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What problem are we trying to solve?

EU share of greenhouse gas
emissions by transport mode in 2024

Trucks and buses
20.1%

Source: UNFCCC GHG inventories, EEA, Stratas Advisors, Eurocontrol
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Source: T&E (2023) - Aviation: all departing flights. Shipping: MRV scope & below 5000 GT vessels



Added to this... the contrails problem

Northern Europe, Eastern Europe and North Atlantic are contrails hotspots

Flight distance per unit of contrail warming in 2019. Darker cells indicate where aircraft produced more warming
per distance flown.

Source: T&E (2025), based on data provided by Roger Teoh * Using Albers equal-area projection.
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The solution(s)?

How can we reach net zero by 2050?

Replacing kerosene with sustainable and scalable
alternatives (SAFs): focusing on e-SAF and the ReFuelEU
mandate

Building the planes of the future: introducing a policy
framework for hydrogen and electric planes and boosting
their investment

Addressing runaway growth of the sector: with better
pricing of emissions, addressing airport growth and
putting an end to ‘elite flying’ (private jets and corporate
travel)

Addressing the hidden part of the iceberg - non-CO,
emissions, by introducing a policy framework for contrail
avoidance

Roadmap to climate neutral aviation in Europe
Why “flying less” offers the best path to sustainable aviation
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® Final emissions @ E-kerosene = Advanced biofuels ® H2 and electric aircraft
Leisure travel management = T&E's carbon pricing asks @ Business travel reduction
Fuel efficiency improvement

Source: T&E (2022), Roadmap to climate neutral aviation in Europe : T E



Driving the use of
SAF in Europe




SAFs: What was agreed
under the Green Deal?

The RefuelEU law mandates the incremental
uptake of SAFs across EU airports:

e World-first e-SAF subtarget

e Penalties for non compliance: Fuel suppliers who fail to meet
their quotas face penalties of at least 2x the price difference
between kerosene and SAF - with a follow-up mechanism.

e Funding mechanisms:
o  SAF allowances: covers price difference between SAF
and kerosene - up to 95% for e-SAF.
o  Other: Hydrogen Bank and Innovation Fund

T&E position = T&E

on advanced and

waste biofuels

Palm derivatives
Directly related to
deforestation, Palm Fatty
Acid Distillates (PFAD)

should not be used for

biofuels, while other residues such
as Palm Oil Mill Effluent (POME)
should be used in producing

countries.

Forestry
residues

Primary forestry
residues are C
essential for forest
regeneration, biodiversity and
carbon sinks and should be left

in forests. Secondary residues
from wood transformation should
be prioritised for long-lasting
application such as biomaterials.

Intermediate
crops
With risks of triggering

additional demand

for land, increasing the use of
fertilisers, pesticides and irrigation,
intermediate crops should be
prioritised for non-energy uses

Energy crops E g
Difficult to monitor

and potentially

subject to fraud, crops grown on
severely degraded land and other
energy crops should not be used

for biofuels, as rewilding could

bring more climate and biodiversity
benefits.

Agricultural L\
residues { )
Since agricultural AL

residues are already used for

soil amendments and biogas
production and are anticipated for
various biomaterial applications
like building insulation, they should
not be prioritised for bicfuels
production.

Used cooking oil
Waste oil collected from
households or restaurants &——
can be used to produce
sustainable biofuels if
collected domestically.
Imported feedstocks or
biofuels are likely subject to fraud
and should be prioritised for the
producing countries’ own needs.

Animal fats 2
By-products of

industrial meat

production,

animal fats

in categories 1 and 2 can be
considered as a sustainable source
for biofuels production if collected
domestically. Because of existing
uses as animal feed or in the
oleochemicalindustry and high
risks of indirect emissions, animal
fats in category 3 should not be
used for biofuels.

While mixed fossil

waste should not be used for
biofuels, separately collected
biowaste could provide emission
savings when converted to
biofuels. However, their availability
is expected to decrease with
increased reuse and recycling
efforts and conversion processes
are still uncertain.

Produced from

wastewater

treatment facilities,

sewage sludge can

beused to produce sustainable
liquid biofuels, but conversion
processes remain currently
uncertain.



