in

first class).

https://perma.cc/NE83-9GS9
https://perma.cc/NE83-9GS9
https://perma.cc/NE83-9GS9
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Legend or Truth? 

Industry Claim 7: 
"But with just 44 published cases of potential inflight COVID-19 transmission among 

1.2 billion travelers, the risk of contracting the virus on board appears to be in the 
same category as being struck by lightning," said Alexandre de Juniac, IATA’s 

Director General and CEO up to 2020. (https://perma.cc/S29W-VDNM) 

However, 44 cases is just based on 13 studies (IATA: https://perma.cc/Y2VV-ZJEM), 

but this number divided by all passengers in 2020 is ... 'Bad math' says Dr. David 

Freedman, a U.S. infectious diseases specialist. 

https://perma.cc/8SWH-2BKD 

https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/S29W-VDNM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/Y2VV-ZJEM
https://perma.cc/8SWH-2BKD
https://perma.cc/8SWH-2BKD
https://perma.cc/8SWH-2BKD
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IATA Does Not Give Up on the Topic  
Legend or Truth? 

Flight International 

September 2021 

https://perma.cc/64N4-JVEE 

https://perma.cc/64N4-JVEE
https://perma.cc/64N4-JVEE
https://perma.cc/64N4-JVEE
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Right or Wrong Does Not Matter Anymore 

https://doi.org/10.7249/RR2314 

Definitions from the book: 

Truth Decay? 

For more related information see: 
SCHOLZ, Dieter, 2020. Aviation Ethics – Growth, Gain, Greed, and Guilt. German Aerospace Congress 2020 

(DLRK 2020), Online, 01.-03.09.2020. Available from: https://doi.org/10.5281/zenodo.4068009 

https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
https://doi.org/10.5281/zenodo.4068009
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IATA Active on Facebook 

Facebook 

21 September 2020 

https://perma.cc/686X-X9AZ?type=image 

Truth Decay? 

https://perma.cc/686X-X9AZ?type=image
https://perma.cc/686X-X9AZ?type=image
https://perma.cc/686X-X9AZ?type=image
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https://doi.org/10.5281/zenodo.4066959
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Motivation 

 
Do not tell me today 
what you will have achieved in x years. 
 

Tell me what you told x years ago and 

how much of that you achieved today! 

 

Dr. Dieter Dey, Airbus, 1988 
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Motivation 
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The year 2020 is pivotal when it comes to environmental goals: 
 
• ACARE: European Aeronautics – A Vision for 2020: 
 "A 50% cut in fuel consumption in the new aircraft of 2020" 

compared to 2000 
 
• IATA: Carbon-neutral growth from 2020 
 
• ATAG: Carbon-neutral growth from 2020 
 
• ICAO: CORSIA: "the basis for carbon neutral growth from 2020" 

Promises and Visions for 2020 
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The "Group of Personalities" in 2020: 
 
Pedro Argüelles: 1950 (age 70 years) 
Manfred Bischoff: 1942 (age 78  years) 
Philippe Busquin: 1941 (age 79  years) 
Sir Richard Evans: 1942 (age 78 years) 
Walter Kröll: 1938 (age 82 years) 
Jean-Luc Lagardère: * 1928,  2003 
Denis Ranque: 1952 (age 68 years) 
Paul Reutlinger: * 1943,  2010 
Sir Ralph Robins: 1932 (age 88 years) 
Helena Terho: 1948 (age 72 years) 
Arne Wittlöv: 1940 (age 80 years) 
 
An average age of 77 years (if still alive) 
 
Could we hold them accountable? 
No, because no legal contract! 

ACARE: A Vision for 2020 

Busquin (Commissioner ) 
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IATA: CNG from 2020 

Archived at: https://perma.cc/42HW-ZTKF 

IATA , 2009: A global approach to reducing 
aviation emissions. First stop: carbon-neutral 
growth from 2020. – URL: 
http://www.iata.org/whatwedo/environment/Documents/global-
approach-reducingemissions.pdf 

IATA: International Air Transport Association. 
A trade association of airline companies. 
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IATA (and ATAG) want to achieve zero emission growth from 2020 onwards. This is 
only possible with CO2 compensation (carbon offset schemes). 

2020 is arbitrary to start 
with CO2 compensation. 
 
Compensation could have 
started earlier. 
 
Why not postpone longer? 
 
Did we notice any change 
with the 2020 CO2 cap? 

IATA: CNG from 2020 

Archived at: https://perma.cc/42HW-ZTKF 
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IATA: CNG from 2020 

A320:       1988: reference 
A320neo: 2016: fuel burn: -15%  
  

15% in 28 years 
  

This is:              11% in 20 years 
Much less than 50% in 20 years (ACARE) 

1-4% 

ok 

2009-2020 

??? 

??? 
??? 
??? 
??? 

no 

??? 
no Archived at: https://perma.cc/42HW-ZTKF 
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ATAG: CNG from 2020 

https://www.atag.org/facts-figures.html 



German Aerospace Congress 2020 
Online, 01.-03.09.2020 

Dieter Scholz: 
CO2 Reduction Promises and Visions 
 

Slide 28 
Aircraft Design and Systems Group (AERO) 

Comparison of Goals 
Flight International, 2014-01-14: 

... according to Manchester 
Metropolitan University's 
Centre for Aviation, Transport 
and the Environment (CATE) 
... because CO2 accumulates 
faster in the atmosphere than it 
can be removed. Therefore 
CO2 output must be reduced! 
IATA: "The science is so 
uncertain that we really 
wouldn't know what to do". 
Russia on the other hand does 
not even want carbon neutral 
growth (CNG)! 
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Comparison of Goals 

resources atmosphere 

With carbon neutral 
growth (CNG) the 
tap is left wide 
open. 
 
Maybe it is time to 
close the tap a least 
a little? 
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Summary – Goals, Promises and Visions Today 
 
 
• Goals, Promises and Visions are used to improve conditions in business: 
o receive money or reduce payments, 
o avoid or delay unwanted legislation (work slowly!). 

• Goals, Promises and Visions need to be distributed and directed to politics: 
o lobbying, media, research publications. 

