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Executive Summary

To bring Europe’s aviation industry in line with our climate goals, binding measures have to go hand in
hand with a smarter approach to corporate travel. That is the key finding of T&E’s revised Roadmap to
Decarbonising European Aviation, which we are publishing at a crucial time for the aviation industry as
it struggles to address its ongoing climate problem.
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That problem needs only a
few facts and figures to
underline its seriousness.
Aviation traffic in Europe
grew 67% between 2005 and
2019 and its emissions by
24% (see Fig. E.1), meaning
they now represent 4.9% of
the bloc’s pre-Covid total [1].
And that just covers the CO,
effects - more on the non-CO,
effects below. The climate
@ Cars © Light Dutytrucks @ Heavy Duty Vehicles @ 2-Wheelers problem  of ﬂying is very
much a wealthy European
one - if everyone on earth
flew like the wealthiest 10%
of Europeans do, aviation
would emit 23 GtCO, per
year, two thirds of global CO,
emissions in 2019.
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Figure E. 1: EU27+UK indexed transport emissions, 1990 to 2020.

How can we solve such a problem? Thankfully much has changed since we published our first version of
this Roadmap in 2018. Progress in science and technology, and lessons learned throughout the
pandemic mean there now exists a credible path to reduce aviation emissions before 2030, and
eliminate its climate impact by 2050.

Such a pathway starts with not making the problem worse: we need to act urgently to prevent a rapid
increase in aviation emissions post-pandemic. The two pillars to such an approach are an end to airport
expansion in Europe, which has driven much of the growth in emissions, and reduction in corporate
travel to 50% of pre-Covid levels. That reduction in corporate travel can cut CO, emissions by as much as
32.6 MtCO, by 2030.

This possibility for reduced corporate travel stems from what was learned from the pandemic. While we
missed the connection that aviation brought, we also found new ways to work and stay in touch. Many

companies were still able to continue their projects, maintain connections with customers and even
grow.
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This new approach to corporate travel means being smarter about how we work and how we connect.
As our economic relations become ever geographically broader, the idea of sending workers to the four
corners of the planet looks increasingly outdated and inefficient. Demand management is no longer a
taboo subject - the IEA highlights the important role that even a limited reduction in flying can achieve,
with a 12% reduction in flights cutting emissions by as much as 50%][2].

The measures to achieve such a reduction will be an interplay between actions by large corporate flyers
and actions by governments. Large corporate flyers can confirm, and in fact some already are
confirming, that they won't return to pre-Covid levels of travel. Corporate climate commitments should
be transparent about how they intend to reduce flying. However, governments should respond to such
falling demand, not with continued subsidies to prop up a return to pre-Covid demand, but with a
downward revision of forecasts for future growth, and recognising that the sector can and should be
smaller. Governments and other public bodies should equally cut back on their own carbon intensive
travel.

But demand reduction, though it provides by far the biggest source of emission reductions this decade,
won't by itself be enough to get us to climate neutral aviation by 2050. To get there, we need a range of
measures and policies to take the climate impact out of aviation. Our Roadmap is thorough in the
measures and policies it considers.

First, it examines the role that technological and operational efficiency improvements can play. After all,
it’s often said that the greenest energy is the energy we don’t use. However the problem for aviation is
that demand-led growth has always outstripped efficiency improvements. This gap will only worsen as
our Roadmap finds that efficiency improvements are becoming harder to achieve.

The second major policy we look at is better pricing of aviation emissions and ending the sector’s
outrageous tax exemptions. In 2022, there is no justification for why airlines should be allowed to buy
fossil jet fuel tax free, and why the majority of Europe’s aviation emissions should be exempt from the
EU’s increasingly effective carbon pricing mechanism.

There are plenty of policies which can rectify this under-pricing of aviation, and finally internalise its
negative externalities. These include fossil jet fuel taxation, EU ETS, ticket taxes and minimum pricing.
The Roadmap’s modelling puts a price of €165 per tonne of CO, on all European aviation emissions by
2030, including flights departing from Europe not currently covered by EU ETS. Various legal and
political barriers exist to achieving such a price on all emissions, but that doesn’t undermine how
essential it is to reduce aviation emissions this decade. Whether regulators overcome those barriers will
be a measure of our seriousness in addressing aviation’s climate problem. If they don't, the problem will
be even harder--if not impossible--to solve.

Next, we looked at the role that revolutionary aircraft fuelling technologies, which have attracted much
attention, can play in reducing aviation’s climate impact. Airbus have certainly breathed new life into
this debate, with their latest attempt to develop a hydrogen aircraft. They are joined by a range of new
actors who are producing designs and models of electric and hydrogen aircraft. The emission reduction
potential appears greater with hydrogen aircraft, but with them challenges abound, both technological
and economic.
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The question is less whether these aircraft can be developed, but rather when. Given the need for the
sector to deliver immediate emission reductions, new aircraft, introduced in the 2040s, will arrive too
late. To unlock any potential for these aircraft, we need a full-scale industrial strategy matched with
ambitious binding regulations. The experience from accelerating electrification of road transport is that
government regulations are essential to help ensure new technologies are developed and deployed. The
aviation sector is no different in this regard. And by speeding up the deployment of these new
technologies, we can protect and enhance the competitiveness of Europe’s crucial aeronautics industry.

But with “traditional” jet engines set to continue to be in operation for decades to come, we need
policies to switch from their fossil jet fuel to near-zero carbon alternatives, such as sustainable aviation
fuels (SAFs). Doing so remains the core policy to ultimately decarbonise aviation and reduce its non-CO,
effects. However, our Roadmap confirms that scaling up new fuels is no easy task. Biobased alternatives
either compete with food and forestry, or have limited feedstocks.

More promising is the use of e-kerosene, produced from green hydrogen, with additional renewable
electricity and with CO, captured from ambient air. When we published our first Roadmap in 2018, the
possibilities of this fuel were not well known. Now European regulators have proposed an e-kerosene
mandate, and production is (very) slowly beginning.

It’s progress, but not fast enough. And we know that the incredible amounts of renewable electricity
needed to decarbonise all of aviation with this fuel will be impossible to produce any time soon. Under
scenarios where the sector grows unchecked, with a reasonable level of passenger demand it could
consume up to 24% of European renewable electricity in 2050.

As we work to solve aviation’s CO, problem, we also need to solve its non-CO, problem. These non-CO,
effects aren’t new or unknown, as some would have us believe. The IPCC have been reporting on these
effects since the 1990s. However, too many vested interests have preferred to pretend otherwise, and
have swept this problem under the rug.

