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FORWARD LOOKING
STATEMENTS
This presentation contains certain statements that may be 
deemed “forward-looking statements” within the meaning of 
Section 21E of the Securities Exchange Act of 1934. All 
statements, other than statements of historical fact, that 
address activities, events or developments that we or our 
management intends, expects, projects, believes or 
anticipates will or may occur in the future are forward-looking 
statements. Such statements are based upon certain 
assumptions and assessments made by our management in 
light of their experience and their perception of historical 
trends, current economic and industry conditions, expected 
future developments and other factors they believe to be 
appropriate. The forward-looking statements included in this 
presentation are also subject to a number of material risks 
and uncertainties, including but not limited to economic, 
competitive, governmental, technological, and COVID-19 
public health factors affecting our operations, markets, 
products, services and prices. Such forward-looking 
statements are not guarantees of future performance, and 
actual results, and other developments, including the 
potential impact of the COVID-19 pandemic, and business 
decisions may differ from those envisaged by such forward-
looking statements. Any forward-looking plans described 
herein are not final and may be modified or abandoned at 
any time. We identify the principal risks and uncertainties that 
affect our performance in our Form 10-K and other filings 
with the Securities and Exchange Commission.
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GLOBAL HYDROGEN OUTLOOK THROUGH 2050

In a decarbonized world, H2 demand could grow up to ~10-fold

SOURCE: Hydrogen Council, Decarbonization Pathways, 2021
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Source: Hydrogen Council: Scaling Up, McKinsey 5
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GLOBAL HYDROGEN OUTLOOK THROUGH 2030

CO2 capture critical to carbon neutral targets through 2030

6Source: Hydrogen for Net Zero, 2021, Hydrogen Council

SOURCE: Hydrogen Council, Decarbonization Pathways, 2021

CO2 CaptureHydrogen End Use Demand





LOW CARBON H2 ATR SOLUTIONS



Honeywell Confidential - ©2023 by Honeywell International Inc. All rights reserved. 9

ATR RECYCLE 
LOW CARBON INTENSITY
UOP CO2 FRACTIONATION SYSTEM
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Off-gas Recycle to ATR Feed

• Low Carbon Emissions

• Higher Feedstock Efficiency

Scope 1 Emissions: <0.1 kg CO2 / kg H2*

Carbon-free fuel gas stream produced in H2 
PSA

• Selective rejection of inerts

• Approximately 30 psi(g)

• Approximately 90 mol% H2 and 10% N2 + 
Argon

* With the evolving legislative environment, an integrated solution was identified with low carbon intensity as 
a key target. According to internal calculations, the result is a solution which will enable scope 1 emissions 
to be less than 0.1 kgCO2/kgH2 by carbon capture rates above 99%, supporting the eligibility for production 
tax credits within the IRA, meaning projects can access the support they need to be deployed rapidly.
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CO2 FRACTIONATION UNIT

CO2 Fractionation

MolSiv Dehy

Polybed PSA
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CO2 FRACTIONATION SYSTEM

Frac.

Column

CO2 Product

CO2 Booster Pump

Accumulator

Column 

Reboiler CO2 Reflux Pump

Main Heat ExchangerCO2 
Recycle

Hydrogen 
Product

Pre-Heater

ATR Syngas

Tail Gas

Inlet Gas 
Chiller

Condensate

MOLSIV 

DEHY

Refrigeration 
Package

TAIL GAS

COMPRESSOR

OVHD

PSA

H2

PSA

CO2 Product Pump

Off Gas



Honeywell Confidential - ©2023 by Honeywell International Inc. All rights reserved. 12

VALUE PROPOSITION – INTEGRATION OF AUTO-THERMAL 
REFINING AND CRYOGENIC FRACTIONATION TECHNOLOGIES

• Scope 1 emissions can be reduced to <0.1 kg of 
CO2 per kg of H2 by recycling Carbon molecules to 
the ATR and purging inerts. Overall carbon intensity 
will be driven by fugitive emissions upstream of the 
process and the carbon footprint of the electricity 
consumed from the grid 

• Lower Natural Gas consumption but more 
Electrical Power consumption. Potential for 
Scope 2 emissions to be reduced over time as the 
grid power leverages renewable energy sources

