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How to preserve a connected world...?
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Elements to drive Environmental Performance of ||I Il_&NKFURT
« a0 < UNIVERSITY
Aviation OF APPLIED SCIENCES

Environmental Management System

clear vision, quantified targets, projects & measures

environmental guidelines, defined accountabilities, certification (e.g. EMAS / 1SO 14001)
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Several options available for decarbonization of

an airline

Overview of Options

New technology

Evolution: rollover
current fleet to already
available new jets

What it means

Revolution: electrify
aviation and develop
new designs; hybrid
electric flying as a first
step

Fuel efficiency

Procedures: optimize
on-ground and in-flight
procedures

Cabin weight: intro-
duce new materials to
reduce aircraft weight

Infrastructure

Optimum flight path:
min. circuity resulting
from fragmented air
space; increased
capacity to fly close to
optimum; reduced on-
ground / inflight holding

CO, compensation

Carbon credits:
industry-agnostic
decarbonization for
GHG emissions of
another party (in
developing countries,
nature-based solutions)

| | FRANKFURT
UNIVERSITY
OF APPLIED SCIENCES

Sustainable fuel
(SAF)

Biofuel: HEFA from
waste oil (used cooking
oil) or municipal waste
gasification

Synfuel: power-to-liquid
fuel produced from waste
carbon and hydrogen

Decarbonization High: new short- and

potential long-haul types are 15-
20% more fuel efficient
compared to previous
types

Impact 2050 vs. 30+%

"do nothing"

Source: McKinsey & Company
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Small: airlines already
focus on fuel (which
accounts for 20-25% of
operational costs

3-5%

Medium: requires
multinational
collaboration of Air
Traffic Management
(ATM) providers

5-10%
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High: but not
considered an industry-
specific option; limited
acceptance depending
on quality of standard

Unrestricted net
reduction

High: SAF provides
70-100% CO, reduction
compared to fossil
kerosene, however at
high costs

Up to 99% net reduction



In a climate ambition pathway, fossil fuels in
aviation are entirely phased out by 2050
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Business as usual (BAU) Climate Ambition
TWh

7,000 Battery electric [JJ] HEFA Battery electric [ HEFA
6,500 - Il Hydrogen Other biofuels 1 I Hydrogen Other biofuels
6,000 - I Power to Liquid Fossil jet fuel 5%, 1 I Power to Liquid Fossil jet fuel
5,500 + 7% .
5,000 - s
4,500 - 16%
4,000
3,500 1 5
3,000 - .
2,500 - .
2 000 72% A
1,500 - i
1,000
500 - 5

25%

48%

17%

7%
0
2019 2025 2030 2035 2040 2045 2050 2019 2025 2030 2035 2040 2045 2050

= The aviation sector’s final energy demand by technology to 2050 in a BAU pathway (left) and a climate
ambition pathway (right)

= On the current path (left), SAF allocation stems from the planned use of SAFs in the United States and the
European Union

Source: Mission Possible Partnership - Ten Critical Insights on the Path to a Net-Zero Aviation Sector, 2021
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Known measures to reduce GHG will not lead to carbon | |

neutrality in 2050 — Aviation is hard to decarbonize

Potential reduction path of an airline vs. 2018

FRANKFURT
UNIVERSITY
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1.5°C vs. reference
case emissions

Abatement
measure Description 2030 2050
Aviation demand  Modal shift from short-haul flights (under 300 miles) to high-speed rail -10% -10%
reduction Remote communication technologies reducing the need to travel
S Structural change in customer preferences and behavior following COVID-19
Energy demand Replacement of older aircraft models with more efficient conventional-technology types 6% -13%,
reduction Retrofit of existing fleet with energy-efficiency features such as winglets (to reduce aerodynamic drag) and light
weight components
@ Optimization of airport operations and air traffic control
Fuel efficiency of aircraft operations
Electrification By 2050, electricity would need to make up 6% of aviation fuel consumption through the development of battery- -2% 6%,
powered, hybrid- and turboelectric propulsion technologies. Electric aircraft would be limited to short-haul flights
(batteries are not as energy-dense as fuel).
Sustainable Biofuels: Crop-based biofuels (e.g. vegetable oil) and advanced biofuels (e.g. Camelina) would account for 20% .79, =529,
aviation fuels of jet fuel by 2030 and 35% of jet fuel by 2050 - more types of advanced hiofuels become economically and
(SAFs) technically viable
~ Hydrogen-based synthetic fuels: Synthetic fuels (from hydrogen & captured carbon) would need to account for
@ 35% of jet fuel in 2050. In a best-case scenario, synthetic aviation fuels could become cost-competitive with fossil
jet fuel between 2030 and 2040, as costs of inputs (i.e. electrolyzers, renewable energy) continue to fall
Emissions reductions compared to reference case -35%, -81%

Source: McKinsey 1.5°C Scenario Analysis
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Long Range Aircraft Efficiency Development | | Eiﬁygﬁg
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Medium Size Large Size

Previous —_ - - -
Technology e e T
Fuel/SKO e HO
Fuel/SKO ca- BN 2. AT A7
Current ca.-20-25% Fuel/SKO ﬁ' —
Technology ca. -25% 777-300ER
Fuel/SKO
787
\ﬁﬁj Fuel/SKO ca. '30% .
New k l- o Lufthanea e ca. -30% : :-"'
| —T— x5 e i e 777-9
Technology /  A350-900 /

A330neo

Based on generic, comparable capacitites

Source: LH A/C Management
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Short Range Aircraft Efficiency Development | | FRANKFURT
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Small Size Medium Size Large Size

Previous e
Technology
Fuel/SKO
Current P s trererereny cov e T -___‘__:'_..J
Technology Fuel/SKO Fuel/SKO
ca. -14-20% ca. -13-16%
Fuel/SKO
ca. -40% ﬂ A
New “j‘ A321neo
Technology A320neo0

Based on generic, comparable capacitites

Source: LH A/C Management
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Aircraft fleet modernization trends of selected three

lines

major air
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Source: Airline annual reports, BloombergNEF. Note: Data as of 2021
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Expected sequence of future aircraft generations — ||I Il FRANKFURT
<7t's

. CUNIVERSITY
radical change needs another 20+ years OF APPLIED SCIENCES

Potential gap with few new A320 successor?
models being closed?