• Goals, Promises and Visions need to be irresistible: 
o supported by VIPs, signatures and logos, 
o supported by technical details supported by experts. 

• Goals, Promises and Visions should have a long time horizon: 
o discussions about fulfillment are postponed, 
o those who have given the promis are retired or dead. 

• Goals, Promises and Visions can be deleted or replaced: 
o when their time of fulfillment comes near, 
o when circumstances have changed. 
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Dieter Scholz:
Design of Hydrogen Passenger Aircraft

Airbus: "Zero-Emission" Hybrid-Hydrogen Passenger Aircraft

https://www.airbus.com/innovation/zero-emission/hydrogen/zeroe.html
Archived at: https://perma.cc/HJ6L-3HUB

"At Airbus, we have the ambition to develop the world’s first zero-emission commercial aircraft by 2035."
(2020-09-21)
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https://web.archive.org/web/20120213180146/http://www.tupolev.ru/English/Picture.asp?PubID=1788

Tu-155 was the first
experimental aircraft
in the world operating
on hydrogen.

First flight was on 15 April 1988.

O Hydrogen blow-off

Airbus First?   Tu-155 First Experimental Hydrogen Aircraft
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Airbus First?   First Passenger Hydrogen Fuel Cell Aircraft 

https://www.zeroavia.com/press-release-25-09-2020
Archived at: https://perma.cc/K2G4-XEJP
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ZeroAvia
Hydrogen
Fuel Cell Fight

Interior of a Piper M350 (https://www.piper.com)

http://sustainableskies.org/zeroavia-first-out-gate-h2

ZeroAvia's hydrogen powered Piper

https://www.zeroavia.com/press-release-25-09-2020
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Airbus: The Schedule Towards 2035

https://youtu.be/LJGMLoSctZY

Airbus: A full-scale aircraft prototype is estimated to arrive by the late 2020s.

https://www.airbus.com/newsroom/stories/these-new-Airbus-concept-aircraft-have-one-thing-in-common.html
Archived at: https://perma.cc/33W7-BBY6
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History of "Zero Emission" – The Logic of Political Goal Setting

1: ACARE: Vision 2020
2: ACARE: Flightpath 2050
3: Airbus, DLR*, ...: Zero Emission
4: Hypothetical, if political trend continues

* DLR, BDLI, 2020-11-14: Zero Emission Aviation.
Archived at: https://perma.cc/M5VN-HG3Z 

Goal setting is linked to asking for public money:
● If money came for goal #n, a goal #n+1 has to be proclaimed as

the base for a new requests for more money.
● Goal #n+1 needs to surpass goal #n in terms of reduction

percentage and in an ever shorter time frame for its
achievement.

● Goal #n+1 is proclaimed before goal#n has been reached.
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Airbus: "Zero-Emission"?

Beware! "Zero-emission" is never possible; not for aircraft, not for animals/humans (CO2, CH4).

Airbus: By 2035, the world’s first zero-emission commercial aircraft could [or could not] take to
the skies. To bring this vision to reality, Airbus is exploring [not: developing and building] game-
changing concept aircraft – known as ZEROe – powered by hydrogen, a disruptive zero-
emission technology [note: the technology is zero-emission not the aircraft] with the potential
[but not necessarily the capability] to reduce aircraft emissions by up to 50%. [1]

What is meant? "zero-emission aircraft" or only "reduce aircraft emission by up to 50%"?
What is meant? "zero-emission aircraft" or only "zero-emission technology"?

[1] https://www.airbus.com/newsroom/stories/these-new-Airbus-concept-aircraft-have-one-thing-in-common.html
Archive at: https://perma.cc/33W7-BBY6
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Airbus: "Zero-Emission" – Corporate Statements
"At Airbus, we are convinced that carbon-neutral aviation is ... achievable." [1]
When?/What? What is "carbon-neutral aviation"? Is it "carbon-neutral growth (CNG)"? This is due in 2020, but is not
achieved (or only due to the Corona pandemic). So it must be "no carbon" or "a closed carbon cycle" making carbon
(CO2) emissions "neutral".

"... it is estimated that hydrogen has the potential to reduce aviation’s CO2 emissions by up to 50%." [2]
"50%" is not "carbon-neutral aviation". How to achieve "carbon-neutral aviation", if 50% CO2 is still emitted?

Please compare with the statement on previous page: "reduce aircraft emissions by up to 50%" versus "reduce aviation’s
CO2 emissions by up to 50%". "aircraft emissions" or "aviation's emissions"? "emissions; 50%" or "CO2 emissions;
50%"?

"This is why we have the ambition to develop the world's first zero-emission commercial aircraft by 2035." [1]
"Zero-emission" by only reducing CO2 by 50%? Aviation's emissions are more than only CO2.
We do not have a CO2 problem. We have a water problem!

"All three ZEROe [zero-emission] concepts are ... powered by hydrogen combustion." [3]
"Zero-emisson" is linked to an aircraft's "hydrogen combustion". This is far from true!

[1] https://www.airbus.com/company/sustainability/environment/decarbonisation.html Archived at: https://perma.cc/58TL-YKCC
[2] https://www.airbus.com/innovation/zero-emission/hydrogen.html Archived at: https://perma.cc/AM2K-4C9Q
[3] https://www.airbus.com/innovation/zero-emission/hydrogen/zeroe.html Archived at: https://perma.cc/HJ6L-3HUB
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Airbus: "Zero-Emission" – Interesting Personal Statements
Glenn Llewelyn (Vice President Head of Zero Emission Aircraft, Airbus):
We make sure that there are no non-CO2-effects when we use hydrogen onboard the aircraft. It's not all resolved in
terms of the solution and the details. We have a road map ... to secure our ambition to zero emission. Very clearly we
see that hydrogen has the potentail ... has some work to do but [hydrogen] is really the most promissing vector to deliver
ultemately zero emission flight. [1]

Introducing #ZEROe, https://youtu.be/525YtyRi_Vc. Left to right:
Jean-Brice Dumont (Executive Vice President Engineering, Airbus),
Grazia Vittadini (Chief Technology Officer, Airbus),
Glenn Llewelyn (Vice President Head of Zero Emission Aircraft, Airbus).

