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1. INTRODUCTION

11 Any discussion on decarbonisation of the economy or a single sector inevitably raise the
guestion on the associated costs and affordability without risking the growth or survival of the industry.
This information paper presents the findings of macro-level analysis undertaken to place in context the
potential costs of pursing a net-zero carbon strategy for air transport.

1.2 It is challenging to do an accurate assessment of the full cost of any long-term climate goal
for the air transport sector. It relies on a range of forecasts and assumptions, building on top of other
forecasts and assumptions as well as elements that are simply not known today. Because they are spread
over almost 30 years and cover an entire sector, these estimates can run into the trillions of dollars.
However, they need to be placed in context of the costs and investments required to run an entire sector
such as the global aviation industry over several decades.

1.3 This paper attempts to place these numbers in a historical, current and future cost context,
to reassure that although the cost of the transition appears substantial in absolute terms, it is manageable by
a global industry such as aviation.

2. SUMMARY OF KEY POINTS

2.1 When looking across a global industry and over a multi-decade time horizon, the total costs
can look quite large, but this should be taken into context with costs of inaction and typical industry costs.
All dollar values in this paper are based on 2019 dollars.

2.2 Cost of inaction: Even if the industry does not pursue a net-zero pathway (with associated
increase in energy costs through shifting to SAF), there will likely be increases in costs based on the lack
of long-term action: higher capital financing costs; carbon costs associated with a patchwork of climate
policy measures; higher insurance and adaptation costs of inaction related to climate change. In this
scenario, growth is also likely to be constrained and the industry may also face reduced demand through
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passengers and corporate customers deciding to reduce air travel or forgo travel based on climate concerns,
meaning these costs would be borne by a smaller customer base. These factors could all potentially lead to
an increase in costs and air fares.

2.3 In the last 30 years, airlines have spent $4.3 trillion on fuel. In the last decade, airlines have
spent $1 trillion on new aircraft. Industry is spending $15 billion a year for research and development. All
those costs are broadly in line with the projected costs according to the ATAG Waypoint 2050 report and
the ICAO LTAG report.

2.3.1 Capital expenditure on SAF production facilities is estimated at up to $1.45 trillion over
30 years ($48bn a year average). Typical worldwide capital expenditure on all oil and gas production for
the eight years 2014-2021 was $3.3 trillion ($420bn / year average).

2.3.2 Sustainable aviation fuels will make up most of the incremental costs to getting to net-zero
by 2050. However, SAF from most next-generation sources will reduce in price as economies of scale are
exploited. In fact, based on the ICAO LTAG study, the current high oil price ($1,240 per tonne) is
cost-competitive with today’s SAF sources.

2.3.3 The assumptions on price of SAF over time are based on a scenario where maximum policy
support for SAF scale-up is provided by governments. Without these levers, SAF will be significantly more
expensive and less available.

2.34 The cost of developing new aircraft technology to reach net-zero may range from
$180 billion to $350 billion over 30 years ($6-11bn a year on average). This is comparable with current
aerospace annual expenditure on efficiency research (around $15bn a year average).

2.4 Whilst airline expenditures to meet net-zero may increase compared to not meeting a
long-term climate goal, this may not have a direct impact on air fares at a global average level, assuming
historic decreases in air fares continue resulting from a range of factors including declining non-fuel costs
and the liberalisation of air traffic.

25 In some parts of the world, particularly mature markets with already low fares, air fares
may rise slightly to accommodate the cost of shifting to SAF. However, in many emerging markets there is
room for non-energy cost related air fare reductions which may offset increases in underlying energy costs.

2.6 The potential increase in overall operating expenses for the industry will likely rise at a
lower rate than traffic growth, meaning that costs will be spread over larger numbers of passengers and
cargo shippers. However, this outcome is predicated on the availability of maximum policy support for
SAF, development of advanced aircraft and engine technologies and increasing efficiency of air traffic
control systems globally.

3. FURTHER INFORMATION

3.1 Member States are invited to review the Appendix to this information paper for the
full analysis.
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4. CONCLUSION

4.1 Meeting aviation’s climate goals will require collaborative action by all parties. It will also
cost both governments and industry. However, given the scope of the challenge (across multiple decades,
a growing and global industry) and the potential costs of inaction, the industry believes the costs are
manageable and will enable continued growth and connectivity whilst also dealing with climate impacts.
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WHAT WILL IT COST TO GET TO NET-ZERO CARBON 2050 <

FOR GLOBAL AVIATION?

Any discussion on decarbonisation of the economy, or a single sector such as aviation will inevitably raise the
question: how much will this cost, and can we afford to do it without risking the growth or survival of the industry?

Summary of key points

» lItis challenging to undertake an accurate assessment of costs of transition to net-zero over
the next 30 years.

