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Refuelling the transition to net zero emissions in the aviation 
sector
Teodora Serafimova1, Matthias Finger2

Sustainable aviation fuels (SAFs) are widely seen as the most promising avenue to decarbonise a significant portion of the 
aviation industry, particularly in the long-haul segment. In this article, we argue that if it is adequately designed and 
implemented the ReFuelEU Aviation Initiative could kick- start the European SAF market by fostering a reduction in SAF 
production costs with economies of scale and technological advances. But since SAFs alone cannot be considered a silver bullet 
their uptake will have to be accompanied by complementary and coherent efforts concerning other policy levers, such as carbon 
pricing, energy taxation and air traffic control, among others.
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Introduction

The record-high temperatures and droughts that 
characterised the European summer of 2022, cou-

pled with the subsequent devastating floods in Pakistan, 
are yet another stark reminder underscoring the need for 
urgent action to tackle the global climate emergency. The 
aviation sector, the emissions of which have ceaselessly 
grown over the past decades, requires particular attention 
given the technical challenges involved in decarbonising 
it. Whereas zero emission technologies are likely to con-
tinue to be beyond the aviation sector’s reach in the next 
decades, especially when it comes to long-distance flights, 
sustainable aviation fuels (SAFs) are only available in lim-
ited quantities today and face important questions linked 
to upscaling. However, the newly found consensus, in-
cluding within the industry, on the need to reach net zero 
emissions by mid-century could offer fertile ground for 
the development of an ambitious regulatory framework to 
foster the uptake of SAF-powered and alternative aircraft 
technologies. In this article, we take a closer look at the 
European Commission’s Fit for 55 Package published in 
July 2021 and argue that if they are adequately and coher-
ently designed and implemented the proposals contained 
within it could provide a step change bringing us closer to 
achieving Europe’s 2050 climate neutrality objectives by 
internalising the external costs of aviation, kick-starting 
the SAF market and thereby breaking the sector’s 100% 
reliance on fossil fuels. 

Decarbonising aviation: “It’s not possible” – “No, it’s 
necessary” 

The European Green Deal aims to transform Europe into 
the world’s first climate-neutral economy by 2050. In the 

1 Research Associate, Florence School of Regulation – Transport Area, 
European University Institute, teodora.serafimova@eui.eu
2 Professor and Deputy Director, Florence School of Regulation – Trans-
port Area, European University Institute, matthias.finger@epfl.ch

transport sector, this vision translates into an obligation 
to collectively reduce greenhouse gas (GHG) emissions 
by 90% compared to 1990 levels by mid-century, with all 
modes contributing. In its more recent Fit for 55 Package, 
the European Commission proposes a substantial overhaul 
of its climate, energy and transport-related legislation with 
a view to putting Europe on track to reducing emissions 
by 55% by 2030. Achieving these objectives poses a par-
ticular challenge for hard-to-abate sectors such as aviation, 
which have a limited number of readily available greening 
options at their disposal today and the emissions of which 
have stubbornly continued to grow in recent decades. 

To illustrate this, while fuel use and efficiency in aviation 
have improved by as much as 80% since the dawn of mass 
air travel (i.e. since the arrival of the Boeing 747 during the 
1970s), these efficiency gains have been largely outpaced 
by the exponential growth in air traffic and emissions (the 
so-called ‘rebound effect’).3 Despite major investments in 
engine technology to improve fuel-burning efficiency, no 
major changes are expected in aircraft configurations until 
at least 2037.4 

Prior to the COVID-19 pandemic, aviation was one of 
the fastest-growing sources of GHG emissions, directly 
accounting for about 3% of the EU’s total emissions and 
more than 2% of global emissions. Although these may 
appear to be mere fractions of total emissions, the sector’s 
estimated contribution to climate change more than dou-
bles if the non-CO2 impacts (i.e. those stemming from the 
release of nitrogen oxides, water vapour, sulphates and soot 
particles at high altitudes) are accounted for.5 Despite their 