Dr. Sandra Bour-Schaeffer (Head of Airbus Group
Demonstrators, CEO of Airbus UpNext):
We will be producing more vapor and probably more
contrails ... Yes there remain open questions we have to
look on and contrails are one of them. [2]

Glenn Llewelyn:
As recently as five years ago, hydrogen propulsion wasn’t
even on our radar as a viable emission-reduction
technology pathway. Today, we’re excited by the incredible
potential hydrogen offers aviation in terms of disruptive
emissions reduction. [3]

[1] Introducing #ZEROe, 2020-09-21,
https://youtu.be/525YtyRi_Vc (22:22)

[2] Decarbonising Aviation. Royal Aeronautical Society Corporate Partner Briefing, 2020-11-05, https://youtu.be/LJGMLoSctZY (24:30)
[3] https://www.airbus.com/newsroom/stories/these-new-Airbus-concept-aircraft-have-one-thing-in-common.html,

Archived at: https://perma.cc/33W7-BBY6
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https://www.airbus.com/company/sustainability/environment/decarbonisation.html
Archived at: https://perma.cc/58TL-YKCC

Decarbonisation means reducing CO2, but
aviation emissions is more than CO2!
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EU-Study, May 2020

https://doi.org/10.2843/471510
Archived at: https://perma.cc/BJJ6-5L74

and many others

Emissions

Energy / Primary Energy

≠ 0%

1.7
3.4 !!!

4.6
9.2 !!!

PtL:
2.7 times
more
than LH2!

energy factor
compared
to electricity
and kerosene
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Refueling an A350 Once per Day
Can Be Done with 52 Big Wind Power Plants (4.6 MW Each)
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Electric Propulsion at Airbus – Limited Success

X
X XUniversity

Stuttgart
crosses the Alps
on a return trip in
one day (2015) with
320 km / 365 km.






*

* further ambitions
cancelled in favor
of E-Fan X

https://perma.cc/YCA2-2DWW
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Modern Aviation Vocabulary

• a giant leap (for mankind; Neil Armstrong when setting foot on the moon)
• to rise to the challenge
• seismic shift
• game-changing
• (bold) vision
• revolutionary design
• disruptive technology (braking with the traditional way e.g. of technology)
• (there is no) silver bullet (simple solution to a complicated problem)
• crystal ball (forecasting the future)
• the entire aviation ecosystem
• ...
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Corona, Politics, and Lots of Money Behind ZEROe

https://centreforaviation.com/news/corac-to-receive-eur15bn-over-three-years-to-research-carbon-neutral-aircraft-1003496
Archived at: https://perma.cc/9WEM-TGAV

The French government has earmarked 1.5 billion euros for the development of carbon-free aircraft as
part of a support plan for the aviation sector, which has been brought to its knees by the fallout from the
coronavirus pandemic. Overall, France is planning to invest 7 billion euros in the development of
hydrogen solutions, with neighboring Germany setting aside 9 billion.
https://www.dailysabah.com/business/transportation/airbus-aims-for-zero-emission-planes-by-2035
Archived at: https://perma.cc/8MV9-4HMN

In a sharp increase in funding for the [Council for Civil Aviation Research] CORAC research body,
France said it would invest 1.5 billion euros over three years to support research into environmentally
friendly technology. The main goal of the investment would be a carbon-neutral successor to the A320,
Europe’s best-selling jet, with hydrogen as an energy source instead of today’s oil-based gas turbines.
“Our target is to have a carbon-neutral airplane in 2035 instead of 2050, thanks especially to an (ultra-
efficient) engine using hydrogen,” Le Maire [french finance minister] said.
https://www.reuters.com/article/us-health-coronavirus-france-aerospace-idUSKBN23G0TB
Archived at: https://perma.cc/3HL5-ARRF
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https://www.lemonde.fr/idees/article/2020/05/29/aeronautique-la-transition-ecologique-impose-une-profonde-transformation-de-notre-
industrie_6041127_3232.html
Archived at: https://perma.cc/5L84-G4QN

Google translation
of French webpage.



AeroLectures, HAW Hamburg
Online, 19.11.2020

Slide 66
Aircraft Design and Systems Group (AERO)

Dieter Scholz:
Design of Hydrogen Passenger Aircraft

https://stay-grounded.org

Biggest Emission Reduction in Aviation
History Thanks to the Corona Pandemic

Ikreis, CC BY-SA, https://bit.ly/2Jn11T0

Traffic reduction is 
more efficient than 

technology
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Truth Decay:
Right or Wrong Does Not Matter Anymore

https://doi.org/10.7249/RR2314

Definitions from the book:

Airbus spreads misleading information ("zero emission") intentionally, which makes it "Fake News":
● Airbus knows better, because Airbus partnered the EU report "Hydrogen-Powered Aviation". (https://doi.org/10.2843/471510)

● Dr. Bour-Schaeffer (Airbus) knows better and has publically declared as such (RAeS Corporate Partner Briefing, 2020-11-05),
only when asked, however this has not changed Airbus' official narrative or written statements.

● This is not a single event. Airbus has distributed similarly wrong statements e.g. related to cabin air ventilation:
SCHOLZ, Dieter, 2020. Airbus' Cabin Air Explanations during the Corona Pandemic – Presented, Analyzed, and
Criticized. Available from: http://purl.org/corona/M2020-06-19 (PDF)

For more related information see:
SCHOLZ, Dieter, 2020. Aviation Ethics – Growth, Gain, Greed, and Guilt. German Aerospace Congress 2020
(DLRK 2020), Online, 01.-03.09.2020. Available from: https://doi.org/10.5281/zenodo.4068009
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What Is the Hidden Strategy?
● When a strategy is hidden, only assumptions about it can be made. Here an attempt.
● Airbus has no new aircraft under development. Aircraft deliveries are down. Little work for

many employees. The know-how of the workforce needs to be maintained. Salaries need to
be paid. Government can help and pay (see previous pages).

