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EXPORT CONTROL CLASSIFICATION
2024-11-07 gd36211

- Check this box if the document Summarize the export classification of all
contains no technical data. — slides in this presentation as instructed below.

CLASSIFICATION

LOCATION U.S. REGULATION

Classifications must always be us. NSR
provided for U.S. and Outside U.S. boxes.
OUTSIDE
u.s. NSR
// / LOCAL REGULATION
7
When the person completing the grid is EIPA (ECL) DPA (CG)

physically located outside of the U.S., the CANADA

local classifications must also be provided. Document may be DPA controlled if EIPA

NSR value starts with “2” or US ITAR box
contains any value other than “NSR”.

PROPRIETARY NOTICE

THIS DOCUMENT IS THE PROPERTY OF PRATT & WHITNEY CANADA CORP. (“P&WC”). YOU MAY NOT POSSESS, USE, COPY OR DISCLOSE THIS DOCUMENT OR ANY INFORMATION IN IT, FOR ANY PURPOSE, INCLUDING WITHOUT
LIMITATION TO DESIGN, MANUFACTURE OR REPAIR PARTS OR OBTAIN TCCA, FAA OR OTHER APPROVAL TO DO SO, WITHOUT P&WC'S EXPRESS WRITTEN PERMISSION. NEITHER RECEIPT NOR POSSESSION OF THIS DOCUMENT ALONE,
FROM ANY SOURCE, CONSTITUTES SUCH PERMISSION. POSSESSION, USE, COPYING OR DISCLOSURE BY ANYONE WITH GOVERNMENT OUT P&WC'S EXPRESS WRITTEN PERMISSION IS NOT AUTHORIZED AND MAY RESULT IN CRIMINAL

OR CIVIL LIABILITY.
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P&WC CUSTOMER CONNECT- SUSTAINABLE AVIATION FUEL WEBINAR

KENYA, NOVEMBER 14™ , 2024

AGENDA

High level view on why SAF is needed

What is SAF?

Current operational capability

Overview of industry specifications activities for 100% SAF
P&WC development experience with 100% SAF

Current PRWC activities related to 100% SAF

Key takeaways

1% SAF —> 100% SAF COMPATIBLE

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only 3




IS SAF THE FUTURE? -

IATA SUMMARY OF DECARBONIZATION ROADMAPS FOR 2050

m Residuals mTech © Ops mSAF:Biofuel © SAF:PtL mLCAF mLH2/Electric mDemandimpact w Carbonremoval/MBMs

100% o e =
12% —
15% —
o | g S .
27% 19% %
70% - 1 459, 40%
33%
60% - o
T% 28%
21% 28%
50% - q
1 o
TE 31% 1% PR 35%
21% 14%
40% - 11% 13%
10%
16% .
30% - m 13% 129, % 13% 0%
S0 21% 13% 19%
20% 8%
32% 9% 209
17% 250 20% 20% ) 26% <=
10% - 3% ° 20% 21% e

Figure 1: Emissions reduction potential by transition measures in 2050, comparing across all roadmaps
except the IEA Net Zero 2050. Source credit: IATA

Importance of SAF is almost in every decarbonization plan

2024 100% SAF STRATEGY VALIDATION WORKSHOP



WHAT IS SAF? -

SAF CAN BE PRODUCED FROM A VARIETY OF PATHWAYS
Sustainable Aviation Fuel is almost chemically identical to traditional jet fuel

From resources providing a net reduction in CO2 emissions compared to fossil fuels

——

5 o - po» \ \ . A |
T _4/£ 230 AR WA Yol i‘“I ,' Vi
Most likely > 2030 to mid-century

Current most common options > HEFA >>>

- - Municipal
Waste oils & Animal fat Solid P Lignocellulose & sugars
tallow
\ ] |Wastes |
| |
HEFA (Hydrolysis of Esters & Fatty acids) Advanced pathwayS
pathway Alcohol to Jet (ATJ) & Fischer Tropsch (FT)

P&WC monitoring pathways that may influence future specifications

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only 5



WHY SAF? .