3 Finger, M., Montero-Pascual, J. J. and Serafimova, T. (2021), Na-
vigating towards the decarbonisation of European aviation, Policy 
Briefs, 2021/53, Florence School of Regulation, Transport. 
4 Oncarbon, 11 key takeaways from the IPCC report for travel indus-
try (2022), https://oncarbon.app/articles/ipcc-report-2022, accessed 
17/10/2022.
5 EASA (2020), Updated analysis of the non-CO2 climate impacts of aviation 
and potential policy measures pursuant to the EU Emissions Trading System 
Directive Article 30(4), 2020. 
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significance, to date these remain unregulated by any trea-
ty or agreement. Although emissions from international 
air travel fell by 45% in 2020 compared to 2019 and avia-
tion still faces an uncertain post-COVID-19 recovery, the 
International Energy Agency expects aviation to return to 
2019 levels in three years and then to continue to grow.6 
It goes without saying that such a scenario would be in-
compatible with EU climate neutrality ambitions and calls 
for deep transformations across the entire aviation value 
chain.

In recent years, we have observed a broad consensus 
emerging in the aviation industry, civil society, consumer 
and worker representation groups, and policymakers on 
the need to decarbonise the aviation sector in line with the 
European Green Deal objectives. The European aviation 
industry has demonstrated its commitment to achieving 
net zero carbon emissions through various roadmaps, in-
cluding its Destination 2050. More recently, this consen-
sus has also crystallised on a global scale: in October 2022, 
representatives of 184 States endorsed a global aspirational 
goal to reach net zero carbon emissions in aviation by 2050 
at the Assembly of the International Civil Aviation Or-
ganisation (ICAO) in Montréal, Canada. While this con-
sensus provides a momentous opportunity to introduce 
an ambitious regulatory framework for decarbonisation, it 
is also true that aviation has sustained a particularly pro-
found and prolonged blow as a result of the COVID-19 
pandemic. This, in turn, has severely impeded the sector’s 
to invest in greening technologies. Against this backdrop, 
the precise technologies and policy mix to achieve net zero 
emissions in aviation continue to be subjects of debate. 

The development of disruptive zero-emission propulsion 
technologies, such as electric and hydrogen-powered air-
craft, will have an instrumental role to play in decarbon-
ising the sector while contributing to the industry’s future 
competitiveness. Their introduction will, however, neces-
sitate major changes in the entire air transport system in 
terms of requiring the production of novel aircraft, chang-
es to airport infrastructure, airlines, air traffic management 
(ATM) and energy networks. While regional short-haul 
routes may host such aircraft by as early as 2035 and are, 
in fact, already providing an important testing ground for 
their development, it is likely to be a couple of decades be-
fore we see widespread commercial deployment on longer 
routes. 

6 Oncarbon, 11 key takeaways from the IPCC report for travel indus-
try (2022), https://oncarbon.app/articles/ipcc-report-2022, accessed on 
17/10/2022.

However, decarbonisation does not have a couple of dec-
ades to spare. In recognition of this, and given the absence 
of a silver bullet to cut aviation emissions, the EU is pur-
suing a ‘basket of measures’ in parallel. Although addition-
al fuel efficiency improvements can be achieved today by 
means of introducing more modern aircraft designs and 
improving ATM and operational procedures (e.g. flying 
more direct routes), low-carbon sustainable aviation fuels 
(SAFs) are widely seen as the most promising avenue to 
decarbonise a significant part of the aviation industry, par-
ticularly in the long-haul segment. Long-distance flights 
(over 4,000 km) account for the lion’s share of aviation 
emissions (half of all CO2 and NOx emissions)7 and con-
stitute the segment where modal shift policies will have a 
limited role to play. 

SAFs: great greening potential coupled with great bar-
riers 

In the short and medium term, an effective market in-
jection of SAFs will constitute a central measure to reduce 
aviation-related GHG emissions on a large scale. Unlike 
disruptive zero-emission technologies, SAFs are so-called 
‘drop-in fuels,’ which means that they can be blended into 
the existing fuel supply and are fully compatible with con-
ventional aviation turbine fuel, refuelling infrastructure 
and aircraft.8 Despite their identical technical properties, 
conventional kerosene and SAFs differ significantly when 
it comes to environmental performance. In addition to 
their significant GHG emission savings potential, SAFs 
such as electro-fuels and advanced biofuels can have a posi-
tive impact on both air quality around airports and climate 
change by reducing the formation of contrail-cirrus clouds 
and therefore the non-CO2 impacts of aviation.