This has been bad news for the climate, as we know that these non-CO, effects can have a greater
warming impact than the CO, effects of flying. There is no shortage of potential measures: from the use
of SAFs, to changing fossil kerosene refining, to aircraft rerouting, to pricing mechanisms. Our Roadmap
outlines the pros and cons of each, but makes it clear that regulators must act now. An easy place to
start is to mandate lower aromatics in fossil jet fuel - it’s good for the climate, good for air quality, and
would even be good for airlines, given the higher energy density of such fuel. But that alone won't be
enough - we also need to look at rerouting flights to avoid atmospheric conditions especially conducive
to contrail formation.

These policies need to be matched with the right finance mechanisms, which will steer funding away
from expanding aviation and towards greening it. We can’t afford another decade where hundreds of
billions of euros go into jet aircraft, but only millions go into new fuels. Investors must be put on notice
that pouring billions into a carbon intensive sector carries huge risk.
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Demand management is the
most effective means to
reducing emissions this
decade, but if regulators
adopt ambitious mitigation
policies now, it can be
overtaken in time by
solutions such as
alternative  fuels and
zero-emission aircraft (Fig.
E.2). Our Roadmap finds
that mitigation measures
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measures to be put in place
now, with a start having
been made with the EU’s
“Fit for 55” package, and
promised measures in the
UK.

Figure E.2: EU27+UK aviation emissions up to 2050 -
decarbonisation forecast.

But these measures need to be strengthened for both CO, and non-CO, effects, and industry has to
understand that its future survival depends on whether technology can overtake demand management
as solutions to aviation’s climate problem. Industry needs to get behind the binding policies to support
such measures, otherwise demand management will only accelerate to the point where the future of the
industry is in doubt. This Roadmap outlines a credible path to a European aviation industry which is
aligned with our collective climate ambition. If we succeed in implementing these pathways, both our
aviation industry and our climate will benefit.
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1. List of acronyms

ASA Air Service Agreement

CTP Climate target plan

DAC Direct air capture

EC European Commission

EIB European Investment Bank

EIS Entry into service

ETD Energy Taxation Directive

ETS Emission Trading Scheme

GWP Global warming potential

H, Hydrogen

HSR High-speed rail

ICAO International Civil Aviation Organisation

ISSRs Ice-supersaturated regions

MRO Maintenance Repair and Operations

PtL Power-to-liquid

RFNBO Renewable fuels of non-biological origin

RPK Revenue passenger kilometres

SAF Sustainable aviation fuels

SES Single European sky

TTW Tank to wheel

uco Used cooking oil

UNFCCC United Nations Framework Convention on Climate
Change

VAT Value-added tax

WTT

Well to wheel




2. Introduction

Aviation’s climate impact is now widely known - in Europe, the sector is responsible for 3.7% of the bloc’s
emissions, up from 1.4% in 1990. Fig. 1 shows the growth of transport CO, emissions in the EU27 and UK
(called EU27+UK in the remainder of this report), indexed from 1990. The increase in aviation emissions
has only ever been slowed by international crises: in 2009 by the financial crisis, and most recently by the
Covid-19 pandemic. Aviation emissions in 2019 were more than double those in 1990, with the 1990s
showing the fastest decade of growth at 63%. In the nine years before the pandemic, aviation emissions
grew by 24%. Moreover, the warming effect of these emissions is even greater when the non-CO, effects of
flying are included [1].
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Figure 1: EU27+UK indexed transport emissions, 1990 to 2020.

Though these numbers are accepted, what’s less accepted is the reasons for why, pre-Covid, they were
growing at such a fast rate. Some common reasons given are that more people want to fly, and so there
are more emissions as a result, and that aviation is a sector that’s ‘difficult to decarbonise’. There’s a grain
of truth to both of these reasons, but they are also exaggerated. Understanding why gives us a better
understanding of what steps we need to take.

A growth in passenger numbers, here in Europe and elsewhere, is certainly a reason for the growth in
aviation emissions. However, that growth in passenger numbers is itself the result of government policies
which promote the continued growth in demand. Keeping aviation jet fuel tax free [2], prohibiting the
introduction of VAT on tickets [3], free allowances under the EU Emissions Trading Scheme (EU ETS) [4],
support for airport expansion and subsidies for loss-making airports all contribute to artificially cheap




tickets, which result in more people taking more flights. As long as governments continue to subsidise
fossil-intensive flights, this growing trend in emissions will only continue.

Instead of better pricing aviation emissions to reduce demand, or putting in place effective measures to
decarbonise the sector, governments have instead left flights largely untaxed and emissions largely
unregulated. The approach taken to date has been to work through the UN’s aviation agency, the
International Civil Aviation Organisation (ICAO), to adopt measures to reduce the sector’s climate impact.
Two decades of effort have resulted in an ineffective CO, efficiency standard, and an offsetting scheme
that has lost all credibility in the face of repeated weakening of its rules [5].

What the sector therefore needs is an urgent and effective suite of measures to arrest its alarming growth
in emissions, and to ensure the deployment of new fuels and technologies to put it on the path towards
zero climate impact by 2050 at the latest. This report details what these measures should be, and makes
the case for their urgent adoption.

2.1. What has changed

Since T&E published its Roadmap to Decarbonising Aviation in 2018, much has changed in the aviation
world and in climate policy. In presenting that Roadmap, T&E first had to make the case that flying was a
major climate problem, and that regulation at European level was urgently needed to address that
problem. The case for both is now clear.

2.2. How Europe has changed

One of the key changes since 2018 is Europe’s strengthened commitment to ambitious climate action.
Europe has now committed to net-zero emissions by 2050 for all parts of its economy, including aviation.
It has been joined by other major emitters in adopting such a target. The European Parliament and
European Commission in office since 2018 have started our path towards a zero-emission Europe with a
European Green Deal.

Central to that Green Deal’s success is whether all parts of the economy and society contribute. Political
support will disappear if car manufacturers and farmers are expected to transform their industries but
aviation is left untaxed and its emissions unchecked. However, there are some signs that the aviation
industry recognises that much more needs to be done.

2.3. How industry has changed

Perhaps it is the Covid-19 crisis, and the generous aid which came with it [6], which has upended industry
calculations. But even before the crisis, there were some signs that industry was evolving, with a number
of actors committing to more ambitious climate action. At the start of 2021, most of Europe’s aviation
industry came together to adopt their own path to zero emissions by 2050 [7].