ReFuelEU expected to deliver 100 Mt of emissions savings by 2035

e e g e
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Source: T&E * Assume 85% emissions savings from SAF w.r.t. CORSIA Cl of 89 g/MJ. :: T&E



Domestic advanced biofuels can be sustainable, but little potential to underpin
a genuine Clean Industrial Strategy

= |Inedible tallow == UCO e Tall oil pitch = Municipal solid waste  Agricultural residues = Forestry residues = Crude glycerine
Animal fats (cat 3) = Crude tall oil heads = Industrial flue gas = Sewege sludge = Demand from competing sectors

Domestic supply potential (T&E)

| ]

Domestic supply potential (ICCT)

I e
Aviation total fuel demand
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Shipping total fuel demand
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Existing road biodiesel use (RED)
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Source: T&E. Based on ICCT (2024), Availability of biomass feedstocks in the European Union to meet the 2035 ReFuelEU Aviation SAF == T & E
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State of play of the European e-SAF market

Europe and its startups have the potential to
be an e-kerosene trailblazer but severe
bottlenecks mean it could lose its first mover
advantage.

41 large scale projects across Europe.
More than half of the world’s announced e-SAF
production capacity.
e 0 projects have reached FID. Without FIDs within the
next 12-18 months, ReFuelEU targets will be missed.
e China and the US are catching up.

e Regulatory, financial and technical hurdles need to be
overcome.

ReFuelEU targets achievable with announced production, but time
is running out for FIDs

= Advanced stage = Intermediate stage == Early stage

Annual e-kerosene capacity from large-scale projects, by development stage (Mt)

3Mt
2.8Mt

2035 ReFuelEU mandate -

2Mt

2032 ReFuelEU mandate -
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2030 ReFuelEU mandate]
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0.4Mt
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2029 2030 2031 2032 2033 Unknown
Source: T&E (2025) - Mt = million tonnes. Early stage (conceptualisation, feasibility),
Intermediate stage (pre-FEED), Advanced stage (FEED, pending FID). Large-scale: > 10 kt = T&E

annual e-kerosene production capacity. Based on project announcements until May 2025.
2030-2035 ReFuelEU targets have flexibility mechanisms.


https://www.transportenvironment.org/articles/europe-risks-losing-its-early-e-fuels-lead-for-aviation-study-warns
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A farming superpower: global demand for biofuels would make it

the 6th largest country in terms of arable land in 2030
Biofuels land needs vs largest countries in terms of arable land currently used

Global biofuels in 2023

Ukraine

> ms Wz
A H E

3 H =

= o o

-

)

Global biofuels in 2030

Brazil

China

Russia

India

United States

40 60 80 100 120 140 160

o
N
o

Million hectares

Source: T&E, based on Cerulogy (2024) and World Bank (2021) + Global biofuels demand based __
on adopted national policies, not accounting for potential additional shipping demand currently = T&E 10
under discussion at the IMO. Land required for biofuels co-products is excluded.



Only 3% of the current land used for biofuels could power close to a
third of the global car fleet with solar electricity

=1 [ Combustion engine car [ Electric car

Biofuels and internal combustion engine

32 Mha

Current biofuels
land use

130 million ICE cars
that could be powered

Solar panels and battery electric cars

1 Mha —— Equivalent land needed
_ to produce the same
amount of energy

|
v

400 million £V cars that k
could be powered

Source: T&E, based on Cerulogy (2024) and own calculations. Assuming diesel cars running
on 100% biofuels, while in practice biofuels are still mostly blended in small quantities with = T&E
fossil diesel or petrol. More details in the Methodology section =
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What are airlines doing on SAF?

T&E's SAF Observatory ranks airlines on
their use of and commitment to SAF:

Press Release

Airline ranking: only 10 airlines have

serious plans to transition to green e  Only 10 out of 77 airlines have really started

fuels switching to SAFs (Top 3: AF, United, Norwegian)
e Theremaining 67 are either buying too little SAF,
the wrong kind of SAF, or no SAF at all.

- V|- : . . - e E-SAF makes up less than 10% of airlines’ SAF

3 | sermn o« . c » agreements. Crop-based biofuels (from corn

a v =l c 7 grains and soy oil) account for more than 30%.

s | v v oo - c * e Qil producers are not investing enough in SAFs:
¢ |t VT : ‘ € >z Eni, Total, Shell, BP, Chevron, ExxonMobil,

N R L ° = Sinopec and Saudi Aramco could produce only
: " : ‘ .- Z zs around 3 Mt of SAF per year by 2030 - less than
o e . = 3% of their current jet fuel output.

e In 2024, SAF production reached 1Mt (x2 from
2023), representing 0.3% of global jet fuel use.



Will Europe succeed in the SAF race?

