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Executive Summary 
Being a heavily fossil-fuel dependent mobility sector with growing demand, aviation is 
increasingly contributing to anthropogenic climate change, especially on a per passenger basis. 
At the same time, global climate targets on reducing emissions and emitting net-zero CO2 in 
2050 also challenges aviation to decarbonize. However, so far no viable technological 
alternatives are available to achieve this. More research is therefore needed, not only on the 
technologies themselves, but also on their environmental integrity, their social acceptance, their 
economic viability and political feasibility. 
 
Calling for more research, two master students at ETH Zurich (ETHZ) submitted a proposal to 
the ETHZ executive board in fall 2018 in collaboration with several professors calling for more 
interdisciplinary research on how to decarbonize aviation by 2050. The initiators were 
subsequently invited to further develop their “Initiative on the de-Carbonization of Aviation 
(ICNA)”. Next to extended desk research on activities at other universities in the area, a series 
of interviews with experts at ETHZ, government, NGOs and industry was conducted (n=21) in 
order to explore 1) in what areas is there a need for more research in order to decarbonize 
aviation and 2) how and where could ETHZ contribute to closing these knowledge gaps.  

Most of the interviewed experts perceived synthetic fuels based on renewable energy as one of 
the most promising technological measures. Major challenges are described as being 
technological and economical scalability as well as the climate impact of non-CO2 emissions. 
Efficiency improvements in airplane design and operations as well as offsetting emissions are 
described as a required part of the solution. However, these measures were also said to buy 
time but not solving the dependency on fossil fuels. Biofuels were discussed controversially; 
conflict in land-use was often mentioned. According to most interviewees, electrification is not 
a promising path for long-haul flights and not the most efficient for short-haul either. Some 
interviewees described demand management as the most effective way to reduce emissions 
from aviation and resource consumption globally. 

Looking at the expert interviews, a holistic approach of research and teaching on the 
decarbonization of aviation appears seems to be reasonable and in demand. ETHZ could be a 
place for integrating diverse perspectives and giving research and teaching an institutionalized 
stand in a vibrant scientific environment. 

After having talked to all the experts individually, the findings of this background report will 
be discussed at a workshop. The goal is to critically reflect and to develop a common 
understanding of how exactly ETHZ could work towards the vision of researching how to 
decarbonize aviation together with the institutions present at the workshop.  
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Background and Motivation 
Climate change poses a serious challenge to aviation. Politically agreed climate targets imply 
the (net) elimination of all greenhouse gas (GHG) emissions in just 31 years from now.2 
Meanwhile, emissions from aviation are substantial and growing and only a very small fraction 
of the world’s population is affluent enough to fly. In Switzerland, aviation fuel accounts for 
over 25% of fossil fuel used across the mobility sector.3 Over time, aircrafts and airline 
operations have become dramatically more efficient. Increasing demand, however, has 
overcompensated efficiency gains by far and air-passenger numbers are expected to double in 
the next 15 to 20 years.4 

In response to the Paris Agreement, the aviation industry agreed on ensuring carbon neutral 
growth from 2020 on, through the emission compensation system CORSIA.5 While a step into 
the right direction, CORSIA does not sufficiently address the underlying problem of the 
aviation industry: its heavy dependence on fossil fuel.  

For various reasons, the aviation sector lags behind other sectors, such as car transport, in terms 
of technologies for complete elimination of GHG forcing. Currently, the only large-scale 
option to reduce emissions from aviation is managing demand. There is a great need for better 
understanding of which technologies and measures can contribute to the decarbonization of 
aviation.  

That’s why in Fall 2018 two masters students of ETH Zürich (ETHZ), Oskar Jönsson and 
Simon Wahl, wrote an ETH+ proposal together with 7 professors, that called for more research 
at ETHZ on this topic with the following vision:  

«Build an interdisciplinary body at ETHZ that is committed to research on how to decarbonize 
air travel by 2050» 

The proposal was welcomed by the ETHZ executive board and the initiators received funding 
for further developing the idea. Next to desk research, 21 experts from ETHZ, government, 
NGOs and the private sector were interviewed. The main objective of these interviews was to 
explore 1) in what areas is there a need for more research in order to decarbonize aviation and 
2) how and where could ETHZ contribute to closing these knowledge gaps.  

This report summarizes the findings from this process and constitutes the basis for the 
workshop on the 14th of October 2019, at which these findings and open questions will be 
discussed in more detail. In the following, we also provide a brief overview on methodology 
In the annexes of this report, answers of the ETHZ-internal interviewees are summarized in 
more detail.  