501-650

401-500

301-400

211-300

151-210

101-150

51-100

2015 2020 2025 2030 2035 2040 2045

Source: Aircraft Technology Roadmap to 2050, IATA
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Aerodynamics

Blended Wing Body (NASA/Boeing) to p u S h

Electric Regional Aircraft (Heart) A/C)

Source: OEMs et al.
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New engine technology (MTU)

¥ : L
S s ls aviation ready

disruption? e~

Unducted fan (Safran)

Ideation cooperation

Airbus Zero-e concept (hydrogen powered aircraft)

Alternative Propulsion

Bauhaus Luftfahrt (hydrogen long-haul

LUFTHANSA GROUP
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New propulsion technologies with range issues — | |
Sustainable fuels as only near term option

0 \24 ©

7 e
Comparison vs é Sustainable X
fossil kerosene Battery-electric H, fuel cell H, turbine aviation fuel

Climate impact' @ 100% reduction’ 75%-90% reduction 50%-75% reduction 30%-60% reduction®
()

Aircraft design n@ Low-battery density limits Feasible only for commuter | Feasible for all segments Only minor changes
= ranges to 500km-1,000km | to short-range segments excepl for flights >10,000km

Aircraft operations Same or shorter 1-2x longer refuelling 2-3x longer refuelling times | Same turnaround times
turnaround times times for up to shortrange | for medium and long range

Airport infrastructure éﬂ Fast-charging or battery LH, distribution and storage required Existing infrastructure
exchange system required can be used

Major advantages Major challenges

Assessment summary:

= Available: as of >2040s = Available (limited quantities)
= Challenge: H2 3x volume of kerosene = Challenge:Price difference to
= Range Europe o.k. - Long Haul? fossil

= Range Europe and Long Haul

i.Including CO2, NOx, water vapour and contrails ii. Assuming 100% renewable electricity iii. For e-fuels with fully decarbonized supply chain

Source: Clean Sky 2 JU & FCH 2 JU: Hydrogen-powered aviation report; expert interviews
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Technology also drives Noise Reduction | | FRANKFURT
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Noise development of aircraft: Reduction by 30 dB (equals 88%)
(metered at sideline, standard norm 500 kN)

120
e B e e e e e
8707-120
- 1
88% !
110 (-30dB)
1
p . l !
1
L] 1
B727-100 1
1
1
100 ﬁ :
s 5 b :
300 B4-bo B 1
8737300 = : %
A340-600 B737Max-B
0
90 ‘ A380-842 ° .‘CS:O%
> A350°900
Anzahl der Sitzplitze P
200 400 600 Boo 87878 1
- . . . ® A313nep Leap
1850 1960 1970 1980 1990 2000 2010 2020 2030

year of certification

Source: BDL Larmschutzportal

Page 16 SMAT - September 2022 — For teaching purpose 15-16.09.2020



IlI I| FRANKFURT
< UNIVERSITY

OF APPLIED SCIENCES

Industry Action

Introduction: Aviation Areas of Action

Technology — Fuel and Noise effective

Sustainable Aviation Fuels

Compensation hallo

Waste, Wildlife and Trafficking Tourism

Page 17 SMAT - September 2022 — For teaching purpose 15-16.09.2020




Air Traffic Management (ATM) : Pain points in the ||I Il FRANKFURT
<u'§

.. “UNIVERSITY
current set up are costly and cause extra emissions OF APPLIED SCIENCES

l “
OO(I)I Automation and use l 2N © Lean and modular systems,
easily upgradable and

of data communications I TR
I gk e E interoperable
OI00| - ;

Integration of all vehicles - Sharing of information
‘—‘ {
| 1.8
All air vehicles fully integrated : ‘.‘ Information shared digitally
\ ;

IlIOIOlIO:glgl) Automation support Z Integrated systems

in ATM environment via data services

(& (incl. RPAS) LT T
' i

G il FUBnt ana Towcantii .. .- Virtualisation
olloIo operations

Airspace users fly their
preferred business and
mission trajectory in a flow
and network context

Virtualisation allowing more
dynamic resource allocation

1ol

“The fragmentation of the European air traffic management system is responsible for 3
billion Euro of extra costs a year and 50 million tons of CO2.” Source: EC Press Release Aviation, 2017

»

Source: https://www.sesarju.eu/vision
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http://www.sesarju.eu/vision
http://www.sesarju.eu/vision
http://www.sesarju.eu/vision

| FRANKFURT

SESAR: modern European ATM by developing and |
. . . . UNIVERSITY
delivering new/improved technologies/procedures ™ ¢ appuieo sciences

Planning
Medium-and short-term
planning
| Pre-departure

Final approach

Post flight phase

Taxi-out and Landing Post

Descent and taxi-in flight™;

... Planning

departure take-off

Improved ANS operations productivity
|

Lean and efficient use of ANS infrastructure
|

Increased collaboration and operational predictability

1 1 1
Improved airport performance Improved airport performance
and access | and access
|
Improved flight trajectories
|
Inclusion of all air vehicles into the airspace
| |

Enhanced safety and security

Source: https://www.sesarju.eu/vision
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Airports are key nucleus to achieve less local ||I Il FRANKFURT
IR UNIVERSITY

emissions OF APPLIED SCIENCES

@ Electricity provided by airport power supply
@ Pre-conditioned air delivered to aircraft

@ Aircraft air conditioning system
@ AFU can remain off from a few minutes after arrival until a few minutes before departure.