In supporting net zero, industry has also called for support through European regulation. Long gone is
industry’s belief that a single global measure, led by the UN’s sclerotic aviation agency, would act as a
silver bullet. Industry knows that relying on a scheme is a one-way ticket to more customers walking
away from flying [5]. Which brings us to the second big change from 2018.

2.4, How the consumer has changed

Even before Covid-19 grounded much of the aviation sector, the world had been introduced to the word
“flygskam”, Swedish for “flight shame”. Often mistranslated as “flight shaming”, the movement is in fact
an example of the public taking matters into their own hands: if industry won’t decarbonise, if
governments won’t force them to cut emissions, then the public will walk away. After all, in many cases,
flying is a luxury and not a necessity. That Swedish movement has already contributed to the closure of
one airport in the country [8].

This reality was brought home when Covid-19 struck. Businesses (and even us NGOs) who long relied on
city-hopping conferences and face-to-face contact learned to adapt. Suddenly, all that flying didn't seem
so essential. In fact, we not only found ways to remain as productive, but also found ways to be more
efficient and even focus on our employee wellbeing. And if flying remains as carbon intensive as it is
today, more and more people, for business and leisure, will see flying as an avoidable luxury. Certainly,
we now have a greater understanding of the benefits that cutting those long-haul flights can have.

2.5. Science catches up

The science doesn’t change, but our understanding of it does. We’ve known the substantial climate
impact from aviation’s CO, emissions for a long time, but we now have a better understanding of flying’s
non-CO, effects, and the science is clear that they exceed the already substantial CO, warming effects.
This is especially true for long-haul flights.

Our 2018 Roadmap was more cautious, calling for further examination and research. However, with
further scientific evidence, we can be much clearer: regulators need to start introducing measures, such
as rerouting and fuel treatment, in order to urgently cut these non-CO, effects.

2.6. But some things haven’t changed

For all the tumult of recent years, some things haven’t changed. Firstly, the aviation sector still needs to
rapidly develop zero-emission drop-in fuels. There have been an increasing number of announcements
made about new zero-emission aircraft and this Roadmap will highlight the role they can play under the
right circumstances. However, aviation’s existing fleet, and the fleet rolling out of factories, will need to
burn something other than fossil jet fuel, and that something needs to be developed now.

Secondly, the aviation sector remains one of Europe’s most important industries. When the crisis hit, few
called for the sector to be allowed to go under. Aircraft manufacturing is one of the jewels of European
industry. Our airlines have played an important role in connecting the continent.




As other sectors accelerate their decarbonisation, aviation risks being left out and left behind. For those
of us who want a successful aviation industry, this is a major threat. However, with enough ambition, and
determined political will, the aviation sector can join the path to decarbonisation, too. This Roadmap
outlines how that can take place.

2.7. How to read this report

This report is divided into two parts. Part | contains our forecast for the sector, including baseline
growth and the application of a range of scenarios and measures to bring down the sector’s CO, and
non-CO, emissions. Where necessary, those measures are detailed in that section. Part Il examines
the mitigation measures in detail, examining why we propose different measures.




3. PART I: FORECAST

4. Decarbonisation forecast
4.1. Methodology

T&E’s 2018 aviation emissions forecast drew on aviation activity growth forecasts from the 2016 European
Reference Scenario [9] to project total outbound EU27+UK aviation emissions up to 2050. It modelled the
application of a range of measures to reduce conventional fuel demand through technical and
operational efficiency, next-generation aircraft and carbon pricing. It then focused on how to decarbonise
the remaining fuel demand through the use of sustainable aviation fuels (SAFs) such as advanced biofuels
and synthetic e-fuels (power-to-liquid, also known as e-kerosene).

This work draws on our previous forecast. The scope was kept to flights departing from within the EU28,
now the EU27+UK, as the UK is a major contributor to European aviation emissions and it will implement
its own version of the measures we modelled in this forecast (carbon pricing including its own version of
the ETS, zero-emission aircraft mandates, etc.). We updated the traffic projections to 2050 with the latest
data available, taking into account the effect of the Covid-19 pandemic. We also deepened the modelling
of aircraft that could enter the fleet in the next decades, including electric and hydrogen aircraft. Finally,
we modelled policies to reduce post-pandemic business travel and manage leisure travel demand after
recovery from the pandemic. Full details of the modelling approach can be found in Appendix A.

In the following sections, we will detail the different mitigation measures we propose and their
abatement potential by 2050. Section 4.6 contains a summary of the results and the assumptions used for
the modelling.

4.2, Baseline emissions

We derived baseline emissions by first calculating the emissions in a hypothetical “no-action” scenario in
which no improvement in aircraft fuel burn would happen until 2050, and then modelling ambitious but
achievable improvements in fuel efficiency.

4.2.1. Reference scenario without fuel efficiency improvements

Reference emissions were derived using aviation emissions reported to the UNFCCC up to 2019 as a
starting point'. We projected future emissions up to 2050 using the International Air Transport
Association's (IATA) short-term (post-Covid) forecast’ and the long-term yearly increase rate in CO,
emissions derived in the European industry report “Destination 2050” i.e. 2.2% [10, 11]. This figure
excludes any improvement in aircraft fuel burn until 2050. This is not a realistic view of the future, but sets
a reference for the forecast against which to compare alternative scenarios and policies. The result is that
reference aviation emissions are projected to grow by 94% from 2019 to 2050, reaching 367 MtCO, as can
be seen in Fig. 2.

! UNFCCC aviation emissions are based on fuel sold in Europe and thus include cargo and passenger emissions
2 At the time of writing, the EU Reference scenario 2020 had not been published, hence the use of IATA
projections
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Figure 2: EU27+UK aviation emissions up to 2050 - reference and emissions after fuel efficiency
improvements

4.2.2. Improvements in fuel efficiency from technology and operation

The design and deployment of more efficient aircraft and engines can play an important role in reducing
fuel demand from the sector. We will take a closer look at the main technological innovations that are
likely to be developed in the next decades in Section 7. To predict annual fleet efficiency improvements,
we used the EU reference scenario 2016 prediction of 41% efficiency improvement® between 2010 and
2050, and actual figures monitored by Eurocontrol from 2010 to 2017 [12]. Taken together, these
correspond to a compound improvement rate of 1.1% per annum from 2017 to 2050. Fuel efficiency from
2010 to 2050 is shown in Fig. 3.