» When looking across a global industry and over a multi-decade time horizon, the total costs
can look quite large, but this should be taken into context with typical industry costs.

» Capital expenditure on SAF production facilities estimated at up to $1.45 trillion over 30
years ($48bn a year average). Typical worldwide capital expenditure on all oil and gas
production for the eight years 2014-2021 was $3.3 trillion ($420bn / year average).

» Sustainable aviation fuels will make up most of the incremental costs to getting to net-zero.
However, SAF from most next-generation sources will reduce in price as economies of
scale are exploited. In fact, based on the ICAQO LTAG study, the current high oil price ($1,240
per tonne) is cost-competitive with today’s SAF sources.

» The assumptions on price of SAF over time are based on a scenario where maximum policy
support for SAF scale-up is provided by governments. Without these levers, SAF will be
significantly more expensive and less available.

» The cost of developing new aircraft technology to reach net-zero may range from $180
billion to $350 billion over 30 years ($6-11bn a year on average). This is comparable with
current aerospace annual expenditure on efficiency research (around $15bn a year average).

» Whilst airline expenditures to meet net-zero may increase compared to not meeting a long-
term climate goal, this may not have a significant impact on air fares at a global average
level, assuming historic decreases in air fares continue resulting from a range of factors
including declining non-fuel costs and the liberalisation of air traffic.

» In some parts of the world, particularly mature markets with already low fares, air fares
may rise slightly to accommodate the cost of shifting to SAF. However, in many emerging
markets there is room for non-energy cost related air fare reductions which could offset the
increase in underlying energy costs.

» The potential increase in overall operating expenses for the industry will likely rise at a
lower rate than traffic growth, meaning that costs will be spread over larger numbers of
passengers and cargo shippers. However, this outcome is predicated on the availability of
maximum policy support for SAF, development of advanced aircraft and engine technologies
and increasing efficiency of air traffic control systems globally.

» Evenif the industry does not pursue a net-zero pathway (with associated increase in energy
costs through shifting to SAF), there will likely be increases in costs based on the lack of
long-term action: higher capital financing costs; carbon costs associated with a patchwork
of climate policy measures; higher insurance and adaptation costs of inaction related to
climate change. In this scenario, growth is also likely to be constrained and the industry may
also face reduced demand through passengers and corporate customers deciding to reduce
air travel or forgo travel based on climate concerns, meaning these costs would be borne by
a smaller customer base. These factors could all potentially lead to an increase in air fares.



It is challenging to do an accurate assessment of the full cost of any long-term climate goal for
the air transport sector. It relies on a range of forecasts and assumptions, building on top of
other forecasts and assumptions as well as elements we simply don’t know today:

» Forecasting the price of oil is challenging enough in the near-term, let alone 30 years out.
» The cost of carbon removal technology is high today when it is used in a small number of

test plants.

» Similarly, today’s cost of sustainable aviation fuel is higher than jet fuel, but is expected to

come down as volumes increase.
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This paper attempts to

place these numbers in a
historical, current and future
cost context, to reassure

that although the cost of

the transition appears
substantial in absolute terms,
itis manageable by a global
industry such as aviation.

» The production and operating costs of aircraft that don’t exist yet: such as hydrogen options.

Several expert pieces of analysis have attempted to provide an order of magnitude to the
cost associated with COz emissions reductions pathways. The table below shows the cost or
investment estimates from the Waypoint 2050" and ICAO CAEP LTAG-TG reports. These costs

and investments apply to different categories of stakeholders and are not to be added together
as some investments by some stakeholders (such as fuel suppliers) are passed on to customers

(aircraft operators) through prices.

Waypoint 2050 can be found:
www.aviationbenefits.org/W2050

Because they are spread over almost 30 years and cover an entire sector, these estimates can
run into the trillions of dollars. However, they need to be placed in context of the costs and
investments required to run an entire sector such as the global aviation industry over several

decades.

High-level comparison of Waypoint 2050 and ICAO LTAG approaches

Waypoint 2050

ICAO CAEP LTAG-TG

Geographical coverage

v International traffic
v Domestic traffic

v International traffic
% Domestic traffic

Cost to aircraft operators

Up to $5.3 trillion 2020-2050 (S2)

Up to $4 trillion 2020-2050 (IS3***)

Annual average* 2020-2050

$170 billion

$130 billion

What this includes

» Incremental costs from SAF (with 90% replacement of
fossil jet fuel by SAF) and costs from offsets (or other
carbon mitigation / out-of-sector options)

» Incremental costs from SAF, operations and aircraft
technology (overall costs largely driven by SAF with
100% replacement of conventional jet fuel by SAF).