— p———— g e e § Sl ey

L B b ) oo A S S LD o
b b i 1ot e Semsied  ooe Loy sl T avnFagedis -y -"7 - . . - )

~_‘_ﬁ.!M\‘z:“t.msv*l:g.\*%fjllll /i.. e ST £ e

a

Source: https://www.sesarju.eu/vision
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Deep Dive SAF: HEFA is the most mature while Power- LFJI?M/T\TKFSU"FE\T(
ERSI

to-liquid, in development, has highest potential OF APPLIED SCIENCES

CO2 from BECCS can be used as feedstock

HEFA Alcohol-to-Jet'

Power-to-liquid
Description Deoxygenating feedstock and Fermenting feedstock into an Gasification of leedslock into a Producing a syngas by elecltrolyzing
hydrotreating to form alcohol and processing into a syngas, mix of CO2 and hydrogen,  water and mix with captured CO2 to
hydrocarbons hydrocarbon and combining with hydrocarbon combme with hydrocarbons
Opportunity Safe, proven, and scalable Potential in the mid-term, however significant Proof of concept 2025+, primarily
technology techno-gconomical uncertainty where cheap high volume electricity
is available
Technology maturity Mature ¢ Commercial piiot —  Indeveiopment
Feedstock Waste and residue lipids, Agnicultural and forestry residues, municipal Unhmited potential via direct air
purposely grown oil energy plants? sold waste, purposely grown cellulosic energy capture
Transportable and with existing -— crops* —  CO, and green electricity
supply chains High availability of cheap feedstock, however Bt S copiry as Bridg
Potential to cover 5-10% of total fragmented collection e ging
jet fuel demand
% LCA GHG reduction  70-85%2 -— 82-94%° —_—  B5-100%F

vs. fossil jet

1. Ethanol route;2. Oilseed bearing trees on low-ILUC degraded land or as rotational oil cover crops; 3. Some waste feedstock may also have lower GHG
savings; excluding all edible oil crops;4. As rotational cover crops; 5. High share of plastic in MSW may result in lower GHG savings; excluding all edible
sugars; 5. Based on CO2 from direct air capture; emission reduction can go up to 100% with a fully decarbonized supply chain

Source: CORSIA; RED Il; De Jong et al. 2017; GLOBIUM 2015; ICCT 2017; ICCT 2019; E4tech 2020; Hayward et al. 2014; ENERGINET
renewables catalogue; Van Dyket al., 2019; NRL 2010; Umweltbundesamt2016
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SAF production is in an early start-up phase - less than 0.5% of |
industry demand is currently available on the world market

@ Current Forecasts for SAF Ramp-Up

inmt

B0 4

| Example:

| LHG Fuel Demand 2030

2020

Quelle: WEF Clean Skies for Tomorrow, McKinsey Studien
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2025

2030

2035

Power/Sun
to Liquid

Advanced
Biogenic Fuels

1 Current SAF (HEFA)

2040 2045 2050
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= Biogenic fuels will dominate until
at least 2040

= Numerous industries compete for
the same raw materials for
sustainable energy production

= "Power to Liquid" (PtL) fuels most
promising long-term solution, but
not/barely available in the short
term



BioFuel has its limits | | FRANKFURT

UNIVERSITY

OF APPLIED SCIENCES

What about bio fuel?

Proposition

The LH Group Airlines need a total
of ~10 Mio. t fuel.

Bio fuel is best made from canola
oil.

Reality
To generate 10 Mio t. of pure bio
fuel we would have to cultivate

canola on about 80.000km?

That is roughly the
¢ size of Lower Saxony

and North-Rhine-
Westphalia

Source: LH G calculation, own research
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Power-to-Liquid (PtL) is a possible option, but is |

not yet available at large scale

Basic structure of “Power-to-Liquid (PtL)” process

Electricity Hydrogen
generation production

pA4
v(\v |
<
’.
Water

» Production of hydrogen from water and renewable
electricity

= Use of hydrogen to re-energize CO2

= Conversion of carbon-hydrogen syngas into liquid fuels

Source: SAFUG, BDL, own research

| FRANKFURT
UNIVERSITY
OF APPLIED SCIENCES

© Advantages
= Necessary ressources in principle not limited

= Potentially good political support

Compatible with ,,Energiewende”

Can be integrated into existing logistics

@ Critical issues
» Requires large scale storage of hydrogen

» Required to buffer fluctuating availability of
renewable electricity

= Availability of CO2 in suitable volume,
concentration and purity

= Needs to work at industrial scale

= As of now very expensive (factor 10 times to
fossil kerosene)
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Hugh cost differences depending on estimates | | ERANKFURT
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€5.00
€4.54
€4.50 o
€4.06
€4.00 @
€3.30
€3.50 ° o
° .
o €3.00 €66
= ®
= €2.50 ®
a 6 [ |
w L
®
€2.00 ] 4
0
€1.50 e e
® °
@
€1.00 €1.10 °
[ ]
€0.50 ° ° ° S
Conventional Aviation Fuel
€0.00
Biofuel near-term Powerfuels near-term Powerfuels 2030 Powerfuels 2050

Source: dena, Global Alliance Powerfuels - Powerfuels in Aviation, Oktober 2019
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Hugh cost differences depending on location ||I || _FRANKFURT
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Nore: Prices of naiural Gas and premium petrol are based on average values from scenarios dy the wWorid Bank and the IEA. Other costre-
ductions for P15 / PiL may resuit from advancements in PV, from battery storage that increases ful load hours, and from especially large
slectrolysis faclities. Cost increases may resut from higher (ost of capital cue to higher country risks,

* Offstore wind power
** PYand PV/wndsystems
*** Geotherma / hydropower ftotal potantal imited 1o 50 terawatt hours)
Note: 10 cents der kilowatt hour is equivaient to around 90 certs der liter of liquid fuel.
Source: Frontier Economics, in: Agora Verkehrswende and Agora Energiewende (2018).