*In terms of fuel burn per passenger.km (L/pax.km)
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Figure 3: Forecasted fleet fuel efficiency from 2010 to 2050

In this improvement rate, we include ameliorations in aircraft and engine technology, load factor and
aircraft size optimisation, as well as operational improvements. As will be explained in Section 7.1,
incremental fuel efficiency improvements are becoming more and more difficult as technology advances.
In the last 22.5 years, corresponding to the average aircraft life cycle [11], the fuel efficiency of new
aircraft has improved by only 0.9% per annum, whereas it had improved by 1.8% in the previous cycle
[13]. Load factors can still be optimised but are already well above 80%, hence the limited room for
improvement. Similarly, increasing the average number of seats per aircraft has some limited potential
[11]. Finally, Single European Sky (SES) and other operational improvements could bring up to a 5%
emissions reduction according to “Destination 2050” [11]. However, modelling of operational
improvements often fails to take into account potential rebound effects that negate the expected
improvements, such as an increase in traffic due to reduced congestion at airports or from the increased
passenger demand for cheaper tickets that airlines can offer due to the reduction in operational costs.

This 1.1% per annum would be at the more ambitious end of what we expect is possible, but our
forecasting envisages a situation where governments adopt an ambitious range of measures to
encourage both new designs and their deployment. It corresponds to 110Mt CO, abated per year in 2050,
or 30% of reference emissions. Emissions after technological and operational improvement are
calculated to be about 258 MtCO, in 2050, a 36% increase compared to 2020 (see Fig. 2). This figureisin
close agreement with the results of the “Destination 2050” report, for which technological improvements
were modelled more granularly. In the remainder of this section, we refer to emissions after efficiency
improvements as “baseline emissions”. Such technological and operational improvements are
challenging, and will require a suite of measures adopted at both national and European levels to be
achieved. If we fall short, the challenge to decarbonising aviation will grow even greater.

4.3. Demand management and carbon pricing

With the exceptions of the recession of 2000 and the financial crisis of 2008, EU aviation traffic had
increased steadily for more than three decades before the Covid-19 pandemic. Between 2005 and 2019,




European traffic increased by 83%* (in Revenue Passenger Kilometres (RPK)) as more people travelled
longer distances. This resulted in an uncontrolled growth in emissions which should not be allowed to
resume after the pandemic. For this, reducing or capping passenger demand will be key because
zero-emission fuels and aircraft will not be ready at scale before the 2030s. In this forecast, we look at
business travel reduction and leisure travel management measures (i.e. a cap) to achieve this, and the
effect that they would have on emissions up to 2050.

4,3.1. Carbon pricing

Contrary to other industries, aviation has been exempted from most fuel and carbon taxes until now. As
will be discussed in Section 6, it is essential for aviation to start paying a fair price for its pollution, and
this will have multiple benefits: incentivising design and operational efficiency, curbing demand, and
encouraging the uptake of low carbon fuels. The two main pricing levers considered in this forecast are
the inclusion of all flights departing from the EU in the ETS and the introduction of fuel taxation similar to
that applied to fuels in the road transport sector.

The EU ETS currently covers only intra-EU flights, and part of the allowances are given freely, therefore
European aviation pays for only a small share of its emissions, i.e. 18% of intra-EU+outbound emissions
according to our estimation. On the positive side, the EU ETS has finally become more effective and EU
ETS prices have briefly risen to €100/tCO, at the time of writing. We modelled what would happen if 100%
of emissions were paid for starting in 2024. The EU ETS price is assumed to reach €100/tCO, by 2030, as
predicted by some researchers [14], and €200/tCO, by 2050.

Applying jet fuel taxation to fuel uplifted for flights within Europe requires the abolition of the jet fuel tax
exemption in the current EU Energy Taxation Directive (ETD). Europe can also apply a jet fuel tax for
flights to and from Europe operated by non-EU carriers, provided that the Air Service Agreement (ASA)
between the EU and the third country allows it. Most ASAs concluded in recent years allow for the mutual
imposition of jet fuel taxation (except [15]). It is not inconceivable that, as the need for carbon pricing
becomes ever more apparent, such taxation will be introduced on a bilateral basis with non-EU countries,
steadily expanding to cover an increasing share of European aviation emissions. We modelled the gradual
introduction of a €0.33/L tax from 2025 to 2035. Such a level would still be below the EU’s average excise
duty on diesel (€0.45/L [16]), but is still challenging to achieve, as governments have to date acted to
protect the existing jet fuel tax exemptions.

Together, these two pricing mechanisms would be equivalent to a carbon tax of €165/tCO, by 2030 and
€329/tC0O, by 2050. By comparison, the EU’s average excise duty on diesel corresponds to €171/tCO, and
will likely rise well above that by 2050. For business travellers, we considered that carbon pricing would
be one of the levers that contribute to reducing business traffic to 50% of 2019 levels, as explained below.
For leisure travellers, we calculated that it would result in a reduction of 26% of traffic by 2050. This
represents 18% of baseline emissions, or 45 MtCO,. These figures are obtained before any fuel switch is

* Data from Eurocontrol’s STATFOR platform for passengers departing from the EU27+UK




modelled. In practice, effective fuel carbon pricing should decrease with time as sustainable fuels replace
jet fuel.

4.3.2. Business travel reduction

Business travel has been a lucrative part of the aviation industry. Though previously concentrated among
legacy carriers, all airlines target these passengers, who tend to be less price sensitive and therefore are
prepared to pay more and to pay for higher quality service (i.e. business and first class, airport lounge
access). Any reduction in business travel will therefore have significant consequences for the sector.

The Covid-19 pandemic has shown us that it is possible to drastically reduce travel, while still doing
business. However, even before Covid-19, increases in the quality of video conferencing services and
concerns about climate change were also calling into question the frequency of such trips [17]. Indeed it
is worth examining whether reduced travel, with the resulting time lost and personal toll it can take, can
actually improve productivity.

Some have predicted that business travel will not recover to its pre-pandemic levels, going as far as
talking about a 50% business travel reduction [18]. In this forecast, we look at the effect of such a
reduction. More precisely, the forecast assumes that business travel traffic, measured in RPK, does not
recover to above 50% of 2019 levels. Based on various sources, we estimate that business travel
represents about 30% of aviation emissions in 2019 (see Appendix A for more details). Moreover, a
decrease in business travel could result in higher economy ticket prices and thus a further drop in
demand, due to cross-subsidisation®.