• Scope 3 emissions driven by fugitive emissions 
upstream

• H2 product is at 99.9+% purity*

• No C and no inerts (Ar and N) to H2 Product 
Stream (C recycled, inerts purged in other streams)

• UOP’s flow scheme has different battery limits, and 
this provides more flexibility to adapt to the needs 
of the Customer while optimizing performance

• Liquid CO2 product stream is inherent to process 
and is ready for storage and shipping, and would 
save CAPEX and energy in case CO2 needs to be 
compressed for high-dense pipeline transportation

• Reliability: H2 product supply can be delivered 
even when CO2 capture system is shutdown

• Equipment count of UOP Cryo fractionation system 
is about 2/3 that of an amine system, which helps 
reduce Plot Area required and reduces 
maintenance requirements

* With the evolving legislative environment, an integrated solution was identified with low carbon intensity as a 
key target. According to internal calculations, the result is a solution which will enable scope 1 emissions to be 
less than 0.1 kgCO2/kgH2 by carbon capture rates above 99%, supporting the eligibility for production tax 
credits within the IRA, meaning projects can access the support they need to be deployed rapidly.



LOW CARBON H2 SMR RETROFIT SOLUTIONS
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SUMMARY OF OPTIONS

Best option depends on project requirements

UOP CO2 Fractionation
System on Tail Gas

CO2 Polybed PSA
on Tail Gas

AmineGuard FS
on Syngas

Advanced Solvent System 
on Flue Gas

CO2 Recovery from Stream >99%
Liquid product

90-98%
Gas phase product

>99%
Gas phase product

>95%
Gas phase product

Overall CO2 Capture Depends on configuration of H2 plant and % of total CO2 in pre-combustion stream 95%+

Additional H2 Yield 10-20% NO NO NO

Ultra High CO2 Purity YES NO NO NO

Steam Usage NO NO YES YES

Retrofit Bolt-on Bolt-on May require main PSA retrofit Bolt-on

Commercial Experience YES, ref. units in similar 
applications

YES, ref. units in similar 
applications Extensive Exploring first commercial 

applications

Cost of CO2 Captured*, $/MT 20–40
(includes H2 credit) 35–50 45–60 55-70

Pre-Combustion Post-Combustion

*Cost of CO2 captured includes operating costs, fixed costs, USGC basis annualized capital costs (10%/yr), and product value for additional H2 production where applicable. Low end of range shown is for $3/GJ (LHV) and high end of range is for $6.6/GJ (LHV) natural gas price. 
CO2 is provided as high-pressure product at plant battery limits and does not include CO2 sequestration costs or any tax or credits for CO2.  Cost of CO2 captured is subject to key variables - stream composition, CO2 delivery requirement (pressure, purity, phase), utility price set, 
price of H2, and geographic location; and is calculated based on internally developed models.



LOW CARBON H2 CASE STUDIES
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EXXONMOBIL
CASE STUDY
UOP H2 PURIFICATION AND CO2 FRACTIONATION

H2 PSA 
SYSTEM
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REFRIGERATION UNIT

SHIFTED
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H2 PRODUCT

ATR 
RECYCLE

OVHD
PSA

CO2
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SYSTEM
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POLYSEP
MEMBRANE

H2 PRODUCT

1,000 MMSCFD H2

Reduced total 
Carbon 

Intensity

Customized
Integrated 

Design

High Purity 
liquid-phase 

CO2

High 
Reliability

CO2 Fractionation System
• Enables the capture of about 7 million 

tons of CO2 annually, equivalent to the 
emission of 1.5 millions of automobiles for 
one year1

• 98% CO2 emissions captured across 
Low-Carbon Hydrogen production facility2

H2 Purification
• High Purity H2 produced from Pressure 

Swing Adsorption and PolysepTM 
Membrane technologies

• ExxonMobil’s H2 production project will 
enable up to 30% of scope 1 and scope 
2 emissions reduced at their Baytown 
facility3

1 Based on the EPA's GHG equivalency calculator comparing nearly 7 million tons of CO2 per year with gasoline-
powered passenger vehicles on the road.