INDUSTRY COMMITED TO NET-ZERO CO, BY 2050

2500 Decarbonization
Contribution

« CO2 level if no improvements by 2050
2000
Unmltlgated growth [ | Engine and aircraft tecl‘ll‘lology
]
o \
o 1500
o Aircraft systems and trajectory
E optimization
1000
/\ Growth with -t-f {i 50-55% Sustainable Aviation Fuels (SAF) and
500 N o with mitgation Hydrogen
0 . : . i . : 5-10% Market measures
2015 2020 2025 2030 2035 2040 2045 2050 CO2 level improvement goal for 2050

¢ COMMITMENT TO AT

FLY NET ZERO 2050 AIR TRANSPORT ACTION GROUP

Source; WAYPOINT 2050, ATAG {Air Transpart Action Group]
2nd Edilion September 2021

Net-zero CO, depends on alternative aviation fuels enabled by energy efficiency

For Planning Purposes Only 6
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SAF PRODUCTION STATUS WORLDWIDE -

PRODUCTION UPTAKE IS INCREASING

Batch delivery
® Continuous delivery

SAF
Facilities

ACT)SAF

HELPING COUNTRIES TAKE ACTION ON THE DEVELOPMENT
AND DEPLOYMENT OF SUSTAINABLE AVIATION FUELS

286 178

Announced Megatonnes/year

Facilities total capacity T 5
Feasibility studies g o
ity ‘f : o ®
I Continuous deliveries [l Batch delivery O Q

80 ®

Source credit: ICAO
60

Steady upward trajectory BUT
% Less than 0.5% of world jet fuel consumption is SAF
20 currently
o101 i Approaching 100% of consumption needs to be SAF for net

° 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Z€ro (Currently ~450 b|"|0n “tres per year)

Vi
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SAF PLANNED FUTURE PRODUCTION -

Planned production facilities
(IATA estimates)

Renewable Fuel Projects Operating in 2023 Projected Renewable Fuel Projects Announced to 2028
ORTH s
NO ASIA i
' NORTH ASIA
(A)MERICA OO EUROPE AMERICA
N ) @ )
(e 8 %
. o e o0
‘ (€]
® © ~
AFRICA . ® ¢ @
SOUTH ‘
sl o AUSTRALIA
Max Ronowsble Capacity Vokume Max Renewable Capacity Volume . AU STRA‘
e ®
@: @
e 0 01 ME
Source: |ATA’s Media Briefing on SAF, AGM, June 2023 Source: |ATA's Media Briefing on SAF, AGM, June 2023

North America and Europe have large engine fleets that would benefit from SAF

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only



SAF REGULATIONS -

UN/ICAO -> CORSIA / CAEP - REGULATORY FRAMEWORK

Who: All participating states & almost all international routes

When: Agreed in 2016; Voluntary until 2026; Mandatory after 2027

How: Two methods to decarbonize aviation;
1. Buy offsets from other industries
2. Use low-carbon fuels, i.e. SAF

’ 3 PHASES OF

IMPLEMENTATION

Approach: Life Cycle Assessment comparison to Fossil Jet Fuel C 9‘ RS IA

Caveat: Flights to/from least developed countries representing

o _ _ CARBON OFFSETTING AND REDUCTION SCHEME
<0.5% of global aviation business may be exempted depending FOR INTERNATIONAL AVIATION
on host country policy

UN: United Nations, ICAO: International Civil Aviation Organisation, CAEP: Committee on Aviation Environmental Protection

Offsets not seen as aggressive enough to meet 2050 net zero goals

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only 9



CURRENT P&WC ENGINE OPERATIONAL CAPABIL:

EXAMPLE: PW127 TURBOPROP

Maintenance Manual Section 72-00-00 Approved Fuels Extract T B e e e e Rt o "
TABLE 14, Fuel Specifications, Which Meet P&EWC Minimum Fuel Property Requirements .
. Designation: D7566 — 24b
GRADE T T
SPECIFICATION REVISION ISSUING AGENCY FUEL TYPE | DESIGNATION WTERNATIONAL
CAN/CGSB-3.23 Latest Canadian General Kerosene Jet A o
. Standards Board Jet A-1 Standard Specification for
CAN/CGSB-3.24 Latest Canadian General Kerosene F-34 Aviation Turbine Fuel Containing Synthesized
Standards Board F-37 Hydrocarbons’
High Flash F-44
K
- — D7566 Synthetic Blending Component Description Max
D1655 Latest ASTM International Kerosene Jet A Annex Blend %
(including D7566 Jet A-1
produced fuels 1 FISCHER-TROPSCH HYDROPROCESSED SYNTHESIZED PARAFFINIC KEROSINE (FT-SPK) 50
recertified to D1655)
(See Note 5) 2 SYNTHESIZED PARAFFINIC KEROSINE FROM HYDROPROCESSED ESTERS AND FATTY 50

ACIDS (HEFA-SPK)

NOTE: 5. Bio-fuels, Semi-synthetic Jet Fuel (SSJF) or Sustainable
Aviation Fuel {SAF} Icomplying to ASTMI D?SGS and re-certified . 3 SYNTHESIZED ISO-PARAFFINS FROM HYDROPROCESSED FERMENTED SUGARS 10
to a listed specification meets P&WC minimum fuel property requirements.

4 SYNTHESIZED KEROSINE WITH AROMATICS DERIVED BY ALKYLATION OF LIGHT 50

AROMATICS FROM NON-PETROLEUM SOURCES
Note: SASOL aISO accepted as equivalent to DEF_STAN 5 ALCOHOL-TO-JET SYNTHETIC PARAFFINIC KEROSENE (ATJ-SPK) 50
91-91 and ASTM D1655 in both semi—synthetic (up to 50% 6 SYNTHESIZED KEROSINE FROM HYDROTHERMAL CONVERSION OF FATTY ACID ESTERS 50

AND FATTY ACIDS

blend) and fully synthetic (up to 100%) forms

7 SYNTHESIZED PARAFFINIC KEROSINE FROM HYDROPROCESSED HYDROCARBONS, 10
ESTERS AND FATTY ACIDS

8 ALCOHOL-TO-JET SYNTHETIC PARAFFINIC KEROSENE WITH AROMATICS (ATJ-SKA) 50

Jet A equivalency means vast majority of aeronautical products approved

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only 10




100% SAF SPECIFICATIONS OVERVIEW

INCREASING SYNTHETIC HYDROCARBON PATHWAYS

. . < 50% Synthetic 100% Synthetic
Drop-in SAF - 50% Blend available today ! =
Suitabl ith isti distributi inf t t Synthetic -
uitable with existing distribution infrastructure Hydrocarbons
# g_ Synthetic
Compatible with ALL P&W systems, no changes < >  Hydrocarbons

Petroleum
Hydrocarbons
A —4

8 synthetic processes approved to make synthetic Jet A/A-1 blends

P&W participating in 100% drop-in SAF candidate evaluations (ASTM) Jet AJA-1 Jet A/JA-1
(no special markings)

Non Drop-in SAF

Assume a separate transportation infrastructure (specialty fuel)
Qualified on a “per-engine” basis

Driver for 100%: lifecycle emissions & contrail mitigation

P&W performing multiple test and demonstration activities

Aligning with ASTM timeline to construct new “Jet X” spec

Export Classification: NO TECH DATA P&WC Proprietary |



PREPARING TO BE COMPATIBLE WITH 100% SAF

Early P&W research & tests

JT9D Tests
with 100% SAF

, PW615 with

1100% SAF

| PW308 with
100% SAF

JT15D with
50% SAF

CAAFI: Commercial Aviation Alternative Fuels Initiative
ASTM: American Society for Testing and Materials