● After the Corona pandemic the aviation world may look different. Business travel will be less,
because web meeting tools are in frequent use. Private travel may not reach the growth rates
as seen before.

● With a "zero emission" aircraft an argument is prepared...
o against possible political ideas to keep flying at low numbers close to those during the

Corona pandemic for environmental reasons,
o against any other political limitations or financial measures for environmental reasons,
o to convince passengers that flying is not that bad after all (against a bad conscience,

against flight shame or flygskam),
o to buy time and to continue as long as possible without futher political disturbance.

● The aircraft needs to be "zero emission" not because it is "zero emission", but because
anything less than that will neither convince politics nor passengers.

● This is why a technical debate about: "How much 'zero emission' is possible?" is
impossible!
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Requirements
m MPL 19256 kg 0%
R MPL 1510 NM 0%
M CR 0.76 0%
max(s TOFL , s LFL) 1770 m 0%
n PAX (1-cl HD) 180 0%
m PAX 93 kg 0%
SP 29 in 0%
Main aircraft parameters
m MTO 74200 kg 1%
m OE 48800 kg 18%
m F 6200 kg -53%
S W 124 m² 1%
b W,geo 34.3 m 0%
A W,eff 9.50 0%
E max 17.00 ≈ - 3%
T_TO 100 kN 12%
BPR 6.0 0%
h ICA 40000 ft 2%
s TOFL 1770 m 0%
s LFL 1450 m 0%
Mission requirements
R Mi 589 NM 0%
m PL,Mi 13057 kg 0%

m F,trip 2800 kg -39%
SS 0.0692 300%

Results

Parameter Value Deviation 
from A320Hydrogen Powered A320

 Reduced hydrogen mass due
to high mass energy density

 Stretched fuselage for
additional tanks du to low
volumetric energy density:
11 m

 In total: No improvement of the
Maximum Take-Off Mass
(MTOM)

 Steam reforming and electricity
mix: SS = +300%

 Electrolysis and electricity from
renewable sources: SS = -27%

energy
+31%

energy
+70%
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Equivalent CO2 Mass

CO2 NOx AIC

mCO2,e

q
CAERS, Brecht, SCHOLZ, Dieter, 2020. Conditions for Passenger Aircraft Minimum Fuel Consumption, Direct Operating Costs and 
Environmental Impact. German Aerospace Congress 2020 (DLRK 2020), Online, 01.-03.09.2020.
Available from: https://doi.org/10.5281/zenodo.4068135
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Aviation Emissions and Climate Impact 

RAPP, Markus, 2019. Perspektive: Wasserstoff & Hybride. Meeting: "Emissionsfreies Fliegen-wie weit ist der Weg?", Berlin, 13.11.2019

CO2: Long term influence
Non-CO2: Short term influence (immediate mitigation is possible)
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Species SGTPi,100

CO2 (K/kg CO2) 3,58 ∙ 10-14

Short O3 (K/kg NOx) 7,97 ∙ 10-12

Long O3 (K/NOx) -9,14 ∙ 10-13

CH4 (K/kg NOx) -3,90 ∙ 10-12

Contrails (K/NM) 2,54 ∙ 10-13

Contrails (K/km)
Cirrus (K/NM)
Cirrus (K/km)

1,37 ∙ 10-13

7,63 ∙ 10-13

4,12 ∙ 10-13

𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑁𝑁𝑁𝑁𝑁𝑁 (ℎ) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁3𝑠𝑠 ,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝑁𝑁3,𝑆𝑆(ℎ) +

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁3𝐿𝐿 ,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝑁𝑁3,𝐿𝐿(ℎ) +

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝐶𝐶4,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝐶𝐶𝐶𝐶4 (ℎ)

𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑠𝑠𝑠𝑠 (ℎ) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑠𝑠 ,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑠𝑠 (ℎ) +

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 ,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 (ℎ)

Species Emission Index, EI (kg/kg fuel)
CO2 3,15
H2O 1,23
SO2 2,00 ∙ 10-4

Soot 4,00 ∙ 10-5

Sustained Global Temperature Potential, SGTP (similar to GWP):

Altitude-Dependent Equivalent CO2 Mass

EI emission index
fNM fuel consumption

per NM or km
RNM range in NM or km
CF characterization factor

Cirrus/Contrails = 3.0

water vapor not considered

AIC aviation-induced
cloudiness
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Forcing Factor s = f(h)

Schwartz 2009 and 2011

Altitude-Dependent Equivalent CO2 Mass

E.g.:

● The curves go along with the ICAO Standard
Atmosphere (ISA) applicable for average lattitudes.
With a first approximation, the curves could be
adapted to other lattitudes by stretching and
shrinking them proportionally to the altitude of the
tropopause.

● The curves from SVENSSON 2004 (Fig. 1) show
similar shapes. However, the importance of AIC is
not yet as distinct.

SVENSSON, Fredrik, HASSELROT, Anders, MOLDANOVA,
Jana, 2004. Reduced Environmental Impact by Lowered Cruise
Altitude for Liquid Hydrogen-Fuelled Aircraft. In: Aerospace
Science and Technology, Vol. 8 (2004), Nr. 4, pp. 307–320.
Available from: https://doi.org/10.1016/j.ast.2004.02.004

𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑠𝑠𝑠𝑠 (ℎ) =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑠𝑠 ,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑠𝑠 (ℎ) +

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 ,100

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑁𝑁2,100
∙ 𝑠𝑠𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠 (ℎ)  
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Aviation-Induced Cloudiness: Contrail Cirrus & Persistent Contrails

(b) Aviation forcing components, of which aviation-induced cloudiness (AIC) account for more than half.
(c) Breakdown of AIC radiative forcing into contrail cirrus and persistent contrails.

KÄRCHER, Bernd, 2018. Formation and Radiative Forcing of Contrail Cirrus. In: Nature Communications, Vol. 9, Article Number: 1824. 
Available from: https://doi.org/10.1038/s41467-018-04068-0

Cirrus/Contrails = 4.0
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Schmidt-Appleman Criterion for Contrail Formation

G is the slope of the dotted line.
The dotted line is tangent to the water saturation line.