Investment by suppliers
(i.e., OEMs and fuel suppliers)

Up to $1.45 trillion (2020-2050)

Up to $3.6 trillion 2020-2050 (IS3)

What this includes

» Capital expenditure on SAF production facilities

» OEM non-recurring costs (new aircraft programme
investments)

» Energy industry capital expenditure for production of
LCAF, SAF, and hydrogen.

Annual average** 2020-2050

=~ $50 billion

$120 billion

Other costs or investments

» OEM non-recurring costs (new aircraft programme
investments)

» Government research and development investments

» Airport related investments (operations and hydrogen
infrastructure)

» Implementation costs for ANSP operational measures

» Government research and development investments

» Airport related investments (operations and hydrogen
infrastructure)

» Implementation costs for ANSP operational measures

» Any out-of-sector measure to close the gap to a goal
was not considered or included in the LTAG analysis

Notes

*Average costs per annum will be lower in early years and higher in later years as traffic (and fuel use) increases.

** Investments expected to be needed in near-/mid-term to build capacity to produce aircraft, fuels, etc in later years.

***LTAG Integrated Scenario 3 is most comparable with Waypoint 2050 scenarios that explore extensive emissions
reductions measures, especially replacement of fossil fuels with sustainable aviation fuels, low carbon fuels and hydrogen.
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Comparing the numbers — how do these figures compare with
other costs associated with air transport?

Whenever you look out at 30 years of economic activity, especially across a global industry
such as aviation, the cost of action tends to appear very high. Tackling climate change will be no
exception. We are not used to dealing with trillions of dollars in our daily lives and it can appear
daunting. The cost of decarbonisation will be significant, but not disproportionate for a sector
of the size and economic value of aviation. In other words, what seem like daunting costs when
viewed in isolation are actually manageable given the enormous economic value generated by
the sector over decades.

Airlines have spent Airlines have spent Global airline operating expenses over the
o o last 30 years (1990-2019):
$1 trillion $4.3 trillion $19.3 trill
on new aircraft in the on fuel in the last -3 tritlion
last decade 30 years (or an average of $670 billion per year)

Airport capital expenditure needs

Annual spend on efficiency research and

development by aerospace: 2021-2040 total needed capex by region
o $427bn
400b urope
$15 billion iy e

(up to $450 billion over 30 years) v
s $1.3trn

Asia-Pacific

ACI estimates that global airports will need over $94bn

Latin America and

$2.4 trillion Lt e

in capital expenditure over the next 20 years: for The next 20 years will require $2.4 trillion in airport capex worldwide.
capacity and routine upgrades'

$32bn  $151bn  ~ -~

" Africa Middle East

Capital will be needed for SAF build-up, but how does this compare
to typical capex in energy?

The ICAO LTAG Report and ATAG's Waypoint 2050 both identify the energy question as the most
important portion of the cost of decarbonisation. Although there is a price premium for the
purchase of SAF, this is likely to come down over time.

There will be a need for significant capital and investment in new SAF production facilities, but
whilst the scale of the challenge is impressive, it is not insurmountable. Indeed, the earlier the
process begins, the less steep the investment will need to be in the years leading up to 2050. The
shift away from fossil fuel and towards sustainable aviation fuel will also generate green energy
industry opportunities in many new parts of the world, can deal with waste issues in some
instances, and will generate or sustain up to 14 million jobs worldwide'.

From 1990 to 2019, the global aviation sector has experienced average annual jet fuel prices that
fluctuated from $275 per tonne (1998) to $1,330 per tonne (2008). As of May 6, 2022, the unit
price of jet fuel was $1,240 per tonne (in 2019 dollars)®.

enviro.aero Y YV AG -
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Based on ICAO/CAEP projections and scenarios*, the unit price of sustainable aviation fuels
derived from waste and biomass may range from =$1,220 per tonne in 2020 to =$1,460 by 2050.
Waste gases-based fuels prices could start at ~$3,650 per tonne in 2020 and decline to =$1,700
by 2050. Finally, the unit price of power-to-liquid fuels derived from atmospheric CO2z could start
at =$4,250 per tonne in 2020 and decline to =$1,280 by 2050. These unit price projections from
the LTAG report have been used in the following analysis.

Unit fuel costs across categories of fuel

At today's high fossil fuel prices, some SAF is at parity. With the addition of carbon pricing in the future, SAF will not be prohibitively expensive

$4,500
N SAF: power-to-liquid from direct air capture
N\
$4,000 \
SAF: waste gases-based fuel \\

$3,500 S . N
2 AN
S $3,000 o N\
< s\
2 N ~
S
s $2,500 NS ——
o | T - \\\\
§ s e i, S
f:i Spot price: _ s=a
S $1,500 May 6, 2022 SAF: waste and biomass-based fuels
oo Moz e do -
s A e ceeeemmmmmmmemmT
E} $1,000 Fossil fuel: jet fuel price '.
S ' spread 1990-2019 '.'