Despite an enormous potential, SAF penetration rates 
stand at around 0.05% of total EU aviation fuel use to-
day. This can be attributed to the fact that SAF prices are 
roughly 3 to 5 times higher than those of conventional 
fossil jet fuel.9 This should be put against the backdrop of 
conventional fuel costs already making up a major portion 
(ca. 20-30%) of airlines’ total operational expenditure in 
what is a spending-cautious aftermath of the pandemic. 
The combination of these factors acts to discourage in-

7 European Union Aviation Safety Agency (2022), European Aviation 
Environmental Report 2022.
8 Pechstein, J., Bullerdiek, N. and Kaltschmitt, M. (2020), A “book and 
Claim”-Approach to account for sustainable aviation fuels in the EU-ETS – 
Development of a basic concept, Energy Policy, Volume 136, 2020.
9 Montero-Pascual, J. J., Finger, M. and Serafimova, T., (2022), Short- and 
mid-term covid-19 effects on the aviation sector: a competition law perspec-
tive, Policy Briefs, 2022/08, Florence School of Regulation, Transport.
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vestment in commercial production plants, which in turn 
is a key pre-condition for reducing SAF production costs 
through economy of scale effects and technological learn-
ing.10 To complicate things further, conventional jet fuel is 
tax-exempt, which exacerbates competition between SAF 
and conventional kerosene. Besides the prohibitively high 
price differentials, the burdensome and costly SAF approv-
al and certification procedures constitute another major 
obstacle to SAF market introduction. 

The Fit for 55 Package: an opportunity to kick-start 
the European SAF market

Promotion of renewable and sustainable transport fuels 
in the EU has been primarily regulated by two main piec-
es of legislation, the Renewable Energy Directive and the 
Fuel Quality Directive. Neither of these directives, howev-
er, contain provisions obliging the use of SAFs or incentiv-
ising increased use of them. Moreover, existing aviation-re-
lated instruments at the European (e.g. aviation taxes, the 
EU Emissions Trading System) and at the international 
(i.e. CORSIA) levels have fallen short of adequately bridg-
ing the economic gap between sustainable and conven-
tional aviation fuels. The state of in-sector decarbonisation 
underscores the need for policy intervention to overcome 
the technical and economic barriers to wide-scale SAF de-
ployment.11

In recognition of this, the Commission’s Fit for 55 Pack-
age puts forward three concrete proposals which could 
drive the achievement of Europe’s 2050 net zero objectives 
for aviation by increasing the cost of conventional kero-
sene and kick-starting the SAF market. These include the 
ReFuelEU Aviation proposal, which mandates the supply 
and uptake of SAFs at European airports, a proposal for a 
kerosene tax via revision of the Energy Taxation Directive 
and, not least, a proposal to strengthen the EU Emission 
Trading System (ETS) by phasing out free allocation to 
airlines. 

Under the ReFuelEU Aviation proposal, all aircraft refu-
elling at EU airports will be required to uplift a set percent-
age of SAFs blended with kerosene. This percentage will 
progressively scale up over time, starting with 2% in 2025 
and going up to at least 63% by 2050. Since electro-fuels 

10 Bullerdiek, N., Neuling, U. and Kaltschmitt, M. (2021), A GHG reduc-
tion obligation for sustainable aviation fuels (SAF) in the EU and in Germany, 
Journal of Air Transport Management, Volume 92, 2021. 
11 Pavlenko, N. (2021), An assessment of the policy options for driving 
sustainable aviation fuels in the European Union, Briefing, The International 
Council on Clean Transportation, 2021. 

are considered to have the highest decarbonisation poten-
tial, a dedicated sub-target is included in the proposal to 
de-risk and promote their introduction in the market. The 
mandate applies to all fuel sold in the EU and therefore 
covers all flights, including departing long-haul flights. 
This makes the ReFuelEU proposal a first of its kind, given 
that previously adopted decarbonisation instruments only 
covered flights within the bloc. If the SAF mandates are 
met net CO2 emissions could be about 50% lower in 2050 
than in 2019.12

…but careful design and implementation will be key

Nevertheless, and although the proposal is still being 
debated by national governments and the European Par-
liament, concerns have been voiced on various fronts, no-
tably regarding the level of environmental ambition, the 
potential risk of competitive distortion and that of carbon 
leakage resulting from increasing cost differentials between 
flying from EU hubs and non-EU-hubs. 