A steep dotted line (large G) means:
Contrails more often and also at lower altitudes.

Gierens 2008

water

ice

altitude

al
tit

ud
e

Fig. 1

GIERENS, Klaus, LIM, Limg, ELEFTHERATOS, Kostas, 2008. A Review of Various Strategies for Contrail Avoidance. 
In: The Open Atmospheric Science Journal, 2008, 2, 1-7. Available from: https://doi.org/10.2174/1874282300802010001
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Heating Value Q, Emission Index EI, and Slope G

fuel Q [MJ/kg] EIH2O [kg/kg] EIH2O/Q [kg/MJ] GH2/GJet-A1

H2 120 8,94 0,0745
2,58

Jet –A1 43 1,24 0,0288

The slope G of the dotted line is 2,58 times steeper in
case of LH2 combustion.This means: Contrails more
often and also at lower altitudes.

2,58 times more water vapor is produced with LH2
combustion compared to kerosene combustion (for
the same energy used).
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Calculation of the Emission Characteristics of Aircraft Kerosene 
and Hydrogen Propulsion – A Comparison with Primary Effects

The method from SCHWARTZ 2009 was applied and adapted.
Hydrogen combustion has 2.58 times more water emissions. If this
primary effect is applied to aviation-induced cloudiness (AIC) with
its line-shaped contrails and cirrus clouds, the equivalent CO2
mass would be 50% higher than for kerosene. Hydrogen flame
temperature is higher (without applying special technologies) and
as such NOx would be higher. It is assumed here that NOx are the
same as for kerosene. Results are calculated with an Excel table:
https://doi.org/10.7910/DVN/DLJUUK
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Calculation of the Emission Characteristics of Aircraft Kerosene 

and Hydrogen Propulsion – A Comparison with Secondary Effects 

 
Now secondary effects are applied on top of the primary effect for contrails due to 3.333-fold larger ice 

crystals (factor 0.774) and for increased coverage (factor 1.2) leading all together to a reduction factor of 

0.774*1.2 = 0.929. Note: This factor already includes the 2.58 for more water emissions. If the "2.58" are 

kept separately, the reduction factor is 0.358! The same factor is assumed for cirrus clouds. For NOx a factor 

of 0.35 is assumed due to lean combustion and low flame temperature. With that equivalent CO2 mass is 

now below that for kerosene propulsion. See Excel table: https://doi.org/10.7910/DVN/DLJUUK 
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Environmental Impact – Flying Lower 

“Neutral” mix of 50 – 50 
resource depletion and 
engine emissions

Clear altitude boundary 
from 𝑚𝑚𝐶𝐶𝐶𝐶𝐶,𝑒𝑒𝑒𝑒 visible

Fuel consumption 
shape visible

Fly low and slow

Units: normalized value between 0 and 1

0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8
3000 0,053 0,023 0,012 0,011 0,018 0,035 0,058 0,092 0,155
3500 0,062 0,027 0,012 0,008 0,013 0,026 0,047 0,078 0,135
4000 0,072 0,032 0,013 0,006 0,008 0,019 0,037 0,064 0,117
4500 0,083 0,038 0,015 0,005 0,005 0,013 0,028 0,052 0,100
5000 0,097 0,046 0,018 0,006 0,002 0,008 0,020 0,042 0,085
5500 0,114 0,057 0,025 0,009 0,003 0,006 0,016 0,035 0,074
6000 0,133 0,068 0,032 0,012 0,003 0,004 0,012 0,028 0,065
6500 0,155 0,083 0,041 0,018 0,006 0,004 0,009 0,023 0,057
7000 0,192 0,110 0,062 0,035 0,020 0,015 0,018 0,030 0,061
7500 0,231 0,140 0,087 0,054 0,036 0,029 0,030 0,039 0,066
8000 0,282 0,180 0,119 0,082 0,060 0,050 0,048 0,055 0,079
8500 0,349 0,233 0,164 0,121 0,095 0,082 0,077 0,082 0,103
9000 0,425 0,294 0,215 0,166 0,135 0,118 0,111 0,112 0,131
9500 0,502 0,354 0,265 0,209 0,173 0,153 0,142 0,141 0,157

10000 0,589 0,422 0,320 0,256 0,215 0,190 0,176 0,172 0,184
10500 0,675 0,481 0,364 0,289 0,241 0,211 0,193 0,186 0,196
11000 0,685 0,483 0,361 0,284 0,234 0,203 0,185 0,178 0,189
11500 0,769 0,535 0,394 0,305 0,247 0,211 0,188 0,178 0,186
12000 0,867 0,591 0,426 0,322 0,255 0,211 0,184 0,170 0,175
12500 1,000 0,677 0,485 0,364 0,285 0,234 0,201 0,183 0,184
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Mach number



AIRCRAFT DESIGN AND SYSTEMS GROUP (AERO)

Hochschule für Angewandte Wissenschaften Hamburg

Hamburg University of Applied Sciences

Zero Emission –
The New Credo in Civil Aviation

Internal:  Cabin Ventilation Against the Corona Virus
External: CO2, NOX, AIC

Dieter Scholz Hamburg University of Applied Sciences

German Aerospace Congress 2021 (DLRK 2021)
Online, 01 September 2021
https://doi.org/10.5281/zenodo.5919013

https://doi.org/10.5281/zenodo.5919013


German Aerospace Congress 2021
Online, 01.09.2021

Dieter Scholz
Zero Emissions

Page 4
Aircraft Design and Systems Group (AERO)

Internal Emissions:
Cabin Ventilation

Against the Corona Virus

Zero Emission – The New Credo in Civil Aviation

These slides summarize and extend a lecture from the DGLR local branch Hamburg. For a few more details see:

https://doi.org/10.5281/zenodo.5356568

https://doi.org/10.5281/zenodo.5356568
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HEPA Filter

Airbus A380, Emirates. Installing a new HEPA filter. High risk operation? 