$500
0
o® o & N N & g 2 & & W w &
N o> o> 0 > > B W 0 P 0 i

» Annual average oil and gas capital expenditure forecast 2021-2030 (for top 12 companies
only, not just aviation-related): $141.2bn

» Annual average total oil and gas capital expenditure 2014-2021 (not just aviation): $420bn?

» Annual average capital expenditure requirements for full transition to SAF 2022-2050:
$51.8bn.

Oil and gas capital expenditure

2014-2021 capex across whole industry, IEA data Capex per day 2021-2030 for top 12 companies alone, $m
o o o o o o o
o — ~N o ~I n ~0 o~
$ltrn $3 3trn Saudi Aramco I
' |
el ($420bn / year average) L
$800bn PetroChina I
$700bn ExxonMobil I
$600bn Shell I
$500bn Rosneft N
$400bn Chevron I
$300bn TotalEnergies I
$200bn Petrobras N
$100bn BP I
0 ConocoPhillips I $387m per day
© @ O S N
,,9\\) {‘9\‘0 S r‘9\‘\ s $ Eni ($141.2bn per year)
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Why focus this analysis on energy transition, not new technology?

As described in the ICAO LTAG-TG report, the potential incremental costs to aircraft operators
resulting from aircraft technology improvements are difficult to isolate and quantify:

» Aircraft transaction prices are generally not publicly available, and it is therefore difficult
to extract/isolate the contribution of aircraft technology improvement to aircraft total
price.

» The relationship between aircraft acquisition costs and potential fuel savings those aircraft
provide is difficult to ascertain.

» Whilst there may be some elements of new technology aircraft (such as hydrogen) that
could be more expensive — new systems and larger fuselage to allow for tank space - this
may well be balanced out by the reduction in fuel costs per unit of energy and/or lower
maintenance costs for simpler propulsion systems.

Given the ATAG Waypoint 2050 and LTAG scenarios showing that, before 2050 at least, SAF will
make up a majority of the emissions reductions, this analysis focuses on that aspect.

However, the LTAG report did quantify investments by OEMs towards new aircraft programmes
(non-recurring costs) over the next 30 years, estimated to range from $180 billion (IS1) to $350
billion (IS3). This represents an average of about $6-11 billion per year - in line with current 0OEM
development costs. As noted in the report, these aircraft development investments are global
figures, including both domestic and international aviation as the development and production of
aircraft cannot be broken down into domestic or international only.

Will the cost of flying increase? And will this impact growth of air
transport connectivity?

The short answer to “will air fares go up to pay for decarbonisation?” is “we don't know". There
are so many variables that make up the price of an airline ticket and it is challenging to provide
an accurate assessment of how new technology and new fuels may impact the cost of air
transport to consumers. It is clear that air fares have fallen significantly since deregulation in the
1970s, although the reduction in air fares has not been uniformly experienced.

However, in high-level macro analysis based on current expectations of the price of sustainable
aviation fuels and continued efficiency improvements, the graphs (page 6) show the evolution

of operating expenses for the global aviation industry from 1990 including the Waypoint 2050
scenarios from 2020 to 2050. Expenses are broken down into non-fuel and fuel expenses as well
as potential costs from offsetting (or other carbon removal options in the mid- to long-term).

Historically, fuel costs were generated by fossil fuels. Over the last 30 years, the cumulative cost
to airlines from fossil fuels represented $4.3 trillion (in 2019 dollars). For this scenario-based
analysis, an average price of fossil jet fuel over the last 10 years ($825 per tonne) has been used,
although if fossil jet fuel was to stay at today’s levels (=$1,240 per tonne), the differential cost of
SAF (and therefore cost of transition) would be significantly less.

As global aviation’s fuel mix transitions to SAF, the share of fossil fuel costs would decline. The
costs of SAF are broken down into:

1. baseline fuel costs which would be incurred if fossil fuels were used instead of SAF; and

2. incremental costs from SAF resulting from the unit price premium of SAF (the minimum
selling price minus baseline fossil jet fuel price).

This second component represents the incremental cost from SAF associated with a Waypoint
2050 scenario. The figure also shows the potential cost of offsets (or other out-of-sector options)
required to meet the net-zero emissions goal by 2050. For the purpose of first order estimates
and illustration, a scenario for price of carbon based on the CO2 price expectations under I[EA’s
Net Zero by 2050 Scenario® was leveraged (a range between $40 per tonne in 2025, going up to
$170 per tonne in 2050).

