THE AVIATION PARADOX: RECORD DEMAND, RAZOR
MARGINS, AND THE PROPULSION BOTTLENECK
A Strategic Diagnostic of the Global Aerospace Value Chain (2025-2034)

[SYSTEM STATUS] [WARNING ALERTS]

Passenger Volume:
5.2 Billion M

(2026 Forecast)

s /A - [AMBER] Supply Chain
‘=) Friction Detected

[AMBER] Propulsion
z Contamination

Industry Revenueiﬁ/h,x'
$1.053 Trillion Groundings

A - [AMBER] SAF
‘=Y Production Deficit

Backlog Status: .fgﬁ#”;
17,000+ Units
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A Trillion-Dollar Ecosystem Yields
Microscopic Passenger Margins

[SYSTEM DIAGNOSTIC: REVENUE FUNNEL] ' [TOTAL 2026 PROJECTED REVENUE] |
> $1. D 53 TRI LLI D N (GLDBAL ECOSYSTEM VALUE]) ‘
L i)
| [OPERATING EXPENSES] ]
>| -$981 BILLION
| (FUEL, LABOR, MAINTENANCE, LEASING)
| [OPERATING PROFIT] _ i
>| $72.8 BILLION &.5%MaRGIN) |
e | s Y |
| INET PROFIT] ]
>»| $41 BILLION (3.9%MARGIN) |
= | 5
" [NET PROFIT PER PASSENGER] q
> $7.90 f
L 5

[EXECUTIVE SUMMARY]

“Airlines stand at the core of a value chain that supports 87 MILLION jobs, yet Apple earns more selling an
iPhone cover than airlines make transporting the average passenger.” — Willie Walsh, IATA Director General
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Global Telemetry: The Middle East Commands the Margin Premium

Z A
=
2 e \
| MIDDLE EAST:
o / ?ZB.ED Profit/Pax | 9.3% Margin | 6.1% Growth.
| ‘ 7 ' Hub strategy and infrastructure investments securing long-term dominance).
A"
S
S |
= EUROPE: |
@ $10.90 Profit/Pax | 4.9% Margin | 3.8% Growth.
& | (Disciplined capacity management and strong low-cost carrier
@ performance).
o
& 9
- | LATIN AMERICA:
= . $5.70 Profit/Pax | 3.8% Margin | 6.6% Growth.
o (Currency volatility offsetting robust demand).
o
© | ‘ NORTH AMERICA:
< FSBE Fm{it;’lﬁ’c_&x | 3{1‘3& rI*:Ta;gin | ZLtE':ﬁ Frl'}:}w]th. | | | | | | _
arket saturation, pilot shortages, ti abor).
g i ASIA-PACIFIC:
4@- | $3.20 Profit/Pax | 2.3% Margin | 7.3% Growth.
(The global growth engine, driven by China/India,
l/ pressured by overcapacity yields}.l -~

AFRICA: a4

$1.30 PruﬁtéPax | 1.0% Margin | 6.0% Growth.

(Crippled by high operational costs, fragmented
= markets, 28% corporate tax rates).
5 | <

Low Demand Growth (RPK) High
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The Structural Imbalance: Risk vs. Reward in the Aerospace Value Chain

r

r &1
Airlines: 3.9% Net Margin.

Burden: Fuel volatility,
geopolitical routing,
consumer demand shocks,
high capital

expenditure, and 8.2%
WACC exceeding 6.8% ROIC.

L B

[THE OPERATORS]

S

[THE
ECOSYSTEM]

o

r-Engini.a- OEMs (GE, Pratt &

-

r

r

L

Y- Whitney, Rolls-Royce):

High margin aftermarket
and maintenance contracts.

Lessors & Financiers:

!

Record-high lease rates
due to aircraft scarcity.

Avionics & Component

Manufacturers: Insulated

from passenger demand
shocks.

[DIAGNOSTIC CALLOUT]

Airline margins are structurally misaligned with the rest of the value chain. Re-balancing
profitability requires alleviating infrastructure inefficiencies and regulatory burdens. .
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The 17,000-Aircraft Barricade: Supply Chain Failure Forces Fleet Aging

|THE BOTTLENECK]

Total Backlog:
Implied Wait
Time:

Production
Reality:

17,000+ cummercfal

aircraft.