Note: Without network charges and distribution cost.
PtX production cost in in North Africa and the Middle East include transportation cost to Europe.
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Strong material disparity in breakeven carbon price |
for airlines

| FRANKFURT
UNIVERSITY
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Breakeven Carbon Price by Airline in 2019

180.0
Note:
160.0 = 52 airlines qnalysed in this report, pro_duping _almost
70% of the industry’s total carbon emissions in 2019
=  Calculations are based on the assumption that
140.0 100% of carbon emissions are offset as a direct

expense of the airline and included in financial

Breakeven Carbon Price ($/T)

120.0 reporting.
100.0
80.0
Median Value. $64/T
60.0
40.0
- IIIII
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= The top quartile airlines could have absorbed a 2019 breakeven carbon price of USD133/tonne,
the bottom quartile only USD19/tonne, a differential of over USD110/tonne

= External views on carbon pricing under the Paris Agreement are typically in a range of between $40 and
$80 per tonne in 2020 and rising to levels closer to $100 per tonne by 2030

Source: CAPA — CENTRE FOR AVIATION, ENVEST GLOBAL AND AIRLINE REPORTS
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Impact of Increasing SAF use - No Revenue Increase
Resulting in Decreased 2019 Profit Margin |

2000

15.0%

0.0

5.0%

5% SAF

0% SAF

20% 3AF

A

| FRANKFURT
UNIVERSITY
OF APPLIED SCIENCES

Note:
Assumption of a 3x cost premium of
SAF over traditional jet fuel

Alrline ProfitMargin (%)
o
o

-5.0r%

1000

-15.0%

Spring Alrlines
GOL
British Alrways

Caslta

So uthwes

a1

Japan Ajrline:

Blaska Alr Group

Hawaiian
&irChina

140G

United Continental

Je B lue

Aegean Airlines

VY

KLM

Juneyao Alrlines
Eayjet

LATAM

Arnerican Airlines

Cantas

ANA Haldings

&ir Canada
Turkish &Airlings

China Eagtem
Singa pore Airlines
Air Mew Zealand

Fiansa Metwark Airlines

= At 5% SAF adoption, the top quartile of airlines would see o
10.7% (-20%), Airlines in the bottom quartile a margin reduction from 1.7% to -0.9%

= At 10% SAF adoption, margins would drop to 8.2% and -3.5% respectively for the top and bottom

guartile.

Source: CAPA — CENTRE FOR AVIATION, ENVEST GLOBAL AND AIRLINE REPORTS
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Transaction Flows in change - Corporates can purchase | R ANKEURT

SAF certificates from the producer or from the airline | UNIVERSITY
OF APPLIED SCIENCES

SAF transaction flows in the market

Option1

claim

Airline can Corporate

| can claim

@ Scope 1 — @ Scops 3

P -

< <7

Producer Airline Corporate
Airline can
H clai
Option 2 % [ <
- Risk of “loss of control” for airlines
L / Airline from “Book and Claim”
ﬁ —_— leading to exchangeability
\ — Corporate
= [h c?n claim
Producer ] © SR
nln
Corporate

Source: Accenture — Sustainability in Aviaiton
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Comparison of Voluntary Carbon Credits vs. |
Compliance Carbon Credits |

Compliance Carbon Credits Voluntary Carbon Credits

Entities regulated by compliance carbon markets have to source
and retire 1 allowance for every 1 tCO2e emitted.

/” Payment \
™ ~r
Other
— Market —

Participants

Polluting entities can purchase and retire 1 carbon offset
cenrtificate for every 1 tCO2e they are looking to offset.

/ Pa%ent \ :
a Q e

Polluter A with Polluter B with
emissions above target emissions below target
Polluters looking to Emission reduction and
Allowance offset emissions sequestration projects
transfer
\—111 \ /
® @
Allowance Allowance issuance Certificate
etirement through auction or Ali?wancet transfer O
free allocation retiremen Cerﬂfcate Certificate
; retirement N issuance
111 111}
E— Carbon Offset
Compliance Registry
Registry
e.g. EUETS e.g. C&ERSIA

Source: Goldman Sachs Global Markets Division.
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Complex universe of “classic” compensation types —

I”

New “technica

“Classic”
®——— Project types (many different taxonomies/groupings available) ——@

Forest Management

Afforestation / Reforestation (AF/RF) —  AFOLU -

-

# Agriculture, Livestock

Other Habitats (e.g. wetlands, grasslands)

Renewable

Energy

Source: Boston Consulting, own research
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Universe
of carbon
credit
project
types
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compensation emerging slowly
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New (technical) compensation types (not exhaustive)

Hybrid strategies

Ocean based removal

>

» a4

Biochar

Technological solutions

Direct Air Carbon
Capture & storage

Mineralization



Voluntary Carbon Offset Market Oversight

Independent Framework and Rule-Making Bodies

| | FRANKFURT
UNIVERSITY
OF APPLIED SCIENCES

* Independent organizations organize
multi-stakeholder groups to discuss,
design and recommend frameworks
for carbon offset generation and
application

IETA \\"th

Institute

®

management! SE' Stockhoim

Environment
Institute

GREENHOUSE
GAS PROTOCOL

oy SCENOE

Camee Acemniry 0 0 WORLD
IC Oy / PCAF = RESOURCES E. Féé\\ TARGeTS
Q lwum INSTITUTE Fratey > — 1 ST A WA

Universe of Voluntary Carbon Offset Standards / Approvers / Calculators

* Nonprofit and for-profit entities that
set project requirements
(“Standards”) and rules for issuance,
exchange and retirement of carbon
offsets

®= [CROA, an Independent Framework
and Rule-Making Body, is widely
accepted as the Standard filter.
Standards that pass the ICROA test
are typically widely accepted