The assumptions on price and
availability of SAF used in this
report are based on a scenario
where maximum support for
SAF scale-up is provided by
governments through policy
mechanisms, incentives and
other instruments. Without
these levers, SAF will be
significantly more expensive
and less available.

enviro.aero
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Incremental costs associated with net zero goal in context of expenses

Athough the cost of SAF may add to airline expenses, the likely cost of carbon will also add to a scenario without an energy transition

Scenario 3

Aspirational and aggressive technology

Scenario 0 Scenario 1 Scenario 2
Baseline / continuation of current trends Pushing technology and operations Aggressive SAF deployment
$1,800
$1,600
_ $1,400
S
S 41,200
§
S $1,000
o3
Q
£ $800
3 $600
Qo
3
e
T $400
&
S
$200
0
B Incremental cost from SAF B Fossil jet fuel cost I Cost of out-of-sector market measures
B Baseline cost from SAF B Non-fuel expenses Il Cost from hydrogen
Waypoint 2050 Scenario Notes
SO The baseline/continuation of current trends scenario outlines a

Continuation of current efficiency
improvements, some gradual
increase in SAF deployment at a
limited rate and no real technology

limited reliance on SAF by 2050 and incremental cost from SAF
that may represent less than 2% of non-fuel and fuel operating
expenses in 2050. Conventional fuel costs would equal $9.4
trillion over the period. Under this scenario, the goal would

shifts
be met using large quantities of offsets or other out-of-sector
measures (16.7 GtCO:z of offsets for a total cost of $2.3 trillion).
S1 In a scenario focusing on aircraft technology and operations,

Pushing technology (but not
hydrogen) and operations

while cumulative incremental costs from SAF from 2020-2050
may represent $4.2 trillion, this represents a part of the $9.3
trillion of cumulative baseline fuel costs (that would be incurred
if fossil jet fuel was used). The incremental costs from SAF may
represent 23% of non-fuel and fuel operating expenses in 2050.
Finally, to close the gap to the net zero goal by offsetting about
135 MtCOg, the cost from out-of-sector measures would be
limited to $23 billion in 2050 (1.5% of total operating expenses).

S2

Aggressive SAF deployment focus

Under this scenario, the cumulative incremental costs from SAF
from 2020-2050 may represent $5.1 trillion out of $9.8 trillion
of cumulative baseline fuel. The incremental costs from SAF
may represent 26% of non-fuel and fuel operating expenses in
2050. Under this scenario, the cost of out-of-sector measures
may represent $26 billion in 2050 and a cumulative total of $230
billion from 2020 to 2050.

S3

Aspirational technology (including
hydrogen for short haul)

Finally, under an aspirational and aggressive technology
perspective, the incremental costs of SAF in 2050 may represent
19% of non-fuel and fuel operating expenses. In this scenario,
115 MtCO: of offsets or other carbon mitigation options may be
required to close the gap to the net zero emissions goal and may
represent 1.3% of total operating expenses.

In each of the above scenarios,
net-zero is reached. But in
Scenario 0, aside from the
cost of meeting net-zero
through offsets (or other
out-of-sector measures),

the industry may also face
additional costs to finance
fleet and capacity increases,
as net-zero guidance for the
finance community (SBTi

or green taxonomy) does

not allow offsetting to be a
primary driver of reaching net-
zero. It should also be noted
that the cost of fossil fuel used
is a relatively conservative
estimate based on historical
averages - using today's high
fuel price would change the
calculations significantly.

enviro.aero
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Operating expenses and the evolution of traffic

Costs for the industry may rise, but those costs will be able to be spread across more passengers
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While operating expenses may increase from 1990 to 2050 by a factor of 2x (scenario 0) to 2.2x
(scenario 2), this needs to be placed in context of the substantial increase in global aviation
traffic, measured in billions of RPKs, which are expected to be multiplied by a factor of 11.5x
from 1990 to 2050.

However, external costs to the operation should not be overlooked. In the decade before
Covid-19 hit the industry, airlines paid an average of $111 billion a year in tax to governments®.
Some of this was in the form of value-added tax on some routes and corporate tax, but in some
areas of the world there are significant levels of departure tax or tourist tax which are simply
revenue generators. Countries concerned about the cost increases due to decarbonisation goals
in aviation may also like to look at the impact that taxes have on potential passenger growth.

The projection of average fuel costs is heavily dependent on the unit price of fossil jet fuels
especially during the next two decades. The baseline scenario assumes fossil jet fuel at $825 per
tonne (in 2019 dollars), although we are currently experiencing $1,240 per tonne (in 2019 dollars)
and these higher levels could continue for some time. Under Waypoint scenario 0 (basically
‘business as usual’) and given the modest uptake in SAF, the system wide average fuel cost may
increase to $890 per tonne by 2050 under this scenario.