As fuel efficiency per passenger increases with time, capping traffic levels means that the emissions
attributable to business travel will decrease. Our forecast shows that 20% of baseline emissions, or 51
MtCO,, would be saved in 2050 thanks to this measure. This reduction is ambitious but certainly
achievable with the right policies. Such policies could be the result of “top-down” policies introduced by
governments, such as limiting the use of Frequent Flyer Programmes or mandating disclosure of total
corporate travel emissions; there could also be “bottom-up” policies adopted by major corporations to
reduce their own travel. Corporate climate commitments must face greater scrutiny, and could be
regulated to ensure that they must include emissions from corporate travel, part of “Scope 3” emissions.
Any reduction in corporate travel will be through an interplay between voluntary commitments by
businesses, and supportive measures by governments.

INFO BOX - Cross subsidisation of leisure travel with business travel

Even though business travellers make up a small share (about 20%) of total passengers, they generate a
substantial part of airlines’ revenues, up to 75% according to some sources [19]. Business travellers are
more likely to fly in premium classes or purchase last minute tickets which are more expensive,

*Higher priced premium tickets, favoured by business travellers, make up most of the airlines’ revenues [19]. Without these
revenues, airlines will have to raise economy ticket prices to keep their margin




generating more revenues. This allows airlines to reduce the price of economy tickets and fill their
planes, a form of cross subsidisation. Given the already thin margins of airlines before the pandemic, a
potential drop in lucrative business passengers would need to be compensated by raising prices
elsewhere, most likely economy tickets. In turn, this could result in a drop in demand. We haven’t
included this effect as it is still speculative at this point, but calculations show that a 50% drop in
business passengers could result in at least a 4% drop in leisure passengers, even if aircraft
configurations are adapted to reduce premium seats in favour of economy seats. Further details on this
calculation can be found in Appendix A.

4,3.3. Leisure travel management and modal shift

If all the people in the world flew as much as the richest 10% of Europeans, aviation globally would emit
23 GtCO, per year, two thirds of global CO, emissions in 2019°. This figure shows how unsustainable and
unequal our flying habits have become, and it is essential to stop the unlimited expansion of aviation. As
explained in our 2018 Roadmap, modal shift can play a role in reducing aviation emissions, but it is
important not to overstate its potential emission reductions. Research shows that a shift from air to rail
could only deliver a 2-4% reduction, even with ambitious scenarios for rail improvement, such as
connecting all major cities with high speed rail [24]. On the other hand, 8% of the flights departing the
EU(+UK), those longer than 4000 km, are responsible for 50% of the block’s emissions’. This can be seen
in Fig. 4.

® Extrapolation based on:
the air travel carbon footprint of the richest 10% of Europeans, 3.0 tCO,, from [20]
a world population of 7.87 billion people [21]
Annual global CO, emissions in 2019 [22] [23]
In practice, airports and airspace capacity would be insufficient to achieve such levels.
" In-house calculation of 2019 EU28 emissions based on ICAO calculator methodology, using AIS aircraft data
purchased to PlaneFinder
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Source: in-house calculation of emissions based on ICAO emission calculator methodology, using AlS aircraft
data purchased to PlaneFinder.

Figure 4: Cumulative share of emissions and flights departing the EU27+UK in 2019, as a function of the
flight distance.

Reducing the number of long-haul flights would thus be the easiest way to tackle emissions in the short
to medium term. Ending support for airport expansion, as the EIB has already agreed to, is an important
first step towards achieving such an objective. Planned airport expansion often overstates the economic
benefits and understates the climate impact [25]. Emissions from existing airport capacity could be
reduced by limiting utilisation through extended bans on night time landings and take-offs. Introducing
floor ticket prices and ticket taxes proportional to the climate impact of flights could help curb demand
further. Alternative fuels (hydrogen, sustainable advanced biofuels and e-kerosene) will be more
expensive than jet fuel, increasing ticket prices and reducing demand, as will be explained in Section
4.5.3. Finally, further reductions in leisure travel could be achieved by promoting European tourism as an
alternative to intercontinental travel, facilitating the possibility to take fewer but longer holidays and
improving the quality of life in cities for staycations or city breaks closer to home (more green space,
space for leisure activities, less traffic & reduced pollution, improved public transport and infrastructure).
A crucial step towards achieving such an objective would be to ensure long-haul flights are equally
covered by EU climate policies such as EU ETS, which as discussed above, is presently not the case.

Considering it a realistic goal, we modelled a cap on leisure travel traffic equivalent to 2019 levels (in
RPK), meaning that leisure traffic would not keep increasing after 2024, the year of expected full traffic
recovery. This cap was applied after the demand reduction due to carbon pricing, and represents a
further reduction of 16% of baseline emissions, or 41 MtCO,, by 2050.




4.3.4. Summary of demand management measures
In Fig. 5, we summarise the effect of the three demand management levers modelled on 2050 emissions.
Together, they represent a 53% reduction from baseline, which corresponds to 137 MtCO,.
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Figure 5: Impact of demand management measures on EU27+UK aviation emissions in 2050

4.4. Zero-(CO,)-emission aircraft

Development plans and concepts for several zero-emission aircraft have emerged in the past years. With
the right measures in place, electric, hybrid-electric and hydrogen planes could start flying in the 2030s,
but different technologies require different aircraft sizes, ranges and entry into service (EIS) year. Our
detailed analysis of upcoming zero-emission aircraft is presented in Section 7.2.6 and informed our
decision to divide the forecast into four aircraft segments: regional (<80 passengers, <1000km), short
range (80-165 passengers, 1000-2000 km), medium range (165-250 passengers, 2000-7000 km) and long
range (250-325 passengers, 7000-10,000 km).

4.4.1. Regional zero-emission aircraft: electric, hybrid-electric and fuel cell

aircraft

Even though battery technology has vastly improved in the last decades, the fundamentally limited
gravimetric energy density of batteries currently makes them unusable for planes flying beyond short
range and for planes bigger than the regional segment. Whereas current battery pack specific energy is
around 200 Wh/kg, according to Schafer et al. [26], packs of 800 Wh/kg would be necessary to fly




A320-sized aircraft for 600 nm (1,111 km) and could be available by mid-century. On the other hand,
Wright says it is targeting 2030 EIS for 186-seat, 800-mile (1287-km) range electric aircraft, which would
seriously defy the above prediction [27]. In the absence of more detail on the matter, we have chosen to
follow the general consensus in the literature, which is that fully electric short range aircraft are still a few
decades away.