                                                
2 https://www.ipcc.ch/sr15/   
3 Bundesamt für Energie (2018). Schweizerische Gesamtenergiestatistik 2017. Bern, Switzerland.   
4 https://www.iata.org/pressroom/pr/Pages/2017-10-24-01.aspx    
5 https://www.icao.int/environmental-protection/Pages/A39_CORSIA_FAQ2.aspx 
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Methodology 
Desk research 

The desk research carried out for this background report was mainly deployed to identify 
universities with research and teaching programs in the field of decarbonization of aviation. It 
was carried out in a team by using online search engines, looking for relevant terms. Some 
research groups were identified from reading relevant scientific literature, which was carried 
out while writing the proposal in fall 2018. It should be mentioned, that due to the limited non-
systematic approach and English-language search only, the list of universities active in the field 
of researching how to decarbonize aviation is likely to be incomplete. 

Expert interviews 

The expert interviews were sampled with a snowball principle, starting with desk research and 
(contacts of) ETH members. Interviewees were selected on the basis of his or her role as an 
agent of a certain discipline, sphere or level of qualification - connected to aviation and/or 
decarbonization/sustainability in general. The interview partners can count as experts, 
relational to the field of problem.6  

ETH-external experts came from various Swiss industries connected to aviation as well as 
representatives from a federal office and an NGO. ETH-internal experts came from D-GESS, 
D-ITET, D-MAVT, D-MTEC, D-USYS, ETH Sustainability, the Energy Science Center, and 
the ETH Mobility Platform. The whole list of interviewees can be found in the Annexes. Just 
as with the desk research, a more systematic approach as well as more time and personnel 
resources would have resulted in a more holistic picture. However, we judge that the 21 people 
interviewed, and their different backgrounds provide sufficiently diverse perspectives for this 
background paper. 

All expert interviews were semi-structured, i.e. involved an interview guideline.7 The latter 
was prepared by the research team based on the desk research. For ETH-external experts it 
includes the four categories business perspective, climate policy perspective, technology 
perspective and ETH value added. For ETH-internal experts the interview guide covers the 
categories ongoing and future research activities, partnerships and links to carbon neutral 
aviation, as well as most promising technologies and critical areas of research.  

The expert interviews were usually conducted in an oral form during meetings, in some 
occasions during calls. Twice, the interview guide was answered in written form due to time 
constraints. In most cases, two or more members of the research team were present, taking 
notes. In all cases, these notes were reviewed by the interviewee to ensure the correctness of 
the content. The analysis of the expert interviews was conducted in the research team, through 
paraphrasing and categorizing.8   

                                                
6 A.Bogner. Experteninterviews: Theorien, Methoden, Anwendungsfelder. Wiesbaden:Verlag für Sozialwissenschaften,2009 
7 A. Przyborski and M. Wohlrab-Sahr. Qualitative Sozialforschung: ein Arbeitsbuch. München: Oldenbourg, 2014 
8 P. Mayring. Qualitative Inhaltsanalyse: Grundlagen und Techniken. Weinheim: Beltz, 2015 
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Summary of Findings 

Current state activities and research 

In the following, the results from desk research and the interviews are summarized, starting out 
with an overview of the current research landscape relating to the decarbonization of aviation.  

Technical improvements and funded research projects around aircraft technologies are covered 
by a number of universities; see Table 2 in the Annexes. Alternative fuels are also an addressed 
topic at universities in the U.S. and Europe. Table 1 in the Annexes includes a few universities 
and information about their research in alternative fuels. Accordingly, their output is reflected 
in an increasing number of scientific papers covering the issue. Please find a categorization of 
all articles published in the International Journal of Sustainable Aviation9 since 2014 in the 
Annexes (Figure A1). 

On a more political level, several networks and frameworks shape discussion and research. The 
Air Traffic Management Framework of the EU was established in 2004 and has the aim of 
improving the efficiency of air travel.10 Another EU framework is CleanSky acting as a hub 
between more than 600 entities across Europe. Its aim is fostering aviation technologies with 
the slogan of “Capacity demand + eco-awareness = a need for better technologies”.11 The 
initiative Climate-KIC of the European Institute of Innovation & Technology (EIT), as a body 
of the EU, is aiming on the identification and the support of innovations helping the society to 
mitigate and adapt to climate change, working as a network to connect academia, businesses, 
the public, and non-profit sectors. 12 

Most of the ETH internal interviewees report interest in research on the decarbonization of 
aviation or its sustainability more in general. ETH research projects that are already existing 
and directly linked to the decarbonization of aviation include solar kerosene production, leaner 
combustion by reducing thermoacoustic instabilities and new design of combustion chambers 
as well as a PhD project systematically assessing possible alternative energy carriers for 
aviation. Furthermore, multiple professorships conduct research on several aspects related to 
the decarbonization of aviation. In Table 3 in the Annexes an overview of ongoing and future 
research as well as partnerships of interviewed professors and actors at ETH is available.  

