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Honeywell Liquid Organic Hydrogen Carrier (LOHC) Solution
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01 What is Hydrogen Economy?

02 What are Liquid Organic Hydrogen Carriers?

03 Introducing the Honeywell LOHC Solution

04 How does Honeywell LOHC compare to other solutions

05 Ready now and executing industrial size projects
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WHAT IS THE HYDROGEN ECONOMY?

¢ Hyd rog e n eCO no my an d Inte rCO u ntry Major flows of hydrogen and derivatives, million tons hydrogen equivalent in 2050
transportation is possible for 2 major
reasons:

» Differences in regional supply and
demands for clean hydrogen

» Differences in the cost of producing
clean hydrogen between different
regions

Net trade flows, million tons hydrogen per annum
HBQIGF‘I CoONsUMmes

— = 20 .
more than it produces

10-20
5-10 Neutral
1-5
Mostly shipped Region produces
Maostly piped more than it consumes
----------- Alternative potential flows if
optimal sources constrained Hydrogen Council

McKinsey & Company, October 2022

Honeywell LOHC Solution provides economical option which enables the hydrogen economy

Honeywell
UOP



re——

LIQUID ORGANIC HYDROGEN CARRIERS (LOHC)

Store hydrogen as liquid in
ambient conditions

Enable large volume
transportation of hydrogen
across the world

Utilize existing port, refining and
shipping infrastructure

Reduce the need of large-scale
hydrogen storage

Provide a safer and lower cost
solution compared

Honeywell
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fgug‘mgh')- LOHC (BT/DBT) NH3 LIQUID H,
Technology Readiness at commercial scale
Carrier availability
Liquid at ambient Temperature and Pressure
Infrastructure
H, Purity

Retrofit options

Flammability

Health Hazard
Reconversion costs

Energy Density

— - S —
Sources b f . s
The Future of Hydrogen, IEA, June 2019
Determining the Production and Transport Cost for H, on a Global scale, Collis et al, 2022 -
» * EU Commission assessment of hydrogen delivery options, EU Joint Research Centre, 2021
Hydrogen Carrier Economics, KBR Advisory Consulting, 2021 .

Hydrogen Insights, Hydrogen Council and McKinsey & Company, 2021

Hydrogen transportation- The key to unlocking the clean hydrogen economy, Roland Berger, 2021

Assessing opportunities and weaknesses of green hydrogen transport via LOHC through a detailed techno-economic analysis,
GASP and ENI, 2023

An economic and greenhouse gas footprint assessment of international maritime transportation of hydrogen using LOHCs,
CERENA and Copernicus institute of Sustainable Development, 2023



HONEYWELL LOHC SOLUTION

COMMERCIALLY PROVEN TECHNOLOGY AND CATALYST UOP

MCH

Methylcyclohexane
| N Y
'

UOP Toluene N " . UOP MCH
Hydrogenation NGO ’ Dehydrogenation
Process e =, _ Process

Low-Cost H2
Generation Region

High-Cost H2
Generation Region

New or Revamp of G ,‘, 2 4 dagh New or Revamp of
Existing Assets ‘ ',,'_ JORRARY TLA T ORENA 4 Existing Assets

Toluene

45+ commercial reference units 1000+ commercial reference
on similar technology for units on similar technology for
Benzene/Aromatics processing heavy naphtha processing



LOHC VS. OTHER MODES OF H, TRANSPORTATION

$/kg, Transport from Australia to Japan

Cost of Hydrogen ($/kg delivered)

-

0

m

5
0

o,

5.5

5.0

Reconversion 0.0 0.9 0.85** 0.61*** 1;
Distribution 0.2 0.51 0.22 0.37 0.37 0
2.5

Import/Export 1.28 0.11 0.26 0.26 ::
Conversion 1.62 0.47 0.44%* 0.44%* ;:
0.0

Production 6.16 3.74 3.74 3.74 3.74 Jopon Domestic Green L 2 HonepuellLOHC - Hone el LOHC

H2 Production (IEA) [IEA] [new facility) |Platforming Revamp)
(IEA)

S/kg

Total, s Ikg 6.36 7.16 5.53 5.66 5.42 ¥ Production W Conversion Import + Export = m Distribution ® Reconversion

*Source — The Future of Hydrogen, IEA, June 2019

** cost of production estimate is based on UOP’s catalyst and LOHC technology performance

*** Eor Platforming revamp case, catalyst changeout with limited unit modifications of a Fixed Bed unit have been considered. A unit specific assessment is
needed to define the exact modifications

Existing refinery infrastructure, safety aspect and declining fuel demand are key enablers for

LOHC over other Transport options
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ADVANTAGES OF HONEYWELL LOHC

Commercially proven and ready to execute at large scale

* No need for small-scale demonstration to prove the concept
« Costs/economics for commercial scale can be estimated with relative accuracy

Single source optimization for import and export

* Project risks are minimized

+ Seamless project execution to implement grassroots and revamp design options
+ Complete knowledge of both technologies, ownership of the catalyst supply chain

Maximum H, transported

* Highly selective reconversion to pure hydrogen
*  Minimum loss of Hydrogen
* Independently evaluated by EPC contractors and multiple customers

Minimum carrier makeup
* High selectivity leads to minimum carrier consumption and makeup

No catalyst makeup
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THE WORLD’S FIRST COMMERCIAL SCALE U
Honeywell | LIQUID ORGANIC HYDROGEN CARRIER PROJECT s

HONEYWELL TECHNOLOGIES ARE HELPING TO BUILD AHYDROGEN POWERED FUTURE

Auto-thermal Reforming
Steam Methane Reforming
Carbon Capture and Storage

Electrolysis _—

Commercially Proven and Ready at Scale
100 Years of technology expertise and know how

Industry Leading Hz Purity and Transport Volume

Independently evaluated by EPC contractors and multiple customers

UOP LOHC
Dehydrogenation
Process \!

TOLUENE

Transportation Building Heat

\ and Power

Leverage Existing Infrastructure for Implementation
Seamless project execution to implement grassroots and revamp design options

Single Source Optimization for Import and Export
Minimize project risk with a holistic approach to technology and ownership of the catalyst supply chain




THE WORLD’S FIRST COMMERCIAL SCALE U
Honeywell | LIQUID ORGANIC HYDROGEN CARRIER PROJECT s

HONEYWELL TECHNOLOGIES ARE HELPING TO BUILD AHYDROGEN POWERED FUTURE

“ENEOS, a leading energy company in Japan,
will develop the

world’s first commercial scale LOHC project
using Honeywell’s solution at multiple sites...”

Building Heat

Electrolysis _) k and Power

Commercially Proven and Ready at Scale Leverage Existing Infrastructure for Implementation
100 Years of technology expertise and know how Seamless project execution to implement grassroots and revamp design options

Industry Leading Hz Purity and Transport Volume Single Source Optimization for Import and Export
Independently evaluated by EPC contractors and multiple customers Minimize project risk with a holistic approach to technology and ownership of the catalyst supply chain
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