Hybrid-electric propulsion, combining battery electricity and jet fuel to power planes, would allow them
to fly further but would achieve smaller emission reductions. Hydrogen fuel cell systems should also
allow longer ranges provided that some technological challenges are overcome, such as reducing
hydrogen tank weight and increasing fuel cell power density. This technology emits no CO, and very little
non-CO,, and could thus become the dominant propulsion system in the regional segment. Allin all, our
forecast assumes an EIS date of 2035 for regional zero-emission aircraft and a fleet replacement cycle
time of 20 years for all segments, which is slightly faster than the current average of 22.5 years. The share
of EU27+UK emissions corresponding to planes of less than 80 people flying less than 1000 km is only
2.3%°%, so decarbonising this segment will have limited impact on 2050 emissions, but can bring some
improvements to local air quality and noise pollution at the affected airports.

4.4.2. Short range zero-emission aircraft: hybrid hydrogen aircraft

Short range (as defined above) aircraft represent 14.9% of emissions in Europe and could be powered by
a combination of hydrogen fuel cells, powering electric motors and rotors, and direct combustion of
hydrogen in an adapted jet turbine. This combination takes advantage of the higher efficiency and lower
climate impact of fuel cells and the higher power density of hydrogen propulsion through combustion.
Such a system isn’t without challenges though, and the hydrogen aircraft concept has already been
studied, in the 2000s, before being dropped [28]. It is thus necessary to be prudent on the potential for
hydrogen aircraft to decarbonise the fleet. Nevertheless, in this forecast we assume that hydrogen aircraft
will become a reality, with short range aircraft entering the fleet in 2040, and a fleet replacement cycle
time of 20 years. This date is five years later than McKinsey’s predicted EIS [29]. We justify that by the fact
that Airbus has not yet committed to actually develop a hydrogen aircraft, and will likely not do so before
2025. Moreover, if an aircraft is ready by 2035, it will likely carry around 100 passengers for 1,000 nm
(~1850 km) [30], with less CO, reduction potential than the “short range” segment considered in this
forecast.

4.4.3. Medium range zero-emission aircraft: hydrogen combustion aircraft

Beyond a short range, hydrogen fuel cell systems become too heavy and only hydrogen turbines can be
used for propulsion. Liquid hydrogen has a volumetric energy density about 4 times lower than jet fuel,
and extra insulation must be provided, so bigger fuel tanks will be necessary to fly hydrogen aircraft for
the same distance as conventional aircraft. The main challenge will be to limit the weight penalty of these
tanks by optimising the ratio between the weight of hydrogen carried and the total weight of the filled
tank. Such a plane could realistically be ready by 2045 and the segment corresponds to 35% of EU27+UK
emissions, which is the largest of the four segments defined above.

®In-house calculation based on 2019 AlS traffic data purchased to PlaneFinder




4.4.4. Long range zero-emission aircraft: hydrogen combustion aircraft

According to McKinsey [29], and informal talks we have had with industry and academic players,
hydrogen aircraft with a range up to 10,000 km are technologically achievable, although not for several
decades. A further barrier is cost. As explained above, hydrogen aircraft incur a weight penalty due to
their bigger tanks. For planes of the long range segment, this would result in about a 40% increase in fuel
energy demand [29]. Additionally, the hydrogen aircraft comes with additional CAPEX maintenance and
productivity costs. Evolutions in hydrogen technology and renewable fuel prices will determine which
technology will prevail.

In our base forecast, we assume long range zero-emission aircraft will enter the fleet in 2050. That means
that the long range aircraft segment, representing 28.5% of EU27+UK emissions, will have to be
decarbonised by other means. In the following section, we will look at the effect of introducing hydrogen
aircraft earlier than in our base forecast. In all cases, we considered that hydrogen aircraft with more than
325 passengers and 10,000 km range are not achievable by 2050. This segment currently represents
19.3% of emissions.

4.4.5. Emission reductions from zero-emission aircraft

The different assumptions used to model the deployment of zero-emission aircraft in the EU27+UK fleet
are summarised in Table 1. “Base case” assumptions were described in the previous sections and will be
used for the decarbonisation forecast. As explained above, we took a slightly more conservative stance on
hydrogen aircraft EIS than, for example, McKinsey’s “Hydrogen-powered aviation” and the “Destination
2050” report. It is worth analysing the effect that faster or slower hydrogen aircraft development and
introduction would have on emissions. We thus modelled an optimistic scenario, i.e. hydrogen aircraft
introduced five years earlier than in the base case, and a pessimistic scenario, i.e. hydrogen aircraft
delayed by five years. Market penetration times were set to 15 and 25 years respectively instead of the
current 22.5 years. The optimistic scenario allows us to estimate the highest potential for hydrogen
aircraft to reduce emissions, whereas the pessimistic scenario shows what would happen if hydrogen
aircraft development was once again delayed.

Aircraft segment EU27+UK Entry Into Service Market penetration time
2019
share of Optimistic | Basecase | Pessimistic | Optimist | Base case | Pessimistic
emissions '
regional (<80
passengers, 2.3% 2030 2035 2040
<1000km)
short range (80-165 ;Lasrs 20 years | 25years
passengers, 14.9% 2035 2040 2045 y

1000-2000 km)

medium range 35.0% 2040 2045 2050




(165-250 passengers,
2000-7000 km)

long range (250-325
passengers, 28.5% 2045 2050 2055
7000-10,000 km)

very long range
(more than 325
passengers and
10,000 km)

19.3% After 2050 Not applicable

Table 1: EIS and market penetration time in the different hydrogen aircraft deployment scenarios
analysed

Fig. 6 shows the CO, saved by hydrogen aircraft depending on the technology maturation scenario. In the
base case, zero-emission aircraft could represent 18% of the fuel demand by 2050. This would correspond
to 8% of baseline emissions, or 22 MtCO,’. The reasons why we find that less than 20% of the jet fuel
demand can be replaced by zero-emission aircraft are that aviation fleet replacement is slow and that
zero-emission technologies are still very much in their infancy, meaning that the aircraft which have the
most potential to decarbonise the sector (i.e. mid and long range) won’t be zero-emission for several
decades. This view is already more ambitious than IEA’s recent “Net Zero by 2050” Roadmap, which
forecasts that only 2% of global aviation energy will be provided by electricity and hydrogen by 2050 [31],
and IATA’s plan to achieve net-zero carbon emissions by 2050, which estimates that new propulsion
technology such as hydrogen could represent 13% of 2050 fuel demand [32].