= Some Standards (and the most
broadly accepted Standards in
particular) may establish a Registry
where carbon offsets exist and are

retired

= Review and confirm information
submitted to Standards for project
certification and offset verification

= Audit End Users’ application of offsets

in accordance with framework(s)

Source: BofA Securties
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Nearly half of carbon offsets issues in 2020 were
forest and land use projects

%
~
-
—
2
=
=

Source: Berkeley Carbon Trading Project, University of California, Berkeley
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Offset prices expected to increase significantly | | R ANKEURT

driven by supply deficit from 2025 onwards UNIVERSITY
OF APPLIED SCIENCES

Demand & supply for voluntary carbon credits Forecast for carbon offset prices ($/tCO2e)
(GtCO2e p.a.)
1.0 I Maximum potential of current suppliers L 150, Actuals . Forecasts
l I Bottom-up demand estimation 120
100
50
S0 47

R EEEEEEEE

e S = -— Te ]

S 28 8&8ggg&ggg g gsg g g
[ I A & Y o B I & R o B N S |

-4 =k 0

Rolling ol * *

3yrs! 204 2026E 2030E 2050E
net supply o

(MtCO,e)3 iy ) g il BloombergNEF

70 | 124 | 153 | 216 | 239 | 306 | 276 | 204 | 70 | -61 |-189 -319|-451 -582|-703

1. 3 years represents general acceptance for offset vintages before they get discounted for their older age

Source: Forest Trends, Verra, Gold Standard, ACR, CAR, UN IPCC, industry interviews, ICAO, 2021; Trove Research, 2021; BloombergNEF, 2022; BCG analysis
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Diverging Guidance on Offsetting

| | FRANKFURT
UNIVERSITY
OF APPLIED SCIENCES

Oxford Offsetting
Principles:

§

Recommend using all offset
types (avoidance &
removal; short- and long-
term storage) but with a shift
towards full carbon removal o —— y .
with long-term storage by 2020 2030 2040 2050
2050

of offset porticlo

Percent breakdown

S

Science-Based Targets:

Latest draft guidance
suggests mandatory
carbon removal for
unabated emissions;
avoidance offsets only
considered as an optional

tool G ot s
.4.9’1 wroen
. Crnoaaescn

Thereis alack of consensus in third party guidance on which types of offsets should be
used on the path to net-zero. Clear trend towards removal offsets.

Source: Goldman Sachs Global Markets Division. Science Based Targets Initiative. Oxford University.
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Why 2021 Might Prove An Important Year for the |
future of voluntary compensation |

The broader context: Execution of Paris Agreement... Several key events in 2021 despite Covid19...
2015 [2020 2023 2025 | 2028
| 1 a
| 1 Fi
| 1
! i Feb 2021 May 2021 Jun 2021 Nov EA
| 1
; ; | | | |
| 1 v
| | | | | |
! | Paris CoP26
i [ WEF 2
| i Agreement - G 7 (UK) {Scotland)
] | i . i (Singapore) Climate i
Countries 1 Countries Global Stock Countries | Second Global NDC summary “The Great Change” Paris
submit their 18t | Communicated e on climate,  submittheir 3@ | Stock take Resef® Agreement”
round of climate ! the:_lr“updated O mitigationand  round of climate |
pledges (NDCs | 2" round of finance pledges (NDCs |
! climate pledges !
| 1
i Policy announcements are expected to accelerate i
] . ] ] ] ...and big topics with carbon market impact on
...with global political will being more aligned than ever the COP26 agenda

“Biden returns US to Paris climate

accord” Jan-2021 Carbon Climate Change
Markets {Article 6) loss & damage

~ “China announces carbon neutrality by
2060”7 Sep-2020

$100bn Role of
Climate Change Nature-Based
Finance Target Solutions

“EU makes legally binding commitment
for net zero” Mar-2020

Source: Goldman Sachs Global Markets Division.
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Time after Article 6: Gold Standard sees a market split_||

| FRANKFURT
UNIVERSITY

between authorized credits and non-authorized credits ©F#PPHEP >CIENCE

N\

All Gold Standard carbon
credits aligned with Paris
Agreement and TSVCM Core
Carbon Principles

Source: Gold Standard
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Transfer r
for NDC r
Adjusted
X . by host
Authorized by Voluntary > cguntry
host country Offsetting

under Article 6

offset

CORSIA @

scheme

No Domestic @
Counted

authorization Markeat
Voluntary » by host
Finance a country

Some will be authorized for
use as ITMOs under Article 6 >
and some will not
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Both will have a market, but

the authorization status will

affect appropriate use of the
credits.
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Industry Action

Introduction: Aviation Areas of Action

Technology — Fuel and Noise effective

Processes and Infrastructure— Fuel and Noise effective

Sustainable Aviation Fuels
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Human Trafficking and Wildlife Trafficking are | | FRANKFURT
. . UNIVERSITY
important issues to be looked at OF APPLIED SCIENCES

TOP 4 CRIMINAL MARKETS:

| iyt ILLEGAL WILDLIFE TRADE IS 4TH
LARGEST ILLEGAL MARKET IN THE

gz::;ﬁe"eit WORLD TODAY
$250 billion

Human PRESENCE OF WILDLIFE TRAFFICKING IS USUALLY THE PRESENCE
Trafficking OF ORGANIZED CRIME.
$32 billion
— GLOBAL ORGANIZED CRIME WEAKENS LOCAL AND NATIONAL
4 lllegal Wildlife LAW ENFORCEMENT AND INCREASES THE RISK OF CORRUPTION.
$7-23 billion’

ESTIMATED WORTH: UNODC 2016 REPORT

N 4
REPUTATIONAL FINANCIAL

RISKS

Source https://www.iata.org/policy/consumer-pax-rights/Documents/human-trafficking-guidelines-v1.pdf
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Aviation is affected by Human Trafficking | | FRANKE URT

OF APPLIED SCIENCES

Human Trafficking (HT) is a crime against humanity and a grave violation of fundamental human rights. It is the fastest
growing and second largest criminal industry in the world. It is estimated that 24.9 million people are trafficked
globally, more than 75% of which are women and children*.

