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This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply 
its endorsement, recommendation, or favoring by the United States Government 
or any agency thereof. The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government or any agency 
thereof.
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Disclaimer



  

• Execute and complete front-end engineering and design (FEED) studies for a 
commercial-scale, carbon capture project that separates 95% of the main 
carbon dioxide (CO2) emissions at a Hot Briquetted Iron (HBI) plant that emits 
approximately 1 million tonnes CO2/year. The capture system is a Pressure 
Swing Adsorption (PSA) system assisted Cryocap  technology.
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• Total Funding: $4,950,328
 DOE: $3,959,328
 Non-DOE: $991,000
 Cost Share: 20%

• Performance Period:  
 April 1, 2023– June 30, 2025*
 18 months, 1 Budget Period

*After pending No-Cost extension

Project Overview and Objectives



  

David Zybko, Chris Tovee

Marcelo Andrade, Philip Aufreiter, 
Dr. Christopher Harris

Project management, LCA, WRP, BCA, 
E&HS, JC analysis & Final Report.

Design basis, ISBL preliminary 
engineering, ISBL design, and 
HAZOP study

OSBL design, 
constructability 
review, and cost 
assessment.

Environmental 
justice analysis

Site data and participate 
in engineering design 
decisions pertaining to 
host site and capture 
plant integration

Engineering analysis pertaining to 
modifications of host site process
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Project Team Management Structure and Team Tasks
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Name Organization

Hafiz Salih, Sebastiano Giardinella, Bajio Varghese Kaleeckal, 
Maholy Echeto Palmar, Mary Terese Campbell, Ryan Larimore, 
Vinod Patel,  Jim Dexter, Jason Zhang

University of Illinois at Urbana 
Champaign

Marcelo Andrade, Philip Aufreiter, Anderson Morelato, 
Christopher Harris, Juan Aguilera, Elaine Chen ArcelorMittal

Todd Astoria, Allison Sellers, Sean Boyle Midrex

Vincent Gueret, Lindsey Turney, Timothy Henderson, Pierre-
Philippe Guerif, Anh Dang, Marie Jacquemin, Vincent Lu, Kazeem 
Adeleke, Pamela Pellacoeur, Elia Corder

Air Liquide

Will Johnson, Daryl-Lynn Roberts Visage Energy

David Zybko, Chris Tovee, Paul Towsey, Brian Rogers, Mark 
Slazinski, Ian Hardesty, Edward Warpotas, Fernando Sanchez, 
Branden Messina, Ben Collacott, Nicole Cavlovich

Hatch

Project Participants



  

Host Site 
ArcelorMittal Texas HBI
World’s largest and most state-of-the-art HBI Plant with annual 

production of 2.0 million metric tons of high-quality MIDREX®
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midrex.com



  

• Largest and most state-of-the-art HBI 

plant in the world.

• Production: 2.0 million tonnes/year 

MIDREX® HBI. Approximately 1 

million tonnes/year CO2.

• Located within the Port of Corpus 

Christi Area. 

• Site is located close to several 

potential storage sites in 

development within Port of Corpus 

Christi area
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Host Site

ArcelorMittal Texas HBI Plant
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ArcelorMittal – Growth in USMCA
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The steel industry is responsible for 7-9% of global CO2 emissions. 

• Availability of scrap today, scrap comprises 20-22% of global metallic inputs. IEA estimates 
37% of steel will be produced via scrap based EAFs by 2030—increasing to ~50% by 2050.

• As such, Ore-based metallics are critical and will still be in demand as a scrap substitute.

• Capacity: Current and future announced US capacity additions ~16Mt, all EAF based with 
~85% being flat rolled.

• Exports/Imports: US exports 15-20Mt obsolete scrap annually, but imports 2Mt prime 
scrap—prime scrap generation is abating

• In 2021 US imported 6Mt of pig iron and 1.7Mt of DRI/HBI.