Unit fuel costs: historical and Waypoint 2050 scenarios

As the industry transitions to sustainable aviation fuels, the unit costs of fuel may slowly increase over time but not far beyond historical highs
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Shifting to Waypoint 2050 scenarios 1, 2 and 3 where 90% of fossil jet fuel is replaced with SAF
by 2050, the average unit fuel costs increase over time as the volumes of SAF increase. While
there are some differences across scenarios due to differences in the share of types/categories
of fuels, overall, by 2050 the average cost of fuel reaches +/- $1,600 per tonne. While this is
close to twice the baseline fuel cost, it is in range with high fuel cost experienced historically (for
example, in 2008, 2010 and 2022).

In addition, the cost of carbon (through emissions trading schemes, carbon pricing mechanisms
and so forth) will need to be considered. The chart above (page 7) depicts a carbon price scenario
based on IEA’s Net Zero by 2050 analysis’ ($40 per tonne of COz in 2025, $80 in 2030, $135 in 2040
and $170 in 2050) and has been added to the baseline fossil unit fuel cost: the cost of carbon will

need to be built into airline business planning, either through CORSIA or other pricing mechanisms.

As shown below, the average one-way fare (in $2019) was cut by a factor of 4 between 1995

and 2019. This trend was driven by several elements including: airline operational efficiency
improvements (such as load factor improvements, airspace efficiency improvements and
technology), continued liberalisation and the emergence of low-cost carriers. Given historical
trends, base air fares at a global level could be expected to continue to decline. The modelling
below is driven by assumptions on non-fuel costs that are assumed to decline by 2.8% per
annum on a unit basis, a conservative estimate given historical trends that ranged from -4.8% to
-2.3% per annum from 1990 to 2019).

Historical trend in underlying air fares

Air fares at a global level have exhibited remarkable declines and there is no indication that this trend will not continue

$600
$500
$400

$300

Global average (regional and

$200 national experiences will differ)

$to0 | T T e e e L

Global average one-way airfare (in 2019 dollars)

As the global aviation industry transitions towards a net zero goal by 2050 and the cost of
SAF declines due to increased supply and efficiency, the incremental costs associated with
CO:z emissions reductions measures under scenarios 1, 2 and 3 may represent an increase in
the illustrative global average one-way fare by about $1 to $7 (in 2019 dollars) compared to a
scenario 0, where out-of-sector measures need to be used to reach net-zero.

A sensitivity analysis was also run to check what the comparison would be if no out-of-sector
measures were used and net-zero was not reached. The difference between the Waypoint 2050
scenarios 1-3 and this alternative scenario (without out-of-sector measures and not hitting
net-zero) range from $13 to $19 (in 2019 dollars) in 2050. Despite this increment in air fare
due to fuels and out-of-sector measures, the illustrative global average air fare could still be
lower in 2050 compared to 2020, based on a conservative continuation of historical efficiency
improvements.

Decarbonisation will require
aircraft operators to invest
in new technology and SAF,
incurring costs that will be
reflected in their business
models.

Analysis indicates that despite
these costs airlines will be able
to provide greatly expanded air
transport services, continuing
to drive economic growth and
deliver benefits throughout the
world (such as the 87.7 million
jobs and 4.1% of global GDP
supported in 2018), at air fares
similar to today's (likely lower
in some parts of the world

but perhaps higher in more
mature markets).

Historically, the airline
industry has experienced low
margins compared to many
other sectors. For example,
from 2004 to 2019 operating
margins averaged 4% (with a
range from -0.2% to 8.6%) and
net profit margins averaged
1.6% (range: -4.6% to 5.0%).
The scenario-based analysis
contained in this paper
assumes that airlines will
continue to operate in a highly
competitive environment with
returns on investment in line
with historic levels.
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In some regions of the world, there is room for more efficiency improvements or liberalisation
opening markets. Other regions, particularly more mature markets, may see a slight increase in
fares. It is important to emphasise that air fares are estimated based on a range of assumptions
— this illustrative analysis is considered fit for purpose to place costs in broader context. It is not
meant to represent a forecast of future air fares. In addition, the cost of inactions discussed in the
following sections are not considered and embedded in the alternative scenario where net-zero
is not reached.

The increment to get to net-zero may be partially compensated by continuing declining base
fares, or improvements in efficiency, or even if the average price of fossil jet fuel remains high.
However, it is also often outweighed by ticket taxes in many parts of the world. For example,
Mexico has a tourism tax of $31.83 per passenger, Argentina’s departure tax is $57, the United
Kingdom Air Passenger Duty ranges from $104 to $228 per long-haul passenger, Colombia’s
departure tax ranges from $40 to $47 per passenger (and a tourism tax of $15), Australia
charges $42 for international flights and Mauritania $55 per passenger.

Whilst the impact on air fares of switching to sustainable aviation fuel may increase ticket prices
compared to where they would be with no net-zero pathway, there will also be an air fare impact
to not taking this action, with cost increases in a range of areas making their way onto the ticket:

» The industry may experience more costly financing for aircraft or airport developments due
to a lack of net-zero pathways.