14 years from order to
delivery.

2025 deliveries are 26%

lower than promised a year
prior. Shortages in castings,

forgings, and avionics chips. | .

|THE OPERATIONAL FALLOUT]

Fleet Aging: Global average aircraft age

pushed to 15 years (up from 13).

Replacement Rate: Dropped to 3% (half the
normal 5-6% rate).

The Retrofit Boom: Because airlines cannot

get new planes, the retrofit market (cabin

densification, winglets, avionics) is surging
to $85.1 Billion by 2030 (9.45% CAGR).

: _.I,.Ill
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The Pinnacle of Propulsion:

The Pratt & Whitney PW1000G (GTF)
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[THE MECHANICS]

The Problem:

In traditional
turbofans, the fan and
low-pressure

compressor share a
single shaft, forcing a
compromise in rotational
speed.

The GTF Solution:
A 3:1 reduction gearbox
separates the modules.

Optimized Speeds:
The Fan rotates slower
(4,000-5,000 RPM) for
quiet efficiency.

The Low-Pressure Spool
rotates faster
(12,000-15,000 RPM) for
optimal compression.

[THE PROMISE]

")

Fuel Efficiency:
16% reduction in
fuel buzxn.

)

Noise Reduction:
75% smaller noise
footprint.

&

Market Share:
Powers the Airbus
A220,
Embraer E2, and
A320neo family.
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The Butterfly Effect: How Micro-Contamination Grounded Global Fleets |

=
| | |

[THE DEFECT]:
| Contaminated powdered metal
_ used in the production of
high-pressure compressor
front hubs.

[THE DEFECT]:

Contaminated powdered metal used
in the production of high-pressure
compressor front hubs. -

[THE RECALL]:
3,000 PW11868G engines
recalled for inspection.

- [THE GROUNDING]: =
350+ Airbus A328neos forced out of
service through 2826. Repairs

taking an unprecedented 250 to 380
days per engine. Over 1,100

aircraft under 18 years old are
currentiy in storage.

% [THE FINANCIAL SHOCK]:
96 to §7 Billion in estimated
- 7, costs to P8N and partners. Total

- o

airline capacity artificially
constrained.

[THE CASUALTIES]:

Drives airlines into bankruptcy (e.g.,
India's Go First suspended operations
citing GTF failures). Airlines defecting
to rival CFM LEAP engines.
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THE DUOPOLY'S VULNERABILITY INVITES A CHALLENGER

[AIRBUS A320NED] || [BOEING 737 MAX] ||[  [COMAC C319]
E | =M= ) , == , =
[CURRENT Production choked by Quality control crises & Ramping up, strong
STATUS] GTF engine issues FAA oversight limits Chinese state support
[IE = E ={l= =
[ORDER BOOK E =|E =(E 1,000+ orders, heavil
. | ,000+ orders, heavily
PROFILE] Massive global backlog Massive global backlog | domestic/regiondl |
= =l = =— = =
| = == !l Targeting Southeast Asia via |
[T)CIEE(EI,;ENEI?]TEET Global Global Singapore Airshow; pursuing
1= = | E || |European certification by 2028-2031|
= == ! Harmonizing Western |
[KEY OBSTACLE] Supply chain & engine parts Safety trust & supply chain avionics/parts & lacking global
1= == == MRO infrastructure =

“I think 10 years, 15 years from now, we'll be talking about Boeing, Airbus and Comac.”

- |ATA Director General
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The Sustainability Block Valve: The Economics of SAF

[THE REALITY]:
Total 2026 Jet Fuel Consumption: Availability: Only 2.4 million tonnes of SAF available in 2026.
106 Billion Gallons. Represents just 0.8% of total global airline fuel use.
[THE DEMAND] /
lrr';-lr‘; } 53_ N
i RS
i I e g <
/ [THE FINANCIAL PENALTY]
Price Premium: SAF costs 4.2x more
Regulatory Pressure: EU mandates than conventional jet fuel.
ESJEJ?SA Eiﬁliﬁgdé{: g} Eﬁlliﬁﬁ ompliance Incremental Cost: Airlines paying

a $4.5 Billion penalty for a
fraction of required fuel.

IF :

Diagnostic Note: European suppliers are levying ‘compliance fees’ on limited SAF supplies, turning
environmental mandates into a windfall for energy companies while airlines absorb the cost.