First, when it comes to the level of ambition, the two most 
contentious issues revolve around the percentage of SAFs 
to be mandated and the question of what exactly the term 
‘SAFs’ should cover. Whereas in its initial formulation, the 
proposal foresaw a blending mandate of 5% in 2030, re-
cent studies and industry commitments have shown that 
by 2030 SAF production levels can realistically increase to 
as much as 10% of total EU jet fuel demand. This claim 
has enjoyed support from national governments and in-
dustry alike. In fact, 60 companies in the value chain, in-
cluding 20 airlines, have already committed to achieving a 
10% SAFs blend by 2030. For instance, the International 
Airlines Group (IAG) and Ryanair have respectively com-
mitted to using 10% and 12.5% SAF by 2030.13 Indi-
vidual countries, including Norway (30% SAF blending) 
and Sweden (27% GHG reduction), have also introduced 
more ambitious mandates by 2030.14

Although it is feasible, a 10% SAF blending mandate by 
2030 would necessitate a number of supporting measures, 
such as preferential feedstock access for the aviation sector 
and a solid long-term policy framework to support both 
airlines and SAF production itself. Growing attention will 
also have to be paid to interactions and possible tensions 

12 European Union Aviation Safety Agency (2022), European Aviation 
Environmental Report 2022.
13 Ibid. 
14 International Energy Agency, Aviation Reports; https://www.iea.org/
reports/aviation, accessed 15/10/22.
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with other transport modes and sectors. Increased demand 
for SAFs may drive competition between multiple sectors 
for the scarce feedstock that makes up these low-carbon 
sustainable fuels, namely in the road transport sector. 

There are also differing views regarding what advanced 
and waste biofuel feedstock should be considered accept-
able to meet SAF targets. Policies will have to strike the 
right balance between being sufficiently ambitious, on the 
one hand, and setting realistic policy targets which are 
grounded in an assessment of feedstock availability and 
technology deployment, on the other. Moreover, to sup-
port the development of a SAF industry that is based on 
truly sustainable and low-carbon fuels the introduction of 
strict eligibility criteria for SAFs will be necessary to ensure 
that policy and financial support goes to fuels that offer 
meaningful GHG reductions. In doing this, the ReFue-
lEU Aviation proposal will have to ensure parallel objec-
tives linked to tackling deforestation, biodiversity loss and 
increasing food prices are not compromised. Such criteria 
will also be central to building confidence among investors 
and producers that investments in projects and technolo-
gies in the next decade can contribute to decarbonisation 
objectives long after 2030.

The second highly debated issue concerns the potential 
risk of competitive distortion, which would result from the 
fact that non-EU operators flying via non-EU hubs would 
not be confronted with the same fuel cost increase and, 
in some cases, with no cost increase at all. The incentive 
to circumvent EU hubs, where the SAF mandate applies, 
and therefore to use less efficient flight routings could risk 
undermining part of the CO2 emission savings achieved 
by the Fit for 55 proposals. This, in turn, would be ex-
acerbated by the fact that the current proposal does not 
foresee an adequate mechanism to mitigate the threat of 
fuel tankering, i.e. the practice of uplifting excess cheap 
fuel at one airport so as to avoid purchasing more expen-
sive fuel at another regulated airport.15 Under the current 
proposal, fuel providers would be obliged to supply the 
fuel at the airports affected, and airlines would only be in-
directly regulated when they purchase the more expensive 
SAF blends. 