Airbus A320, old HEPA filter

Internal: Cabin Ventilation Against the Corona Virus
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External Emissions:
CO2, NOX, AIC

Zero Emission – The New Credo in Civil Aviation

This is part draws from the HAW Report "Umweltschutz in der Luftfahrt" (Environmental Protection in Aviation). 
For many more details see:

https://nbn-resolving.org/urn:nbn:de:gbv:18302-aero2021-07-03.015

https://nbn-resolving.org/urn:nbn:de:gbv:18302-aero2021-07-03.015
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"Green Deal" (2050) and "Fit for 55" (2030)
External Emissions: CO2, NOX, AIC

The equivalent CO2 emissions (in
1000 tonnes or kt) of international
aviation in the EU are rising
continuously (red line). According to
the "Green Deal" of the EU, the to
45% of the 1990 value (by 2030)
(green line). Diagram created with
data from. EEA 2019
(https://perma.cc/2EZ6-DQBN)

https://perma.cc/2EZ6-DQBN
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The Carbon Cycle
External Emissions: CO2, NOX, AIC

● SAF need DAC (Direct Air Capure)
to compensate for CO2 ("cabon
cycle")

● In addition: SAF and BioFuel need
more DAC to compensate for the
global warming effect due to

o NOX and

o H2O (AIC)

Production of synthetic kerosene (e-fuel)
with power-to-liquid (PtL). Taking CO2
from the air (Direct Air Capture, DAC)
enables a carbon cycle.
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External Emissions: CO2, NOX, AIC

1.) 1 kWh of renewable energy ...
2.) ... can replace 2.5 kWh lignite in coal-fired power plants (efficiency 40%);
3.) This corresponds to 0.9 kg of CO2 (0.36 kg of CO2 for 1 kWh of energy from lignite *).
4.) ... converted into Sustainable Aviation Fuel (SAF) only 0.22 kWh remain (efficiency: 70% electrolysis, 

32% Fischer-Tropsch), 99% transport; https://perma.cc/BJJ6-5L74
5.) which save only 0.057 kg of CO2 (0.26 kg of CO2 for 1 kWh of kerosene *).

* UBA, 2016: CO2 Emission Factors for Fossil Fuels. https://bit.ly/3r8avD1

http://ptl.ProfScholz.de

Best Use Renewable Energy to Replace Coal Power Plants

https://perma.cc/BJJ6-5L74
https://bit.ly/3r8avD1
http://ptl.profscholz.de/
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Best Use Renewable Energy to Replace Coal Power Plants
External Emissions: CO2, NOX, AIC

1.) 1 kWh of renewable energy ...
2.) ... can substitute 2,5 kWh of coal (lignite, brown coal) in a coal power plant (efficiency of a coal power plant: 40%) this is 
3.) ... equivalent to 0.9 kg CO2 (0.36 kg CO2 for 1 kWh of energy burning lignite*) 
4.) ... but if used in an aircraft it generates LH2 with energy of 0.6 kWh (efficiencies: 70% electrolysis, 83% liquefaction & 

transport)
5.) LH2 aircraft consume (say) 10% more energy (higher operating empty mass, more wetted area); so a kerosene aircraft 

needs ...
6.) only 0.55 kWh, which can be substituted. This is equivalent to 0.14 kg CO2 (0.26 kg CO2 for 1 kWh of energy burning 

kerosene*).
7.) Note: Not considered is that hydrogen aircraft may come with higher non-CO2 effects than kerosene aircraft.

* UBA, 2016. CO2 Emission Factors for Fossil Fuels. Available from: https://bit.ly/3r8avD1

http://ptl.ProfScholz.de

https://bit.ly/3r8avD1
http://ptl.profscholz.de/
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Aircraft Fuel
Consumption –
Short Range
Not Efficient

Use the Train!

External Emissions: CO2, NOX, AIC

● Train is about 3 times more
energy-efficient (certainly on short
range)

● Train uses 50% Eco Electricity
Mix (factor 2)

● Aircraft Factor 3, because in
addition non-CO2 effects from:

o NOX and

o H2O (AIC)

● 3*2*3: aircraft is 18 times worse

Simple Calculation of Aircraft Fuel Consumption with Public Data:
See details: https://bit.ly/3mWHo6c

Fuel Consumption = (MTOW – MZFW) / (R . Seats) . 100 

R: Range at maximum payload, from payload range diagram (Document for Airport Planning).

Example calculation with Airbus A320neo:

2.2 kg per 100 km per seat =
(73500 kg – 62800 kg) / (3180 km . 150) . 100

Airbus A320neo 

https://bit.ly/3mWHo6c
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Industry Strategy  – Presented by InfluenceMap, 2021, June
External Emissions: CO2, NOX, AIC

https://perma.cc/82VC-KEBR

https://perma.cc/82VC-KEBR
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External Emissions: CO2, NOX, AIC

Airbus – Past Technology Timeline

https://perma.cc/RF4R-LS8R

1995-08-30

... but nothing happend!

https://perma.cc/RF4R-LS8R
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Technology Timeline  – Airbus' EU Briefing, 2021-02-09
External Emissions: CO2, NOX, AIC

https://perma.cc/2G6J-76DA

A hydrogen replacement of the A320 will NOT come before 2050!

https://perma.cc/2G6J-76DA
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Social Evaluation of the A380
Local Population

50 acres of orchards and 
several houses were 
destroyed: Preparation for the 
extension of the runway in the 
year 2006. In the foreground 
the village Neuenfelde.

https://perma.cc/2AYS-KALD 
https://perma.cc/NC8W-BAMC 

https://perma.cc/2AYS-KALD
https://perma.cc/2AYS-KALD
https://perma.cc/2AYS-KALD
https://perma.cc/NC8W-BAMC
https://perma.cc/NC8W-BAMC
https://perma.cc/NC8W-BAMC
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Source:
Infoboard next to the house Rosengarten 14, 21129 Hamburg-Neuenfelde 

before

after

Cultural Heritage
(Rosengarten) 

Social Evaluation of the A380
Local Population
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before

after

Social Evaluation of the A380
Local Population

Cultural Heritage
(Rosengarten) 

Source:
Infoboard next to the house Rosengarten 14, 21129 Hamburg-Neuenfelde 
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The extension of the 
runway in Hamburg-
Finkenwerder towards 
southwest is ready
(Google 2021) 

The extension of the 
rundway was paid by 
the city of Hamburg!