» Constrained growth could lead to a change in supply / demand dynamics.

» Carbon costs, including potentially fragmented taxes and emissions trading schemes could
increase the cost of travel.

» Eventually, the cost impacts of adapting aviation infrastructure to a changing climate would
need to be built into the cost structure of the industry.

The cost of inaction — some of the costs without a global goal

There have been a range of assessments of the cost, both financially and ecologically, to not
reaching our collective global targets to reduce emissions. For a sector such as aviation, the
negative impacts are also going to be felt: from impacts of increased weather activity to our
operations; the ability for our equipment to deal with changes in climate; shifts in markets as
some routes get too hot at certain times of the year; and possibly wholesale impacts on our
destinations, particularly island nations and low-lying airports and cities.

None of these can be fully quantified right now at a global level, some studies have been done
looking at adaptation costs for airports in Europe. However, the industry also needs to factor
in another possible shift: will our growth and continued operation be impacted by reduced
acceptability of air transport if we do not address our climate footprint?

Potential passenger response to climate inaction?

Agrees with the statement "In the future, | will avoid flying if | do not think airlines are reducing their carbon footprint”

60 Global average

50
Survey for IATA/ATAG

._ ----------- . McKinsey survey

30 .__ ___________________________________ global average

40

20

Percentage of respondents
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Survey: “Plan to reduce air travel for climate reasons”

McKinsey Survey of 5,500 people in 13 countries, 2021

Age Germany Spain Sweden Poland UK USA Canada Australia Japan :::::; China India Brazil
18-24 50% 32% 75% 33% 70% 55% 67% 38% 22% 45% 54% 51% 55%
25-34 48% 31% 44% 29% 39% 53% 22% 47% 45% 37% 31% 52% 36%
35-44 31% 31% 38% 29% 37% 43% 40% 38% 14% 39% 42% 446% 40%
45-54 14% 32% 446% 36% 25% 28% 38% 27% 1% 46% 46% 52% 39%
55-64 26% 34% 27% 46% 26% 31% 19% 23% 7% 6% 48% 34% 33%
Average 34% 32% 46% 35% 40% 42% 37% 35% 20% 35% 44% 47% 41%

Before Covid-19 hit the industry, the topic of ‘flightshame’ was gaining prominence, particularly
in Europe. Whilst it had not started to impact individual passenger bookings by that point, IATA
conducted a series of surveys of passengers in several markets to understand what the possible
impact of a shift in attitudes to flying may bring. Despite Covid, the responses to the statement
“In the future, | will avoid flying if | do not think airlines are reducing their carbon footprint” have
continued to increase across all markets — a similar trend has been seen in a wider range of
markets surveyed by McKinsey®.

The McKinsey survey across 13 countries also showed a generational shift, with a higher
proportion of younger respondents saying they would reduce air travel for climate reasons.
This group already makes up the largest proportion of passengers and will be almost the entire
passenger market by 2040. Additionally, it is clear that the intention of reducing air travel is not
just related to those markets where climate is highest on the agenda, with over 50% of under
24-year olds in most of the markets surveyed saying that they plan to reduce air travel.

Younger passengers say they are more likely to act

McKinsey survey of 5,500 passengers in 13 countries, 2021

18-24 25-34 35-44
years years years

Plan to reduce their own
air travel for climate - - - Sl 38% EEEE 38% EEEE
reasons
Have a bad conscience
whenflying T T T kel T T R NELAA A

Corporate customers

Whilst large numbers of individual passengers are not currently making air travel decisions
based on climate concerns, even in European countries where the debate is highest, there is a
significant shift in corporate travel policy from large customers of aviation. Anecdotal evidence
suggests travel policies for many government agencies and public institutions are starting to
deny air travel if it can be replaced with other forms of transport, or severely limiting particularly
long-haul flights. Sometimes this is based on budget processes (the last two years have seen
some significant savings for corporations), but in many cases, climate awareness is seen as the

key driver.

Aviation should definitely
become carbon neutral
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For airlines, corporate travellers represent 12% of passengers and generate billions in revenue
— as much as 75% of profit on certain flights’. As such, business travellers represent an
essential segment.

A large number of companies are also starting to implement goals for COz reductions from
their business travel. These could be tackled in several ways: through reducing absolute travel
of their staff; by purchasing offsets; or by purchasing SAF. We can expect this trend to continue
in companies across the world as they respond to calls to account for so-called ‘scope three’
emissions from their operations.

This will inevitably have an impact on airlines not only in their home markets, but also across the
world. A large corporate may have special deals with home carriers, but given the global nature
of travel it is likely that they will normally purchase tickets on carriers all over the world.