As the inclusion of SAF is expected to increase aviation 
fuel costs, it is anticipated that fuel tankering may increase 
over time. By 2035, tankering could occur on almost 80% 
of international flights to and from EU airports, reduc-

15 Rutherford, D., Sola Zheng, X., Graver, B. and Pavlenko, N. (2021), 
Potential tankering under an EU sustainable aviation fuels mandate, Working 
Paper 2021-19, International Council on Clean Transportation.

ing SAF sales by 22% at EU airports and increasing sys-
temwide fuel use by 0.9%. Since competitive distortion 
mainly derives from a limited number of countries such 
as the UK, Switzerland, Turkey and the UAE, the adop-
tion of similar greening measures by these countries could 
help to partially mitigate tankering risks. A greater ICAO 
ambition of a global SAF target to complement its long-
term aspirational goal would be one means of mitigating 
competitive distortions and providing a clear signal to 
support investment in SAFs and alternative propulsion 
technologies. Other international mechanisms, such as Air 
Service Agreements (ASAs), could help to foster alignment 
on greening regulations and furthermore determine traffic 
flows to and from non-EU countries. For instance, in or-
der to mitigate potential carbon leakage risk, environmen-
tal criteria provisions could be included in bilateral ASAs 
between EU Member States and external countries. Alli-
ances, both public and private, must be built to convince, 
and perhaps even support, the rest of the world in embark-
ing on the same decarbonisation journey.

A systemic approach and coherence with other policy 
instruments 

Nevertheless, SAFs alone cannot be considered a silver 
bullet to decarbonise aviation. Aviation fuel policy on its 
own can reduce emissions only so much without comple-
mentary and coherent efforts regarding other policy levers, 
such as carbon pricing, energy taxation and air traffic con-
trol, among others. Careful design and coherence of all 
aviation legislation will be central to reducing investment 
risks while ensuring that the right incentives and a level 
playing field for all aviation players, from airlines to air-
ports, ATM and ground handlers, is guaranteed. 

Besides the need to ensure a strong demand signal 
through the regulatory framework, SAF production will 
require significant public financial support, which is esti-
mated to amount to roughly €120 billion over 15 years.16 
This support is required to both reduce the risks for pri-
vate investors and decrease the cost gap between SAFs and 
conventional jet fuel. Coherent design and implementa-
tion between the SAF mandates and other aviation in-
struments, notably the EU ETS and the Energy Taxation 
Directive, could help to bring about price parity between 
kerosene and SAFs more quickly by accelerating the phase-
out of free allowances for aircraft operators and removing 

16 Finger, M., Montero-Pascual, J. J. and Serafimova, T. (2021), Navigating 
towards the decarbonisation of European aviation, Policy Briefs, 2021/53, Flo-
rence School of Regulation, Transport.
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the tax-exempt status of kerosene. Conversely, the sale of 
ETS aviation allowances could be one means to generate 
a sufficient pool of funding to support first-of-a-kind SAF 
projects and scale up the industry.17 Another means could 
be allocating part of the overall amount of ETS allowances 
free of charge to the ‘early-mover’ airline operators uplift-
ing SAFs. Moreover, expanding the scope of the EU Tax-
onomy Regulation to include the sale and lease of more 
environmentally efficient aircraft and the manufacture of 
aircraft powered by SAFs could help to attract both public 
and private green finance to the sector.18

SAFs will eventually give way to zero-emission aircraft, 
namely battery-electric and liquid hydrogen driven ones. 
In parallel with securing the right regulatory and finan-
cial framework for SAFs, investment will therefore be nec-
essary to develop new aircraft concepts and a whole new 
energy system. With this in mind, airports will have to be 
equipped with dedicated storage and refuelling infrastruc-
ture to support the deployment of alternative aircraft tech-
nologies. Whereas EU lawmakers have hesitated to propose 
binding hydrogen and electric charging facility targets for 
airports, given the lack of certainty over how the technol-
ogy will develop, the ReFuelEU Aviation proposal could 
encourage their development by including electricity and 
hydrogen in its sub-target for synthetic electro-fuels. 