Export Classification: NO TECH DATA

PW615F with
1100% SAF

2013

| PW150A with
'70% SAF

#

Working as an active member of ASTM & CAAF| \eAVASE Lﬂ.g:[b)

CAAFI kickoff
to discuss plan
for 100% SAF

Draft specs

100% SAF
Technology
Study

De-Risk Tests for Approval readiness

P&WC Proprietary Information

readyi

Prellmlnary
strategy for
specmcatlon

| development
100% SAF Implementation Plan

ar’
Preliminary specs
with feedback
100% SAF spec.

defined (drop-in),
non drop-in TBD

| P&WC

| Product
| Base

i SAF
Approval

For Planning Purposes Only 12



WHAT IS P&WC DOING ABOUT SAF? -

P&WC NEAR TERM GOALS -> 100% SAF IMPLEMENTATION PLAN

Complete risk reduction plan to position P&WC for approval of 100% (drop-in & non drop-in)
SAF soon after ASTM specification release (moving target)

Cleaner Research— Emissions, LCA, Contrails, Elastomers Test Categories of Interest
Fuel @ Emissions
Operability
Engine tests — Tfans, Tshafts, Tprops, APUs Acoustics
~ Durabilty

Heat Management

Rig tests —— Seals, Fuel Control Units

Tfans: Turbo Fans, Tshafts: Turboshafts, Tprops: Turbo Propellers, APUs: Auxiliary Power Units

Maximizing Readiness to non drop-in / Minimizing time delays after spec issuance

Export Classification: NO TECH DATA P&WC Proprietary Information
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2023Q1-2024Q1 DE-RISK ACHIEVEMENTS

4x ENGINE MODELS, 11x FULL ENGINE DE-RISK TESTS

Business Validation & feedback Business
Strategy Strategy
(EC/BU's) (EC/BU's)
Product Product
Strategy Strategy
(CE/ME/PWC) (CE/ME/PWC)
Specific Specific
Engine Engine
(IPMT/SIPT) (IPMT/SIPT)
Module Module
(CIPT) (CIPT)
Technologies St
(Mod Ctr's/IPT’s) I s
\ ) \100% SAF in Toronto (N, Canada), Plant 22

T Toronto Workshop
Feb 23 | June 23 July 23 Aug 23 Sept 23 Oct 23 Feb 24 Apr 24 Aug 24 Oct 24
¢ )
) A A Y A

A 4 A
X Turboshaft A Turboshaft A Turboprop Turbofan
Turbofan Turbofan Turboshaft

De-risk readiness plan significantly advanced & continues until 2026+
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2022-2024 FLIGHT DEMOS ACHIEVEMENTS

7X: DEMOS

—= '*_&;-) = ¢

_ Gulfstream
=N .,;\.\ S , 7-’1 \

A A A A A A
ATR Embraer Gulfstream Leonardo  Airbus  Boeing Deutsche
PW127M PW535E PW815  PT6C-67C ~ PW980  APS5000 PW119B

Considerable success in demonstrating feasibility of SAF operation

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only 15




SUMMARY TAKEAWAY S ,,

WORKING FROM 50% TO 100% SAF

Current Maintenance Manuals allow for up to 50% SAF blends on ASTM D7566 approved
pathways

100% drop-in will be indistinguishable from Jet-A - will allow for rapid approval with
little or no additional validation required

But supply may be limited

P&WC is significantly advanced in a risk reduction plan to allow full compatibility to
100% non drop-in

More supply potential
No material specification currently exists for 100% non drop-in

PWA&C is actively participating in the non drop-in ASTM task force

What are operator / airport concerns, experience and expectations in relation to SAF?

Export Classification: NO TECH DATA P&WC Proprietary Information For Planning Purposes Only 16
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