Investors are prioritising climate action

Robeco survey of 300 global investment companies, 2021

Two years ago Now Next two years

Climate is at the centre of
our investment policy

Climate is a significant
factor in our investment

policy

Climate is not a
significant factor in our
investment policy

Climate is no part of our
investment policy at all

The investment and finance community

Aviation needs finance. A global survey of investors in 2021 also found that there is a rapid
shift in focus by very large investors towards climate ambition, with 86% of investors saying that
climate change will be the centre of their investment policy, or a significant part of it, in the next
two years. The same survey showed that nearly 20% of institutional investors’ overall portfolios
will be divested from carbon-intensive assets over the next five years.

Increasingly, airlines are being required to report climate-related data to institutional and retail
shareholders and demonstrate a robust climate action plan when seeking investment. This will
impact airlines’ ability to purchase new aircraft and airports’ ability to fund expansion plans.
Indeed, capital is global and many of the world'’s largest financial institutions fund activities all
over the world: not just in mature markets.

In addition, Climate 100+, a group of 615 investors which are responsible for $65 trillion in assets
under management, have set a Paris Agreement-aligned pathway for air transport which will
force the industry to meet stringent emissions reduction goals''. And the Transition Pathway
Initiative'?, bringing together 124 investors with $40 trillion under management is now ranking
airlines based on their adherence to climate-aligned pathways. The Science-Based Targets
Initiative has also been established to provide a benchmark for corporate climate action and has
published aviation-specific guidance'®. Despite our misgivings to the methodology of a number of
these initiatives, they are already having an impact on decisions by asset managers as to where
they will allocate capital opportunities in the future.

enviro.aero Y YV AG -

AR TRANSPORT ACTION GROUP



FACT SHEET #15 / REFERENCES

References

! ATAG Waypoint 2050, 2021 and ATAG and ICF, Fueling Net Zero, 2021: www.aviationbenefits.org/W2050

2 International Energy Agency, Oil 2021, 2021: https://iea.blob.core.windows.net/assets/1fa45234-bac5-4d89-a532-
768960f99d07/0il_2021-PDF.pdf

3 |ATA, Jet Fuel Price Monitor: www.iata.org/en/publications/economics/fuel-monitor/

4 ICAO, LTAG-TG Report Appendix M1, www.icao.int/environmental-protection/LTAG/Documents/ICAO_LTAG_Report_
AppendixM1.pdf

5 |EA, Net Zero by 2050, A Roadmap for the Global Energy Sector: https://iea.blob.core.windows.net/assets/deebef5d-
0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf

¢ |ATA, Economic Performance of the Airline Industry, June 2020: www.iata.org/en/iata-repository/publications/
economic-reports/airline-industry-economic-performance-june-2020-report

7 IEA, Net Zero by 2050, A Roadmap for the Global Energy Sector, available at: https://iea.blob.core.windows.net/assets/
deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf

& McKinsey survey of 5,500 passengers in 13 countries, half of them women, ranged in age from 18 to over 75.

From the US, the UK, Sweden, Spain, Poland, Germany, Saudi Arabia, India, China, Japan, Australia, and Brazil. 2021
survey: www.mckinsey.com/~/media/mckinsey/industries/travel%20logistics%20and%20infrastructure/our%20
insights/opportunities%20for%20industry%20leaders%20as%20new%20travelers%20take%20t0%20the%20skies/
opportunities-for-industry-leaders-as-new-travelers-take-to-the-skies.pdf?shouldindex=false

& PwC analysis: www.pwc.com/us/en/industries/consumer-markets/library/corporate-travel-collaboration-essential-
for-covid-19-recovery.html

10 Robeco survey in January 2021 among 300 institutional and wholesale investors in Europe, North America and
Asia-Pacific. The investors are based at a range of organizations: insurance companies, pension funds, private banks,
fund-of-funds, advisory firms, wirehouse broker/dealers, sovereign wealth funds, endowments and foundations and
family offices. They ranged in size from holding less than $1 billion in assets under management (AUM) to over $1 trillion
in AUM, with a total AUM for all respondents of approximately $23.4 trillion. $9.3 trillion in Europe, $9.5 trillion in North
America and $4.6 trillion in Asia-Pacific. www.robeco.com/docm/docu-202103-robeco-global-climate-survey.pdf

1" Climate Action 100, Global Sector Strategies: Aviation, March 2022: www.climateaction100.org/wp-content/
uploads/2022/03/CA100_Aviation_Sector_Strategy_Final_March2022.pdf

12 Transition Pathway Initiative: www.transitionpathwayinitiative.org
13 SBTi aviation: https://sciencebasedtargets.org/sectors/aviation

14 Airports Council International Global Outlook of Airport Capital Expenditure, June 2021: www.aci.aero

enviro.aero

AR TRANSPORT ACTION GROUP