It involves the “recruitment, transportation, harbouring or receipt of persons by means of the threat or use of force
other forms of coercion, of abduction, of fraud, of deception, of the abuse of power or of a position of vulnerability or
of the giving or receiving of payments or benefits to achieve the consent of a person having control over another

person, for the purpose of exploitation™*”,
*International Labour Organization (ILO), Global Estimates of Modern Slavery, 2017 and United Nations Office of Drugs and Crime (UNODC), Global

Report on Trafficking in Persons, 2016
** pProtocol to Prevent, Suppress and Punish Trafficking in Persons, Especially Women and Children agreed at Palermo (2000)

Over 60% of victims are trafficked across international borders

Traffickers misuse the speed and efficiency of aviation to transport victims who may be traveling undetected on
aircraft and through airports

The aviation industry is committed to playing its part to help governments and law enforcement tackle this issue by
raising awareness and by training staff to spot the signs of potential human trafficking

Develop Airline

Raise Awareness .
Guidance

Playing

Encourage Reporting P Training
our pa rt Hotline Development for Airline Staff

. '? Create Partnerships Mobilize the Industry

Source https://www.iata.org/policy/consumer-pax-rights/Documents/human-trafficking-guidelines-v1.pdf
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Wildlife Trafficking is a global Issue and “Business” |

GLOBAL HOTSPOTS FOR AIR TRAFFICKED ILLEGAL WILDLIFE SEIZURES:

HT & WTC bear risks for Airlines

Negative press and impact on brand

Liability for negligence and poor checks
Financial risk arising from brand and legal risks
Health and safety arising from animals on board

Commitment to Counteract

Buckingham Palace Protocol signed by 61 Airlines
Co-operation with Airports and Authorities
(customs, police, NGO)

Teaching stakeholders

Training Staff

Sources: ‘Flying Under The Radar’, C4ADS,ROUTES 2017; ‘In Plane
Sight’, C4ADS, ROUTES August 2018. IATA

| FRANKFURT
UNIVERSITY
OF APPLIED SCIENCES

7-23 bn S estimated and annual volume of Wildlife Trafficing
Crime (WTC)

* lvory, rhino horn, reptiles and birds collectively account for
over 60% of all trafficked wildlife, according to the United
Nations Office On Drugs and Crime (UNODC).

*  Other mammals, including pangolin (the world’s most
trafficked mammal), and marine species make up a further
20%.

1. Show your commitment | 2. Raise awareness
‘Sign the United for Wildlife Share videos and other resources

Buckingham Palace Declaration. with your staff, passengers,

customers and clients.

=\ ROUTES A
e Wioe SUSAD T
IATA widiife \®/ R :
www.iata.org/wildide www.unitedforwildife.org www.routesparinership.org

3. Encourage reporting 4. Join the fight

Train your staff to identify, detect and Participate in global and industry initiatives

report suspicious passengers, and engage with other stakeholders.
baggage and cargo consignments
to authonties.
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Some data on waste...

40-50 ELEIX0:

Single use plastic Waste from Onboard

370 Mio

products on a long Catering p.a. Single use plastic pieces
haul flight per year to replace
104 tons
¢/ Reused ReOil Cups <

(10 Mio cups collected by crew)

4900t

Woaste at SWISS in ZRH
74 % 0 burnt

26 % L’,\_) recycled

o 10Kg

plastic waste
per long-haul flight

Source: IATA
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65% of all consumers

connect plastic with

pollution of oceans

Waste Composition

Onboard Service

13% Plastics
15% Recycling
34% Liquids
38% Residual

LUFTHANSA GROUP



An European Project to tackle Cabin Waste showed | | FRANKFURT
UNIVERSITY

the complexity of cabin waste reduction OF APPLIED SCIENCES

T LIFE Zero Cabin Waste - Tackling international airline catering waste by
demonstrating integral and safe recollection, separation & treatment {/f\ ZE RO
~

CABIN WASTE
LIFE1S5 ENV/ES/000209

From 2016 until 2019, driven by IBERIA

Objective and facts Results

* Air passengers generate 0.82 kg to 2.5 kg of waste » Waste generation was reduced by 12%, higher thar
per flight depending on distance and cabin class, the 5% target
with an average of 1.43 kg (IATA, 2014) * Only 42% of cabin waste was diverted from landfill

* According to the Airports Council International, this instead of the expected 80%. While MSW cabin waste
equates to around 9 billion kg of cabin waste can be collected, its recovery as compost or some
annually other option proved difficult

* Today cabin waste (both organic and inorganic) is ¢ Sepa-ration of }/vaste on b.oard has proven to be a
usually incinerated or disposed in landfill possible practice for Iberia

* Note: Catering waste coming from outside the * The objective of showing that international waste can
EU, is restricted to landfilling according to be processed without risk to human or animal health
Regulation EC 1069/2009 was not achieved - changing of legislation needed

* Also, while the project succeeded in lowering the
carbon footprint of cabin waste, the expected rate
was not reached

* LIFE Zero Cabin Waste aimed to create an integrated
model to reduce, reuse and recycle waste collected
on airplanes, and to establish processes to replicate

Source: https://www.cabinwaste.eu/en/home, EU Commission-Life public database
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Summary of Chapter 4
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Key messages on the regulation of ESG in the | R ANKEURT

aviation sector | UNIVERSITY
OF APPLIED SCIENCES

1. The only answer for a big reduction in CO2 emissions of aviation in the mid-
term are Sustainable Aviation Fuel (SAF)

2. New propulsion technologies like Hydrogen or Battery-Electric will only scale
during the mid 2040s and be limited in range

3. Air traffic management has also a reasonable potential but is limited due to
political restrictions e.g. in founding a Single European Sky

4. SAF needs time to scale, especially the very scalable Power to Liquid fuels

5. SAF will remain much more expensive than fossil fuels and will pose a
profitability risk especially for financially weaker airlines

6. Compensation (voluntary) has to fill the gap until new technologies and SAF
are widely available. It is a very fragmented industry and faces challenges
after implementation of the Paris agreement
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Backup SMAT 4
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Is the aviation industry able to develop new

technology

Mitsubishi MR
CR929

UAC MS-21
COMAC C919
777X

A350

C Series/A220
Boeing 787
A380

Sukhoi Superjet
747-8

737 MAX
Embraer E2-Jet
A32IXLR
A320neo

A330neo

Source: Agency Partners (Aviation Week Webinar)
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aircraftin time?