Nevertheless, it is probably unrealistic to believe that 
the ambitious decarbonisation objectives can be achieved 
without any reduction in demand. The higher costs of new 
fuels and green technologies will inevitably shift some de-
mand to cleaner transport modes, such as railways, which 
enjoy the lowest emissions per kilometre and unit trans-
ported in Europe. Although demand management is not 
an EU objective per se, it could well be a side effect of its 
policies if the cost of flying increases with more expensive 
fuels and higher ETS bills. High energy prices are like-
ly to lead to a rise in the price of all goods and servic-
es, which will impact European households’ capacity to 
travel as a whole. Besides punitive measures, investment 
will be needed to support alternative travel options such 
as high-speed trains. In the case of Italy, we have seen that 
improved frequency and connections on the Rome-Milan 
route coupled with the low cost of high-speed rail enabled 

17 Pavlenko, N. (2021), An assessment of the policy options for driving 
sustainable aviation fuels in the European Union, Briefing, The International 
Council on Clean Transportation, 2021.
18 Neiva, R., Horton, G., Pons, A., Lokesh, K., Casullo, L., Kauffmann, 
A., Giannelos, G., Ballesteros, M., Kemp, M. and Kusnierkiewicz, N., 
(2022), Investment Scenario and Roadmap for Achieving Aviation Green 
Deal Objectives by 2050, Research for the TRAN Committee, European 
Parliament, 2022.

by competition between train companies, have significant-
ly reduced the shares of air and road travel. 

The provision of transparent and reliable information has 
also proven its role in changing social norms around con-
sumption decisions, including travel decisions. While some 
airlines and travel agencies already disclose the footprints 
of their products, getting the entire sector to follow suit 
calls for obligations to provide environmental information, 
including on flight and alternative mode emissions, to po-
tential consumers. Labelling schemes could be another im-
portant instrument, although ensuring their effective im-
plementation and avoiding greenwashing will necessitate 
third-party verification tools and mechanisms. Not least, 
the transition to net zero emissions in aviation will have to 
be done in a socially just manner taking into account the 
vast differences in air transport demand between nations 
and individuals, considering regional specificities and the 
contributions of very frequent fliers, premium class travel 
and private jets.19 

Conclusions

Being one of the most technically difficult sectors to de-
carbonise, aviation does not have the privilege of picking 
and choosing its decarbonisation technologies and path-
ways. An entire ‘basket of measures’ will be paramount to 
cater to various segments of the market, from the deploy-
ment of SAFs and zero-emission aircraft technologies to 
improvements in ATM and operational procedures, more 
efficient aircraft design coupled with accelerated fleet re-
newals and market-based measures such as the EU ETS 
and CORSIA. Achieving climate neutrality by 2050 in line 
with the European Green Deal objectives will necessitate 
an ambitious and holistic approach involving all stake-
holders in the aviation value chain and beyond to acceler-
ate solutions to enable greener operations. 

SAFs will play a central role in the decarbonisation of 
vast portions of the aviation sector already in the short- to 
medium-term given their suitability for use by the existing 
global fleet and with the existing fuel supply infrastructure. 
The ReFuelEU Aviation Initiative will shape the develop-
ment of the European SAF sector and could become an 
important part of the policy landscape for decarbonising 
European aviation by fostering a reduction in SAF produc-
tion costs through economies of scale and technological 
advances. Additional economic incentives by market-based 

19 Gössling, S. and Lyle, C. (2021), Transition policies for climatically sustai-
nable aviation, Transport Reviews, 41:5, 643-658
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measures and the elimination of tax exemptions for jet fuel 
could further accelerate bridging the price gap between 
SAFs and conventional kerosene. Punitive measures will 
have to be complemented with significant public finan-
cial support and incentives to scale up SAF production in 
Europe. While SAFs will be the main decarbonisation av-
enue pursued for the long-haul segment in the immediate 
future, they should be viewed as a transitional fuel which 
will eventually give way to disruptive zero-emission aircraft 
fuelled by electricity or hydrogen. Bearing this long-term 
perspective in mind, the necessary infrastructure invest-
ments will have to be safeguarded with financial and policy 
instruments put on the table today. 

Up until the moment SAFs have become commercially 
available on a large scale, some shifts to cleaner modes such 
as railways are likely to be needed. This should be further 
encouraged by means of investment in high-speed rail and 
night train connections, information and awareness-rais-
ing campaigns empowering consumers to compare travel 
options on the basis of environmental footprints and to 
subsequently opt for the cleanest ones. 
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