The amount of CO, abated by hydrogen aircraft almost triples in the optimistic uptake scenario,
representing 60 MtCO, or 23% of baseline emissions in 2050. This shows the potential of accelerated
hydrogen aircraft development on the impact of this technology by 2050. Such a scenario could be
brought about through much more aggressive regulatory invention, i.e. technology forcing standards. On
the contrary, delaying the introduction of hydrogen aircraft further than our base case would mean that
there will be almost no CO, reduction thanks to this technology by 2050 (1.8% of baseline).

These different hydrogen aircraft development scenarios come with different challenges in terms of fuel
and aircraft production. 6.9 Mt of liquid hydrogen would have to be produced in the optimistic scenario,
or half of the fuel demand after demand management (in energy content), and 1300 to 2600 planes would
have to be built™. In the central case, the figures would be 2.5 Mt of hydrogen and 600 to 1200 planes. As a
comparison, there are currently about 5000 planes in the fleet of airlines based in the EU27+UK.

° The former figure corresponds to the case when demand management is achieved as proposed above, the
latter to the case where no demand reduction happens.

The number of hydrogen aircraft to build depends on the utilisation rate of these aircraft. The more distance
they will cover in a year, the less aircraft will be needed to save a certain amount of CO,. More details on our
assumptions for this estimation can be found in the appendix.




Naturally, without demand reduction, CO, abatement could be higher, but the challenge in terms of
hydrogen aircraft and fuel production would be much greater. This underlines the risk in relying
exclusively on future technologies. In the case where demand is unmanaged, an optimistic hydrogen
aircraft scenario is unrealistic because it would require 16.1 Mt of hydrogen to be produced for the
aviation sector, a figure well above that contained in the “Destination 2050” industry report, which
estimated 12.3 Mt, including the hydrogen needed for biofuels and e-kerosene production [33].
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Figure 6: Emissions abated by zero-emission aircraft in 2050 under different technology adoption
scenarios, and corresponding share of baseline CO, abatement

4.5. Drop-in sustainable aviation fuels (SAF)

If all the sustainability measures mentioned above are applied, there will still remain 99 MtCO, emitted in
2050. Without demand management, that figure would rise to 203 Mt. This means that at least a third of
the decarbonisation effort™ will have to come from SAF. We look at two pathways to achieve this -
deploying sustainable aviation biofuels and renewable fuels of non-biological origin (RENBO), also called
‘power-to-liquids’ (PtL), e-fuels or e-kerosene.

4.5.1. Advanced biofuels

Advanced biofuels are defined in European legislation through a list of feedstocks that are comprised
mostly of waste and residues. To date, alternative fuel uptake in the aviation sector has been extremely
limited, largely due to the price gap between the alternative fuels currently available and fossil jet fuel,
and the absence of measures to bring about their uptake. In a previous analysis, we estimated biofuel
supply potential in the EU27+UK to 1.7 Mtoe in 2030 and 7.5 Mtoe in 2050 [34]. We reused these values in
this forecast and modelled advanced uptake of biofuels with an S-curve starting in 2020. Advanced

1 Compared to a baseline + expected efficiency improvement scenario




biofuels represent 3.4% of the forecasted energy demand' in 2030 and 19.1% in 2050, which in turn
represents 9% of 2050 baseline emissions, or 23 MtCO,.

INFO BOX - Estimating SAF supply potential from advanced biofuels in 2030 and 2050

As advanced biofuel production in the EU is still in its infancy and little policy support exists at this
time, it is difficult to estimate what quantity of SAF could be available for the aviation sector in ten
years’ time, let alone later. In a previous analysis, we considered only a small number of feedstocks that
are both true waste and residues and also sustainable, not the whole list included in EU law [24]. For
our modelling purposes, we did not include biofuels from Used Cooking Oil (UCO) or animal fats, which
are not considered ‘advanced’ in EU law. On the basis of these feedstocks, we estimated a EU27+UK
advanced biofuel supply of 1.7 Mtoe in 2030 and 7.5 Mtoe in 2050 [34]. Scaled to the EU27, these figures
become 1.3 Mtoe and 5.8 Mtoe, respectively. We compared our estimations to recent work on the
availability of SAF from advanced biofuels in the EU27. The ICCT calculated the theoretical peak
production of SAF to be 12.2 Mt by 2030 [35]. Taking into account technical, economic and deployment
constraints, they estimated the actual potential to be between 1.2 Mt and 3.4 Mt, depending on
government support. Our estimate thus corresponds to the lower bound of their range®®. Another study
commissioned by T&E to Cerulogy estimated that between 650 ktoe and 2.1 Mtoe advanced biofuels
could be produced for EU27 aviation in 2030, making our current estimate a central case [36]. For 2050,
our estimate of 5.8 Mtoe corresponds to about 50% of ICCT’s theoretical peak potential in 2030, which
is reasonable given that the goal should be to reduce waste production rather than to increase it, and
that multiple sectors will compete for the use of these feedstocks.

4.5.2. PtL e-kerosene

As mentioned above, though large scale commercial PtL plants do not exist at present, several are under
development and our forecast demonstrates that this fuel will have to make up the bulk of aviation fuel
supply in 2050 if the sector is to decarbonise. Indeed, there remains 76 MtCO,, or 30% of baseline
emissions, to abate in 2050 after the measures mentioned in the previous sections. E-kerosene from PtL
plants will thus have to represent the biggest share of CO, abatement measures by then. We modelled the
uptake with an S-curve starting in 2023, reaching 20 ktoe in 2025, 1340 ktoe® in 2030 and 24.7 Mtoe in
2050. The 2030 figure corresponds to 2.7% of the fuel energy demand that year, after the reduction
measures. Based on the same study as above, such an amount is deemed challenging but achievable if
adequately strong government support begins now [36]. Note, however, that e-kerosene production
shouldn’t be considered infinitely scalable without challenges and such expansion would not be
considered automatically sustainable. It is therefore essential to use all the decarbonisation measures
mentioned previously to reduce SAF and renewable electricity requirements.