There is a large potential for future collaboration between the different fields, as the current 
research areas ETH are rather diverse, ranging from research on very specific technologies and 
material characteristics to more systemic approaches.   

All ETH external interviewees reported that their activities are strongly affected by policies, 
like emission standards and other environmental regulations. These have generally contributed 
to improve the environmental sustainability of aviation.  While economic efficiency arguments 

                                                
9 https://www.inderscience.com/jhome.php?jcode=ijsa 
10 https://ec.europa.eu/transport/modes/air/ses_en 
11 https://www.cleansky.eu/aviation-0 
12 https://www.climate-kic.org/who-we-are/what-is-climate-kic/ 
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are most important, public pressure and policies were mentioned as important drivers for 
technological innovation to make aircraft more efficient. Furthermore, they stressed the 
importance of taking an international approach when dealing with aviation, since the industry 
is highly mobile on a global scale. 

Topical areas for research to decarbonize aviation 

The desk research led to a categorization of measures that contribute to decarbonization of 
aviation. These are ordered according to their popularity with the interviewees (see Figure 1 
below): synthetic fuels (power to fuels), efficiency improvements in airplane design/technology, 
demand management, carbon offsetting through negative emissions, efficiency improvements 
in operations, biofuels and the electrification of aviation on short-haul and long-haul distances, 
respectively. 

 

Figure 1: Number of interviewees with negative/positive perception of the respective measure 

Figure 1 shows the perception of the interviewee about these technologies. The rating is 
positive or negative depending on the perception of the participants regarding the feasibility of 
the technology implementation or the expected effect on aviation and the climate. If there was 
no clear preference given by the interviewee, the technology received neither a negative nor a 
positive value. 

Most experts perceived synthetic fuels as one of the most promising technological measures. 
Some experts see it as the most feasible way to improve the climate impact of aviation through 
keeping the current system for aircraft operations and making the fuels as carbon neutral as 
possible. A challenge of synthetic fuels is the scalability for economic and technological 
reasons and strict safety regulations. Also, non-CO2 emissions are only insufficiently taken 
care of (possibility to reduce soot and sulfur, but not water vapor), which is why some see 
synthetic fuels as a bridge technology only. 

Efficiency improvements in airplane design and technology are seen as another important 
technological measure. However, the incentive to make aircraft more efficient always been 
around and resulted in significant efficiency gains, which is why it appears questionable how 
much more can be achieved this way. Furthermore, several interviewees mentioned that 
efficiency improvements only buy time but do not solve the underlying problem, which is the 
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current dependency on fossil fuels. A radical redesign of aircraft and the connected propulsion 
technologies was not thoroughly discussed. 

For some interviewees, demand management is the only way to reduce emissions from aviation 
and more generally, resource consumption globally. It is perceived as the theoretically simplest 
way to prevent emissions, yet it depends on how demand reduction is achieved (marked based 
approaches vs. command and control by the state) and how good alternatives exist (e.g. virtual 
reality solutions to physical meetings). Interestingly, there were also industry representatives 
that found current airfare prices and the correspondingly high demand problematic. 

Carbon offsetting through negative emissions was seen as an inevitable measure which must 
be applied in any case to restrain global warming, but also described as merely shifting the 
problem away from the aviation sector. Related technologies like carbon capture and storage 
(CCS) was not criticized by anyone directly, however, public acceptance for storing carbon 
underground was questioned. 

Biofuels were discussed controversially. They might show a better performance with non-
carbon emissions compared to fossil fuels and could be third generation biofuels based on 
algae. By many interviewees, however, they are questioned for causing land-use changes and 
potentially not having a climate benefit if the full life cycle is examined. 

Most interviewees do not see the electrification of aviation as a promising way to decarbonize 
aviation, mainly due to the low energy density of batteries. Especially long-haul flights seem 
to be impossible in the near future. Some experts see a possible opportunity for the 
electrification of short-haul flights. While perhaps technically feasible, others argue against it, 
as a less carbon intensive yet competitive alternative exists with trains. Hybrid-systems were 
sometimes deemed more promising than pure electrification, but these were not systematically 
discussed in the interviews. 

As part of analyzing the interviews, the research team distilled more areas of research deemed 
to be interesting and necessary for the decarbonization of aviation by the interviewees: 
Challenges and controversies around strategies of how to achieve the decarbonization of 
aviation constitute topics that apparently should be investigated in more depth. 