Social Evaluation of the A380
Local Population



https://www.fzt.haw-hamburg.de/pers/Scholz/Aero/Reports-at-AERO/FigureBV-NFC.png 1/1

Translation:

After several  lies, contracictions, various opinions/assessments 
and a fabricated "Worst Case Scenario" only one thing finally 
remained to Airbus:

The 410 t landing lie !

Background to the figure:

For a required landing field length (including reserves) even at 410 
t landing mass of the Airbus A380 (resulting in 1990 m) the 
available landing distance (LDA) of the old runway (2684 m) was 
sufficient at a displaced threshold of 478 m based on a 3.5° glide 
slope).

The runway extension forced in place against much local 
resistance was unnecessary.

Further reading:
Project (en): https://nbn-resolving.org/urn:nbn:de:gbv:18302-aero2021-12-16.012

Source:
Report (de): https://nbn-resolving.org/urn:nbn:de:gbv:18302-aero2022-03-15.018

https://nbn-resolving.org/urn:nbn:de:gbv:18302-aero2021-12-16.012
https://nbn-resolving.org/urn:nbn:de:gbv:18302-aero2022-03-15.018
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Community Engagement (Runway, Mühlenberger Loch, Hasselwerder Str.)

During a meeting on the farm of family Eck in Neuenfelde, village people discuss about their resistance against the 
extension of the runway and the destruction of the ecosystem of the river bay "Mühlenberger Loch" for Airbus.
(https://perma.cc/SP35-EH8W) 

Social Evaluation of the A380
Local Population

https://perma.cc/SP35-EH8W
https://perma.cc/SP35-EH8W
https://perma.cc/SP35-EH8W
https://perma.cc/SP35-EH8W
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https://perma.cc/SP35-EH8W
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https://perma.cc/SP35-EH8W
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G4 = 
 

G4 = 
 $  

https://doi.org/10.5281/zenodo.4068009

https://doi.org/10.5281/zenodo.4068009
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Definitions 

(Revenue) growth is the increase 
(or decrease) in a company’s sales from 
one period to the next. 
It shows trends in the business. 
 
https://www.business-literacy.com/financial-concepts/revenue-growth 

 

German: Wachstum (der Umsätze) 

G4 = 
  
G4 = 
 $   
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Definitions 

An exchange profit or 
a favorable stock price change 
leads to a gain. 
A profit is similar: the difference 
between revenues and expenses 
 
German: Gewinn 

G4 = 
  
G4 = 
 $   
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Definitions 

Greed: A selfish and excessive desire 
for more of something (such as money) 
than is needed. 
 
https://www.merriam-webster.com/dictionary/greed 

 

German: Gier, Habsucht 

G4 = 
  
G4 = 
 $   
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Definitions 

Guilt: the fact of having committed a 
breach of conduct especially violating 
law and involving a penalty. 
 
https://www.merriam-webster.com/dictionary/guilt 

 

German: Schuld 
  

The symbol  stands for the highest guilt, 

to have caused the death of a person. 

G4 = 
  
G4 = 
 $   
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Philosophy – Business Ethics 

G4  =  $   G4  =  $   

Business ethics regulates details of behavior that lie beyond governmental control 
(i.e. not controlled by laws and regulations). 
The opposite: "unethical business practice". It includes: 
• contract violation, 
• anticompetitive agreement to raise the price, 
• conspiracy against the public, 
• deceitful practices, 
• ... 
  
Danger to run into this negative sequence: 
 
Continuous growth to increase gain to satisfy shareholders expectations can lead to 
greed and to an ever more ruthless industry behavior accumulating guilt in the end.  
 

Infamous examples ... later. 
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Philosophy – Cascade of Obedience to the Law 

Possible hidden company policies related to legal responsibilities as 
part of business ethics: 
 

1) abide by the law, only if it is enforced to the detriment of the company 
2) abide by all law that is enforced (even if punishment is mild) 
3) abide by all law (enforced or not) 
4) abide by the law and the code of respectable businessmen 
 (German: Verhalten als "ehrbarer Kaufmann"). 

better behavior 
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Business Ethics Case Studies 
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Case Study: Ford Pinto (The Classic Case of CSR Failure) 

• The Pinto's design positioned its fuel tank between the rear axle and 
the rear bumper. 

• Ford Pintos were consumed by fire after low-speed rear-end collisions. 
• Engineers did a cost–benefit analysis: 
o Ford estimated the cost of fuel system modifications to reduce fire risks to be $11 per 

car across 12.5 million cars for a total of $137 million. 
o The design changes were estimated to save 180 burn deaths and 180 serious injuries 

per year, a benefit to society of only $49.5 million. 
o Therefore, nothing was done! 

• Ford was blamed for callously trading lives for profits. 
• Approximately 117 lawsuits were brought against Ford. 

 
https://en.wikipedia.org/wiki/Ford_Pinto Compare the following aviation Compare the following aviation 

cases with this "classic" one! 
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Case Study: Airbus – € 3.6 Billion Penalty Due to Bribery  

• "Airbus has agreed to pay a € 3.6 billion fine to settle multiple investigations from French, UK and US." 
• A "€ 3.6 billion penalty imposed through a deferred prosecution agreement to settle allegations of failure 

to prevent bribery in a number of commercial and military aircraft deals." 
• Airbus used third-party intermediaries, working on commission, to assist with sales campaigns. 
• Airbus admitted that “it could be excluded from government or other contracts for some time.” The 

company could take a major hit affecting aircraft sales and cash flow. "In the worst case, the total future 
revenue at risk could exceed €200 billion." 

• “We want this [fully-compliant policy] to be the norm and I observe that there are many, many regions of 
the world where the majority of players want to go in that direction” says Faury. 

• “We’ll make sure we are visible as a company working with compliance, with rules and regulations”. 
 