Development time (months from Authority To Offer to Entry Into Service)

Dotted lines = aircraft still in development,
EIS is most recently declared/estimated)

All-new designs & major upgrades:
average development times >9 years
(Boeing & Airbus average c.8 years)

Derivative designs and re-enginings;
average development times >5 years
0 20 40 60 80 100 120 140 160 180 200
LUFTHANSA GROUP
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Industry structure apt for risky innovations?
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IATA Technology Roadmap (2013) ICAO Report (2011) Today‘s Products
e ——. Baseline 2005 o — Basefine 2000
= New Design E'E‘
s Before 2020 =
c -10 = -10
i ) Beyond T 0 2020
-g 20 New Design 28’30* N 51
& After 2020 c 2030
o~ - -30 T52 Ts1
O * g TS2
o s
5 304,
10 2 -0 153 exn 2 ~400 2030 Product
Q XPe %
50 50 TS3 OR

*from Tech Roadmap 2009 (qualitative)

-/
- J(&‘i ,

A

= Next Gen Aircraft requires large investment
= Aircraft will be operated fordecades to come

= Withoutquantum leapintechnology long term
sustainability of air transport comes into question

= WANTED: Sustainable design with lowest DOC

Source: Agency Partners (Aviation Week Webinar) LUFTHANSA GROUP
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New Engine Technology reduces Noise Pattern

significantly

Weniger Flugldrm durch optimale Drehzahlen

Zwischen Niederdruckverdichter und Fan wurde ein Getriebe eingefiigt

Niederdruckverdichter § Hochdruckverdichter § Niederdruckturbine

| |
———

Fan

&9

Source: BDL Larmschutzportal
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Weniger Flugldrm durch Getriebefan-Triebwerke

Ausbreitung der Fluggerdusche beim Start

M Flughafen Miinchen
{492

\ N .
ey [~/ Vi NN, |
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Quelle: nach Informationen der MTU Aero Engines | Kartenmaterial: OpenStreetMap.org



Chevron nuzzle and transmission technology of the | | FRANKFURT
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engine reduce noise OF APPLIED SCIENCES

= ' =5 Anflug; | =b Abflug "?

(Schubriicknahme)

I I 1 I 1 |
25 km 20 km 15 km 10 km 5 km S km 10 km 15 km

Quelle: forum flughafen & region - Gemeinn(tzige Umwelthaus GmbH
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Fuel Alternatives : E-mobility and Hydrogen Are No | | FRANKFURT
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or Limited Alternatives to Kerosene OF APPLIED SCIENCES

45
Heavy Qil fauid
Electric propulsion 40 7 o ¢ fau
* Low energy density EE 35 Synthetic Diesel (FT) batteries.
= Bio Diesel * 4 .
. . = Gasoline
= Hybrid propulsion could work for short = 30
distances and small planes in 2050 (still Z s o Hauefied Patroleum Gas
needs kerosene) E Ethanol | o Liguefied Natural Gas
g 20 IS
°
E |
= 15 Compressed Natural Gas (200 bar)
Hydrogen ° -
0 - s
» Liquefaction needs a lot of energy |Liquefied Hydrogen |
5 - Compressed Hydrogen (700 bar)
. HeaVy fuel cells ICurrent Lithium-lon Battery ]
* Needs completely different, larger 0 20 40 60 80 100 120 140
aircrafts Gravimetric density in MJ/kg

* A net reduction of CO,-emissions needs regenerative, CO, neutral, hydrocarbon fuels

» Closed CO, -circuit with bio-kerosene and PtL is possible— Sustainable Aviation Fuel (SAF)

Source: Umwelt-Bundesamt, Postfossile Energieversorgungsoptionen flr einen treibhausgasneutralen Verkehr im Jahr 2050: Eine
verkehrstragertbergreifende Bewertung
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Four Basic Processes to BioFuel (1/4): | | FRANKFURT
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The HEFA Process OF APPLIED SCIENCES
Raw materlal Pressing process End-result

Refining End-result

Although the processes are tairly complex, a simple explanation ot the HEFA process (which Is also known as hydrotreated renewable jet, or
HRJ) is that biomass such as algae, jatropha or camelina is pressed to extract the oils inside, which are then refined into jet fuel in a similar
way that crude fossil oil is refined. One of the other outcomes of the pressing process is a leftover substance: the meal. In many cases this
meal can also be used. The solid residues left from the processing of jatropha, for example, can be used as fuel for burning on fires and in
stoves. The meal from algae oil production can be used for fertiliser, animal feed and other purposes, and camelina meal can be used as
animal feed.

Source: SAFUG Beginners Guide
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Four Basic Processes to BioFuel (2/4): | | FRANKFURT
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Biomass to Liquid Process OF APPLIED SCIENCES
Raw material Gaslfication process End-result

ad LA

Fischer-Tropsch process

In the BtL process, the feedstock is broken down through gasification, a process by which the biomass is heated to an extremely high
temperature which cracks the molecules and produces a gas. This gas is then converted into liquid jet fuel through the Fischer-Tropsch
process. There are a few different BtL processes, but one being implemented in London, California, Australia and Italy will process municipal
waste to produce some 16 million gallons of jet fuel a year from each plant. It will also produce electricity (which can be used to run the

plant and also feed excess into the national grid) and bio-diesel for use in cars.
Source: SAFUG Beginners Guide
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Raw material Fermentation process Refining

-
LR L
- .
.
- -
-
-
-

.
LR
.