12 Energy demand after demand management measures

B Qur estimations were given in units of energy (Mt), whereas ICCT’s estimations are provided in units of mass
(Mt). As 1 Mt of biofuel represents roughly 1 Mtoe of energy, we assume these to be comparable for this
discussion

A study commissioned by T&E showed that 16 ktoe of e-kerosene could be produced in 2025 in the EU27,
which would scale to about 20 ktoe in the EU27+UK [36]

15 2% of the fuel demand if demand is unmanaged, 2.7% if it is managed




4.5.3. Effect of hydrogen and SAF prices on demand

In our previous roadmap, we pointed out the fact that advanced biofuels and e-kerosene will cost more
than fossil jet fuel. This will also be the case with hydrogen. The estimated cost of advanced biofuels
varies widely depending on the feedstock. Recent sources estimate the minimum viable price of
sustainable advanced biodiesel at €1654-2308/t, that of e-kerosene produced in the EU in 2050 at
€1186-1906/t and that of liquid hydrogen at €642-963/tke'" (in 2050) [11] [37]. For hydrogen, airlines will
incur an additional cost increase due to higher CAPEX, Maintenance Repair and Operations (MRO) and
productivity costs. In 2050, renewable fuel prices could thus be up to three times higher than jet fuel at
€690/t®. These are, of course, forecasts, and such prices could decline faster than anticipated, as has
occurred with other technologies such as batteries and renewables.

A price gap between fossil jet fuel and these alternatives is, however, likely to persist for some time,
meaning that without proper incentives and mandates, there will be no uptake in these fuels. A fair level
of pricing, as suggested in this report, would bring the effective price of jet fuel to €1730/t by 2050 and
would make alternative fuels competitive with it [29]. We estimated that replacing jet fuel with alternative
fuels as described above would result in a demand reduction of leisure travel of 12% to 22%, depending
on the price of these fuels. In the model, we considered this demand reduction part of the leisure travel
cap.

4.6. Base decarbonisation forecast - summary of results

From the above discussion, Table 2 summarises the assumptions used for the so-called reference and
baseline scenarios, and the resulting emissions in 2030 and 2050. Table 3 summarises the measures, the
assumptions used for the modelling and the resulting CO, abatement in absolute and relative terms for
the years 2030 and 2050. These results are conditional on all demand management measures being
applied. As a reminder, the results for carbon pricing are obtained before any fossil fuel replacement is
modelled in order to show the maximum potential of that measure.

Reference IATA short-term forecast. 238 MtCO, 367 MtCO,
“Destination 2050” yearly
traffic increase excluding fuel

efficiency improvement.

16 As per our definition of sustainable advanced biofuels in the INFO BOX above and for the cheapest
conversion pathway, i.e. gasification-FT

17 €/tke: euro per tonne of kerosene equivalent, i.e. the price of hydrogen to deliver as much energy as one
tonne of kerosene, for easy comparison to kerosene and other fuels with a similar energy density

18 Using the kerosene price forecasted in the “Destination 2050” report




Table 2: Assumptions used for the reference and baseline scenarios and resultant CO,

Business travel 50% of 2019 traffic levels. 32.6 MtCO, 50.7 MtCO,
cap Business travel = 27% of 2019 (15.7%) (19.7%)

emissions (calculated).

Leisure travel 100% of 2019 traffic levels 1.7 MtCO, 40.8 MtCO,
cap (0.8%) (15.8%)

Advanced S-curve beginning in 2020, 1.7 5.1 MtCO, 23.1 MtCO,
biofuels Mtoe in 2030 and 7.5 Mtoe in (2.5%) (9.0%)
2050

Table 3: Summary of decarbonisation measures, CO, abatement and assumptions for this forecast

Fig. 7 shows the path to decarbonisation from now until 2050. With fleet efficiency improvements alone,
emissions would amount to 208 MtCO, and 258 MtCO, in 2030 and 2050, respectively. Cumulative
emissions over the 2022-2050 period would be 6410 MtCO,. Implementing the sustainability measures of
this forecast would reduce emissions to 141 MtCO, in 2030 and would achieve decarbonisation in 2050.
Cumulative emissions would be reduced by 55% to 2872 MtCO, (2.9 GtCO,). This would still be above the
remaining carbon budget to limit global warming to 1.5°C above pre-industrial levels with a 50% chance.
We calculated this budget to be 2.4 GtCO, for EU27+UK aviation, based on the recent IPCC AR6 report [38]
and following a grandfathering approach®.

¥ When calculating the remaining CO, emission budget for a sector, the grandfathering approach consists in
allocating to that sector the same share of the remaining global budget as its current share of global CO,
emissions. We use this approach for its simplicity. Determining the best way to allocate carbon budgets is
considered to be outside the scope of this study.
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Figure 7: EU27+UK aviation emissions up to 2050 - decarbonisation forecast

Fig. 8 helps us visualise the impact of the different measures on the CO, abatement, taking into account
the progressive replacement of fossil jet fuel by SAF. In 2030 most of the CO, abatement (85%) comes
from demand management and pricing measures, whereas in 2050 alternative fuels participate in about
half the decarbonisation effort. The contribution of business travel reduction will be particularly
important in the coming decade, representing half of the savings in 2030. It is also interesting to note in
Fig. 7 that higher SAF prices and T&E’s proposed carbon pricing suffices to keep leisure travel below 2019
levels until about 2035, after which additional policies are needed to keep the emissions from growing
again. Finally, the contribution of e-kerosene itself grows from 7% of savings in 2030 to 30% in 2050.
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Figure 8: Relative contribution of different sustainability measures to CO, abatement between 2030 and
2050 compared to baseline.

4.7. Renewable electricity requirement and SAF production challenges

The main implication of aviation’s heavy reliance on e-kerosene is that the sector will require a huge
amount of renewable electricity to decarbonise. We calculated that by 2050 660 TWh of renewable
electricity per year will be necessary to produce the alternative fuels mentioned above, among which are
24.2 Mt of e-kerosene, 7.3 Mt of biofuels and 2.5 Mt of hydrogen. As shown in Fig. 9, this corresponds to
12.5% or one eighth of the total electricity production in the EU28 forecasted by the EC in its Climate
Target Plan document® [39]. Though flying brings undoubted economic and social benefits, it is worth
noting that those benéefits are at present disproportionate to flying’s climate impact and the effort needed
to address that impact: commercial aviation currently contributes to only 2.1% of the EU’s GDP [40] and it
is estimated that 1% of the population emits 50% of aviation’s CO, globally [41]. Aviation’s forecasted
electricity demand in 2050 would have a considerable impact on broader efforts to decarbonise the
European economy, and there will be competing demand for renewable electricity by all sectors. This
highlights that demand reduction not only makes an important contribution to immediately reducing the
climate impact of flying, but in the long term also enables an easier transition to decarbonised aviation.
Such benefits will be undermined, however, if the demand management and carbon pricing measures

» Figure 46, scenario ALLBNK




proposed in this paper are not put in place. In such a scenario, 1304 TWh of electricity would be
necessary, or 25% of 2050 total electricity.
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