 
Sources: flightglobal.com: Archived at: https://perma.cc/MC88-BZUQ, https://perma.cc/U7Y8-GJSS  

       https://perma.cc/6F8V-ANTA, https://perma.cc/Z999-SB2W,  
   handelsblatt.com: Archived at: https://perma.cc/N85T-JUDF  



German Aerospace Congress 2020 
Online, 01.-03.09.2020 

Slide 20 
Aircraft Design and Systems Group (AERO) 

Dieter Scholz: 
Aviation Ethics – G4 

Case Study: Boeing – B737 MAX 

• In March 2019, the Boeing 737 MAX passenger airliner was grounded worldwide after 346 people 
died in two crashes on October 29, 2018 and on March 10, 2019. 

• In November 2018 Boeing revealed the MAX had a new automated flight control, the Maneuvering 
Characteristics Augmentation System (MCAS). Boeing had omitted any mention of the system from 
the aircraft manuals! 

• MCAS is activated by input from only one of the airplane's two angle of attack sensors, making the 
system susceptible to a single point of failure. 

• Transport Airplane Risk Assessment Methodology (TARAM): "if left uncorrected, the MCAS design 
flaw in the 737 Max could result in as many as 15 future fatal crashes over the life of the fleet"  

• Boeing was also already well aware, before the first crash, that if a pilot did not react to unintended 
MCAS activation within 10 seconds, the result could be catastrophic. 

• The grounding cost Boeing $18.6 billion in compensation to airlines and victims' families. 
 
 
Sources: Wikipedia    https://en.wikipedia.org (several pages) 
   Seattle Times  Archived at:  https://perma.cc/5KSP-BRZ9 (summary with further links) 
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Case Study: Lufthansa & Others – Delayed Ticket Refunds 

• The flight has long been paid for, but the plane never has because of the pandemic. Nevertheless, 
many customers have not received the ticket price refund for months. 

• Lufthansa has received nine billion euros in government aid. Aid money has also flown so that the 
customer money can be repaid! 

• If a flight is canceled, the company must repay the ticket price within seven days (EU Air Passenger 
Rights Regulation). 

• Apparently, Lufthansa wants to prevent drain of liquidity – even if it gets more expensive later in court. 
• Airlines have turned off its automatic reimbursement system. It was a simple process before Corona – 

the funds were booked back usually immediately after a flight cancellation. 
• The Federal Aviation Office (LBA) can impose fines for violations of the passenger rights directive (up 

to 30000 € per case) and even threaten to withdraw the operating license. 
• The LBA has initiated administrative offense proceedings against suspicious aviation companies. The 

proceedings are still ongoing. 
  
 
Source: WELT Online Archived at: https://perma.cc/HMK8-DVR8 



German Aerospace Congress 2020 
Online, 01.-03.09.2020 

Slide 26 
Aircraft Design and Systems Group (AERO) 

Dieter Scholz: 
Aviation Ethics – G4 

Other Unethical Issues 
• 2020: Lufthansa avoids tax payments in Germany with subsidiaries based in countries or territories that appear on the 

EU list of non-cooperative countries and territories for tax purposes. (https://perma.cc/MJ9P-NDX5) 
• 2020: Ryanair busted over misleading ‘low CO2’ claims. (https://perma.cc/4WLX-YEAF) 
• 2019: Airbus under pressure for not doing enough against "fumes that are making people sick". 

(https://perma.cc/7CC9-BGYZ) 
• 2017: Israel Aerospace Industries, IAI corruption scandal. (https://perma.cc/J7ZK-DEYG) 
• 2017: United overbooks. As a consequence it denies boarding or even drags passengers off the plane. 

(https://perma.cc/TVH9-ULTT) 
• 2017: Boeing's agressive anti-union campaign. (https://perma.cc/7KX9-GCZX) 
• 2015: Relatives accuse Lufthansa/Germanwings years after the crash of the Germanwings flight 4U9525 to avoid 

sufficient compensation payments. Compensation – 25000 € per victim and 10000 € each for close relatives because 
of the victims pain – would be insufficient. (https://perma.cc/C8ED-JLQ4, https://perma.cc/DA7A-LHD7) 

• 2012: Ryanair ordered to 'review' fuel policy after making three emergency landings because planes almost ran out of 
fuel. (https://perma.cc/S5BL-XW56) 

• 2006: Boeing to pay $615 million to end Pentagon scandals. Allegations that Boeing improperly acquired thousands of 
pages of proprietary documents from rival Lockheed Martin to help it win rocket contracts. (https://perma.cc/5DMZ-
988C) 

 
This is an excerpt from student 's results about ethical and unethical behavior in aviation. 
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Summary 

• There is a danger for companies to run into this negative sequence: "Continuous growth to increase 
gain to satisfy shareholders expectations can lead to greed and to an ever more ruthless industry 
behavior accumulating guilt in the end." 
 

• There is a cascade of obedience to the law. The aviation industry is far from abidance by the law and 
far from taking up the code of a respectable businessman. 
 

• The list of wrongdoing in the aviation industry is long: 
• bribery 
• trading lives for profit 
• avoiding payments: 

• tax, conpensation, refund, 
• lying about safety critical issues: 

• cabin air quality 
• cabin air ventilation / risk of an infection on board 

• making misleading claims 
• greenwashing 

 

 G4 =  $    G4 =  $   
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Recommended Reading 

The Guardian: 
"Boeing's Travails Show What's Wrong With Modern Capitalism" 
(https://perma.cc/2AFL-B5G3) 

"Boeing used its political connections to monopolize the 
American aerospace industry and corrupt its regulators."  

"After the merger [with McDonnell Douglas], the engineers 
lost power to the financiers." 

"Far from being an anomaly, Boeing is the norm in the 
corporate world across the west." 

"Today, high profit margins are a pervasive and corrupting 
influence across the government and corporate sectors." 

"Policymakers have to increase competition for large powerful companies, to bring profits down. 
Executives should spend their time competing with each other to build quality products, not finding ways 
of attracting former generals, or administration officials to their board of directors." 
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info@ProfScholz.de 
 

http://www.ProfScholz.de 
 

Contact 

Aviation Ethics – Growth, Gain, Greed, and Guilt 
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