.|
"'.‘-'I I, -

"
[T

JINNnNn

L
.
-
-
-

L

-
LR

DR

LR R R R R R
-

End-result

Alcohol-to-jet is a process using the fermentation of cellulose and sugars. Various microbes, yeasts or bacteria are used
to process agricultural waste products (stover, grasses, forestry slash, crop straws) to be converted either directly to jet
fuel or through a group of alcohol conversion pathways. This is potentially a cheaper process, as the feedstocks are easy
to obtain and don’t cost a lot. It is also an efficient process that doesn’t require much energy.

Source: SAFUG Beginners Guide
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Raw materlal Heating process Refining

JATInmnn

A
wmEmR

End-resuit

Pyrolysis of biomass is where the biomass (from industrial, agricultural, municipal or forestry waste) is heated in a special
process to produce an oily substance, which is then refined to produce jet fuel. While creating jet fuel, this also solves
the problem of using waste resources which would otherwise produce greenhousegases as they decompose.

Source: SAFUG Beginners Guide
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The Full Life Cycle of a Carbon Offset

PROJECT DEVELOPERS
Develop the carbonrights

AGENCIES

Critique the projec development
and monitoring process

) Sylvera "a*BeZero
N‘.----------“

Source: Morgan Stanley Market Research
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3R0 PARTY AUDITORS

Quality assurance

EPIC Sustainability

offset credits

Gold Standard

S
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REGISTRIES
Track offset projects and issue

Q

CLIMATE
ACTION
REsSEavE
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& ooz
(e F e
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TRANSACTION(S) -
FOR POSIT
CLIMATE IMPACT
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Common Principles for Assessing Carbon Offset

Projects (1/2)

| | FRANKFURT
UNIVERSITY
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B The project must generate real outcomes measured in terms of
emission reductions

.
¢

Measurable
Carbon Offset

Emission reductions must be quantified relative to a transparent and
robust baseline using scientifically recognized methodaologies and
project-specific data

An offset is a verifiable action that Independently verified
compensates for the emission of

Emission reductions must be verified by an independent certification
body (i.e. a registry) to ensure all eligibility criteria are met

one ton of CO2e by funding either:

FPermanent / Leakage
Reduction & avoidance of
C0O2e emissions

Projects are permanent when they remove COZ2 from (or prevent it from
entering) the atmosphere for a period at least as long as the emitted
gas is contributing to climate change, while putting in place safeguards
to minimize the risk of reversal as well as mechanisms guaranteeing
the replacement of “lost reductions”

Removal of CO2e for at least ~ Additional
the atmospheric lifespan of

Emission reductions are additional when the underlying project activity
was not required by law and would not have occurred in the absence of
a carbon market, therefore resulting in higher GHG emissions (or:
lower carbon sequestration)

the emitted ton
Legally attributable

Carbon credits generated must have a clear record of ownership all
along their lifecycle (i.e., from project owner to retiring agent)

Unique

Source: Goldman Sachs Global Markets Division. VCS. Gold Standard. 3Degrees.

Carbon credits generated must be held and retired on a registry to
ensure that each ton of CO2 reduction is associated with a single
carbon credit (no double-counting)
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Common Principles for Assessing Carbon Offset |
Projects (2/2) |

_ @ Reduction & Avoidance Offset Removal Offset

B Renewable energy B Nature based solutions (e.g., afforestation, reforestation,
) ) peatland restoration, regenerative agriculture)
B Fuel switches and energy efficiency

Exa_m ple , B Technology based solutions (e.g CCS5 and DAC)
Projects B Reduce waste disposal

B Deforestation avoidance (e.g. REDD+)

v’ Can have high co-benefits (e.g., avoided deforestation v' Removes carbon from the atmosphere
provides large biodiversity co-benefits) v o
Projects are often able to more clearly demonstrate
P v’ Often cheaper to avoid and reduce than to remove additionality
ros emissions
v Availability of supply at least in nature based solutions
v Significant availability of supply (e.g. avoided deforestation
of rainforests)
* For certain sectors, projects have difficulties meeting high % Most cost-effective nature-based solutions may be
quality specifications on permanence and additionality depleted due to feasibility limits
* Potentially more difficult to measure emission reduction # Leakage and permanence remain an important
Cons and dependence on baseline assumptions considerations for nature based solutions

* Projects have attracted more significant negative publicity % Technology based solutions are still expensive (multiple of
in the past nature based solutions) and require significant investment
to make them commercially viable and scalable

Source: Goldman Sachs Global Markets Division. VCS. Gold Standard. 3Degrees.
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Airlines need direct customer contribution to SAF/
compensation on the way to climate neutrality?

Source: https://www.britishairways.com/cms/global/pdfs/information/sustainability-report-2021.pdf
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WHAT THE GRAPH SHOWS (adapted)

= With f no improvements aviation’s carbon
emissions would grow over time with demand
(Top grey line on graph)

* Investing in new aircraft, changing how we fly
and, in time, introducing new low- and zero-
emissions aircraft, will deliver about a third of
our emissions reductions by 2050. (Red wedge
on graph)

A further third of emission reductions will come
from switching to sustainable aviation fuel,
meeting about 50% of our fuel needs by 2050.
(Grey wedge on graph)

e The final third will come from robust carbon
reductions and removals in other sectors.
(Blue wedge on graph)

+ We’re also offering our customers the
opportunity to fly carbon neutral today,
that could mean together we could reach
our destination sooner. (Agua wedge on

graph)
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