Ensuring regulatory framework stays in place
(@]

O

Guarantee regulatory stability in 2027

Ensure enforcement of penalties
©)

Address airport infrastructure problem

European Hydrogen Clearing House: igniting the e-fuels market
E-FUELS E-FUELS H
PRODUCERS USERS
e Bringing smart solutions for e-fuels financing to the table N —— S
O Br'ng lneW, IdeaS dOUb|e-SIded aUCtIOHS, CfDS Long term fixed price Short-term sales
. .. . purchase agreements contracts in smaller
o  Address failures of existing mechanisms (H2 bank, inarge volumes \@.} EHCH-managed @48 e
] marketplace 688 +
SAF allowances, Innovation Fund)
. N . 1+
o Involve public finance institutions like the EIB Francial guarntese
from public banks Contracts for N y
(EIB, InvestEU fund, difference to bridge y
. . . etc) ‘and private the price gap
e Holding Big Oil accountable funding sources \
H European H2 platfom nnovation ational
© BOOk & Clalm o Fun(ti .Nrtevenlz:;rs
o  SAF overpricing Source: T&E = T&E
o Penalties
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Non-CO, emissions

Introducing a legislative framework in
Europe



Aviation non-CO, emissions: need for action

The climate impact of non-CO, effects was

nepioste . - first recognised by the IPCC 25 years ago. But,
i en side o ontrails, NO,, soot, water vapour, black carbon A 1A
aviation's total little effort has been made in the last decades

climate impact

to reduce them.

e Despite remaining uncertainties, there's agreement that
the climate impact of aviation non-CO, emissions are at
least equal to that of CO,

e With the Ff55 package, the EU co-legislators signalled
of aviation's total the clear intent to mitigate these emissions (non-CO,
climate impact MRV, potential inclusion in EU ETS)

non-CO:

e There are promising solutions, such as contrail
avoidance already available. Yet, there is no
pathway/roadmap on how to do that.




Contrail avoidance: a no regrets policy

Net climate benefits of rerouting the most warming flights can be huge

e 3% of ﬂights cause 80% of contrail CO, emissions  ® Contrail warming impact
Warming Regular route New route

e Tweaking the flight paths of very few o=
flights can reduce global contrail <= _7
warming by half before 2040 = New route

co, 5%

e The extra fuel burnt to avoid contrails is Convl

less than 0.5% on the whole fleet '

| a big reduction of
contrail warming

e Climate benefits from contrail
avoidance are 15 to 40 times larger
than CO, penalty

e The cost? On a Paris-NY flight, less

than €4 per ticket
16



Upcoming study - contrail warming and air traffic

Northern Europe, Eastern Europe and North Atlantic are contrails hotspots
Y AnaIySiS Of the Flight distance per unit of contrail warming in 2019. Darker cells indicate where aircraft produced more warming
. per distance flown.
geographical and
temporal

distribution of
contrail warming
and air traffic to
identify contrail
avoidance
opportunities in
times and areas
with high contrail
warming and low
traffic

Source: T&E (2025), based on data provided by Roger Teoh * Using Albers equal-area projection. 2 T&E



When to do contrail avoidance?

Winter flights have a disproportionate contrail climate impact
Distribution of flight distance and contrail warming in European airspace by month

European Airspace -

Flight distance Contrail warming Warming per flight distance
Winter ‘ ‘ ‘ Winter Winter Wller Winter Wr‘n
Jan  Apr  Jul Oct Jan  Apr  Jul Oct Jan  Apr  Jul Oct

Source: T&E (2025), based on Teoh et al. (unpublished) E- T&E



When to do contrail avoidance?

Night flights have a disproportionate contrail climate impact
Distribution of flight distance and contrail warming in European airspace by hour of day

European Airspace -
Flight distance Contrail warming Warming per flight distance
Night flights ‘ Night flights Night flights
6 12 18 0 6 12 18 0 6 12 18 0
Hour of day Hour of day Hour of day

Source: T&E (2025), based on by Teoh et al. (unpublished) := T&E



Developing a smart policy framework for
contrails

The policy framework should be based on 3 pillars:

e Climate architecture: Embedding it in climate architecture cafbntrail avoidance is one of the cheapest climate solutions out there
set countries on the right path. More than 15 times cheaper than direct air carbon capture and storage

— Avenues exist in the EU and nationally: 2040 target, NDCs.

e Pricing/incentivisation of airline-led contrail avoidance S 5 G @ =
— Most promising legislative avenue via the ETS.
— Incentivising for 5-7 years (e.g. contrail allowances) and

eventually introduce a price €20/tC0,e €60/1CO,e €360/tCO,e
Contrail avoidance Solar and wind Direct air carbon
power generation capture and storage

e Contrail avoidance through ATM reform
— Airspace will be key to managing contrails
— Legislative avenues exist: Single European Sky I,
environmental KPls and ATM Masterplan.
— Phased in approach is key. -
= T&E



Thank you

21 | Title of Presentation
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