Open questions are what strategies for the aviation sector to adapt to climate change exist and 
what they cost. Another research question is how to scale up an innovative technology while 
facing economic inefficiency (no price on carbon), missing (investment in) infrastructure or 
public support. Furthermore, public acceptance of solutions needs to be assessed as progress 
made, e.g. by a technology, could lead to a misjudged potential and problems during 
implementation. Also mentioned were political and economic mechanisms to phase out fossil 
fuels and phase in alternatives, respectively. It remains controversial whether these should be 
based on reward or punishment, taxes or quotas. The climate effects of non-carbon emissions 
and direct air pollution emerged as other important fields of research. Understanding and 
finding ways to initiate behavioural change regarding demand were also mentioned as an 
important field of research.  
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This list is of course not exhaustive. It is not our intention to preclude here what critical areas 
of research remain – and which should be given a research priority. This prioritization 
constitutes a central issue to be addressed during the workshop. 

Possible ETHZ contribution 

The work surrounding the first proposal submitted in December 2018 showed that there is 
already a considerable amount of research being done at ETHZ in the area of the 
decarbonization of aviation, albeit mostly in an indirect manner. ETHZ does not have a 
tradition in aeronautics. Correspondingly, there is also not much teaching offered in the area. 
Furthermore, current research is largely uncoordinated with limited cooperation across 
disciplines. The interviews with the internal stakeholders further corroborated these findings. 
At the same time, interviews with ETHZ-internal as well as ETHZ-external experts revealed 
that there is an interest to do more research on the decarbonization of aviation.  
 
In the original proposal, the vision is that research groups at ETHZ collaborate on 
interdisciplinary projects in an institutionalized structure, intended to contribute to research on 
the decarbonization of aviation. Potentially this could include one or two new professorships; 
teaching would also be expanded, perhaps even with a masters curricula.  
 
External interviewees were asked in an open question how they would see ETHZ best 
contribute to decarbonization of aviation. Specific measures such as new professorships, mid-
career continuing education or master programs were not discussed in detail. However, the 
latter was perceived to be less important than the former two. An often-mentioned aspect was 
that the topic needs to be assessed in a holistic manner, integrating technological, economic, 
environmental and societal perspectives and how these perspectives are reflected in 
policymaking. Furthermore, a collaboration between industry, other interested parties (such as 
government or NGOs) and science was seen as important in order to do relevant research and 
facilitate mutual learning.   
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Synthesis and Outlook 

Looking at the expert interviews, a holistic approach of research and teaching on the 
decarbonization of aviation appears reasonable and in demand.  ETHZ could be a place for 
integrating diverse perspectives and giving research and teaching an institutionalized stand in 
a vibrant scientific environment. 

Decarbonization of the aviation sector is very timely topic. While several universities run 
special (research) programs related to decarbonization of or sustainable aviation more 
generally, many challenges still remain. The private sector has also been exploring various 
options for decarbonization yet are also looking actively for support from policy and 
collaboration with academia. A holistic research endeavor, looking at the issue from all 
possible perspective while bridging industry and science, was not found during the preparation 
of this report.  

What critical areas of research are – and to which should be given priority at ETHZ – remains 
central questions to be addressed during the workshop. This report aims at informing 
participants. To that end, experts were asked to judge several measures for decarbonize aviation 
and highlight knowledge gaps. 

Diverse measures to decarbonize aviation in just 31 years carry many open questions and bring 
along challenges. Their implementation opens even more research areas - for example: climate 
impact of non-CO2 emissions, comparisons of technologies including public acceptance, costs 
of various decarbonization strategies of the aviation sector, ways to upscale innovations, the 
structure of political and socio economic mechanisms to phase out fossil fuels as well as nature 
and consequences of behavioral change on demand. 

Current research areas at ETHZ linked to the decarbonization of the aviation are rather diverse. 
We see a great potential for future collaboration between different disciplines and competences 
and in particular also with the private sector.  

A comprehensive research project, including more capacities, would be able to discuss more 
fundamental questions. To ask for example for reasons of our mobility or global justice go 
beyond this background document but are not less important.  

For now, this report passes on to participants of the workshop the following questions 1) What 
research is most needed to decarbonize aviation? 2) Where and how could ETHZ contribute to 
closing knowledge gaps and educate future experts for decarbonized aviation? In an interactive 
setting, we aim to bring various stakeholders and experts together. The workshop results, along 
with the findings of this report could lead to another proposal to the executive board of ETHZ.    
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