L~ 4|
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Propulsion Paradigms: Engineering the Post-Turbofan Era

Geared & Advanced Turbofans
(Current/Near-Term)

Tech: PW1000G / CFM RISE
(Open-Fan).

Efficiency Gain: 16% to 20% fuel
burn reduction.

Market Readiness: In service now,

but plagued by supply-chain and
durability limits.

Hybrid-Electric
(Medium-Term)

Tech: Turbogenerators combined
with battery packs.

Efficiency Gain: Up to 30% fuel
savings on sub-400 nm sectors.

Market Readiness: Target 2030

(NASA/GE Electric Propulsion Flight
Demo).

Hydrogen Fuel Cell
(Long-Term)

EMISSIONS
ZERO

Tech: Zero-emission hydrogen
drivetrains (e.g., ZeroAvia 600 kW retrofit).

Efficiency Gain: 100% emission
reduction, highly dependent on liquid
H2 storage weight.

Market Readiness: Mid-2030s for
100-seat regional aircraft. Requires
massive airport infrastructure overhauls.
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The Technological S-Curve: Entering the AAM Horizon

« [THE NEXT VECTOR]:
Advanced Air Mobility (AAM)
1 &eVTOL.

: -
|_Data: Projected 18.9% CAGR
through 2030.

oy AR - Disruption: Urban air taxis
AN e d) “| integrating into multimodal

2 ) = |k ~ transport grids (e.g., Dubai
N i_.?IJEEr launch).

|

¢ [THE CURRENT PLATEAUJ:
Geared Turbofans & Ultra-High Bypass
(2010s-Present).
Eking out 1-2% annual efficiency
gains at the cost of immense
mechanical complexity and
supply chain fragility.

Aviation Market Pivot:
Incumbents are forging
alliances (United/JetZero)
to preserve relevance as
sub-200 nm regional
flights (17% of
departures) begin

I_electnﬁcatlun, N

¢ [MATURITY]:

| Piston & Early Jet Age
(1950s-1990s).
High reliability, low
efficiency.
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System Diagnostics Complete: The Flight Path Forward

! Pane 1: Financial Resilience |GREEN|

Airlines have built shock-absorbing resilience, securing $41B in profits despite severe
macro-headwinds. Demand is inelastic.

Technical Data Value ! 1 S41B
Profitability:

+41B USD /" ’
Macro-Headwinds: | -2.04%

Severe +2.12%

Demand Elasticity: = -7.68%

Inelastic 18.52%

$41B PROFIT

Pane 2: The Supply Barrier [AMBER]

14-year backlogs and engine durability crises (PW1000G) will artificially constrain
capacity and keep yields high through the end of the decade, driving a $85B retrofit

Pane 3: The Geopolitical Shift [BLUE]

The Boeing/Airbus duopoly faces its first legitimate threat in decades as Comac
capitalizes on delivery failures in the high-growth APAC market.

Duopoly Threat: 1B e
Valid s

Comac:
Capitalizing

APAC Market:

: kE-:um etiti
High-Growth * e

Airspace

Delivery Failures:
Increasing

L

boom.
Backlogs: Engine Durability:
% 14 YEARS % PW1000G CRISIS
& e @ ~ I 7
Capacity Constrained: SN W "
High Yields ey W <m>
- ; - oy E..:"{J T N :f..
Retrofit Market: ™ g —
| $85B BOOM ! Sea e

Pane 4: The Energy Transition |RED

Aviation's Net-Zero 2050 pledge is structurally at risk. SAF is too scarce (0.8%) and too
expensive (4.2x premium), forcing an accelerated pivot toward hybrid/hydrogen

alternatives.

Net-Zero 2050: | / = :

AT RISK AN —\L /—~/ %J>

SAF Availability: SARRNDp . J

0.8% (SCARCE) B .-
7

SAF Cost Premium:'ﬁ'
4.2x (EXPENSIVE)

Sustainable
Aviation Fuel

Hybrid/Hydrogen:
ACCELERATED PIVOT

S

“The aviation industry is navigating the highest demand in history with the most constrained supply chain of the
modern era. Profitability is secure, but the architecture of flight is undergoing a forced evolution.”

'1
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