2 CO2 equivalent emissions is a calculated value based on the combined carbon compounds emitted from the 
Hydrogen production and Carbon Capture equipment plus the combined carbon compounds in the H2 product.

3 Based on press release issued Feb 15, 2023, announcing HON H2 tech in Exxon Baytown facility. Link

https://www.honeywell.com/us/en/press/2023/02/exxonmobil-to-deploy-honeywell-carbon-capture-technology


Honeywell Confidential - ©2023 by Honeywell International Inc. All rights reserved. 17

HONEYWELL IS WINNING
WABASH VALLEY RESOURCES

One of the largest carbon capture and clean H2 
production facilities in the US to date

Figure 1: Overall flow scheme

Figure 2: Honeywell CO2 capture solution

Overview
UOP selected as technology provider for carbon capture and H2 purification for  
clean H2 production from gasifier at Wabash Valley Resources (WVR) in West 
Terra Haute, Indiana

Why it Matters
• One of the largest CCS projects (1.65 Mt/yr CO2)
• Second US project to sequester CO2 in permanent geologic storage
• Demonstrates large-scale commercially viable clean H2 and CCS project 

under current regulatory and policy framework

Technology
Integration of Modular MOLSIV, Modular Ortloff CO2 Fractionation System,
Modular PSA

Solution Advantages
• Commercially proven technologies 
• Lower Capex / Opex 
• Faster modular execution
• Parallel on-site and module fabrication execution
• High-quality shop-fabricated equipment
• Efficiency: single supplier for technology and equipment allows for less handoff
• Bankability: well-recognized in the market for both technology licensing and 

modular equipment



LIQUID ORGANIC HYDROGEN 
CARRIER (LOHC)
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WHAT IS LOHC?

• Liquid Organic Hydrogen Carrier

• Stores hydrogen as liquid under ambient conditions.

• Enables high-capacity hydrogen transport 

• Utilizes existing refinery and transportation 
infrastructure used today for fossil fuels 

• Reduces the need of large-scale hydrogen storage

LOHC is an economical solution 
to enable intercountry hydrogen 
trading for future global demand
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GREEN HYDROGEN FLOWS

Hydrogen Council 
McKinsey  & Company, October 2022

LONG DISTANCE H2 
TRANSPORT DRIVERS:

• Supply and demand gap between regions

• Difference in cost of production of H2 in 
some regions due to access to renewable 
resources
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H2 TRANSPORT OPTIONS

LOHC (MCH)

Ambient

Flammable
Hazardous

LOHC (MCH) LOHC (BT/DBT) NH3 Liquid H2

Technology Readiness 
at commercial scale

Carrier availability

Liquid at ambient Temperature 
and Pressure
Infrastructure

H2 Purity

Retrofit options

Flammability

Health Hazard

Reconversion costs

Energy Density

Sources:
- The Future of Hydrogen, IEA, June 2019
- Determining the Production and Transport Cost for H2 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 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
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HONEYWELL LOHC SOLUTION
COMMERCIALLY PROVEN TECHNOLOGY AND CATALYST

UOP
HYDROGENATION STORAGE

H2 LOHC
• Co-fired Power 
• Chemicals
• Green Steel

LIQUIDS SHIP

ISO CONTAINER

STORAGE

LOHC

LOHC

H2 CONSUMER
INDUSTRIALH2 PRODUCER

LOHC

TRANSPORT

• Fuel Cell Vehicles
• Mining 
• Forklifts

H2 CONSUMER
TRANSPORTATION

UOP TOLUENE
HYDROGENATION PROCESS

UOP MCH
DEHYDROGENATION

PROCESS

UOP
DE-HYDROGENATION 

FUELING 
STATION

H2

TOLUENE

MCH

UOP HYDROGENATION 
45+ commercial reference units 

on similar technology for 
Benzene/Aromatics processing

UOP DE-HYDROGENATION 
1000+ commercial reference 
units on similar technology for 

Heavy Naphtha processing

HEAT IN

Low-Cost H2 
Generation Region

High-Cost H2 
Generation Region
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ADVANTAGES OF
HONEYWELL LOHC
Commercially proven and ready to execute at large scale
• No need for a 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 H2 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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THANK YOU
FOR YOUR PARTICIPATION
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QUESTIONS &
ANSWERS 
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