ArcelorMittal Decarbonization – North America Context
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ArcelorMittal Decarbonization Pathways
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ArcelorMittal Decarbonization Projects



  

Background on Capture 
Technology

CryocapTM Technology
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engineering.airliquide.com



  

CryocapTM FG: CO₂ Capture from Flue Gas (~15% to 40% dry CO₂)
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➢ Suitable for a large range Flue 
Gas types (Cement, Lime, SMR , …)

➢ PSA as a preconcentration brick

➢ HSE friendly (no chemicals and no 
flammables)

➢ Electricity powered (no steam 
needed)

➢ Compact & Flexible footprint: 
Compressors, PSA and Cold end 
can be located in 3 different plots

➢ NOx Smart Management

➢ Gaseous or liquid CO2

➢ CO2 capture rate: 95%+

CO2 ProductN2 rich stream

Rich CO2

PSA Cold end

CRYOCAP  FG

Industrial 
plant

Flue gas



  

Project Management
Milestones, Risks & Mitigation
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Deliverables and Milestones
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Task Deliverable Title Due Date

1.1 Project Management Plan The first version has been delivered. Updates 
submitted according to latest schedule.

1.2 Technology Maturation Plan

The initial TMP has been delivered. 
Updates to the TMP shall be submitted, as needed, 
throughout the project period of performance. A final 
TMP is due 90 days prior to project completion.

1.3 Workforce Readiness Plan

The initial Plan is due at month 12 of the project 
based on the start date of the Period of Performance.
- Revised to month 12 based on the Award Execution 
Date -. Subsequent updates to the Plan, as 
necessary, are due at 12-month intervals.

2.1 Design Basis December 15, 2023

2.2 Initial Engineering Design Package April 15, 2024

4.0 Business Case Analysis Due 90 days prior to project completion.

5.0 Life Cycle Analysis Due 90 days prior to project completion.

6.0 Technology Environmental Health 
and Safety Analysis Due 90 days prior to project completion.

7.0 Environmental Justice Analysis Due 90 days prior to project completion.

8.0 Economic Revitalization and Job 
Creation Analysis Due 90 days prior to project completion.

9.0 Final Engineering Package Due 90 days prior to project completion.



  

Project Schedule
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Carbon Capture Plant Feed Conditions

Carbon Capture Plant Product Specifications
• Delivery Pressure: 2100-2200 psig (144.79 – 151.68 barg)
• CO2 composition: >95 vol% (dry basis)
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Design Basis



  

Reduces overall 
energy 

requirement

Two water 
sources 

(sea + raw 
water)
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Cryocap FG

Block Flow Diagram



  

• Several options for 
heat recovery were 
investigated.

• Waste Heat Recovery 
with thermal 
oil selected as the 
most efficient solution.
Hot oil is then used for 
ISBL process heating.
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Optimization Studies: 
Heat Recovery



  

• Fresh water in demand 
in the region. 

• Water sources split to 
reduce strain on fresh 
water and benefit from 
process efficiencies 
derived from lower 
source temperatures.

• Seawater used for 
quench cooling water 
make-up. 

• Raw water from San Pat 
industrial supply to be 
used as make-up for 
ISBL cooling water 
(evap. cooling).
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Optimization Studies: 
Water Sources
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Scope: cradle to gate
Functional unit: 1 tonne iron
Method: TRACI 2.1 (NETL)
Electricity: 
 Case 1: Onshore wind
 Case 2: ERCOT mix
Baseline: 
- GHG emissions at site 

(main process)
- Upstream impacts from 

GaBi-DB 2021.1 Carbon 
Footprint (EN 15804+A2 
characterization factors)

Preliminary Life Cycle Analysis

95% reduction main process
~87% reduction overall (main + vents/non-continuous)
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Scope: cradle to gate
Functional unit: 1 tonne iron
Method: TRACI 2.1 (NETL)
Electricity: 
 Case 1: Onshore wind
 Case 2: ERCOT mix
Baseline: 
- GHG emissions at site 

(main process)
- Upstream impacts from 

GaBi-DB 2021.1 Carbon 
Footprint (EN 15804+A2 
characterization factors)

~42% reduction ~37% reduction

Preliminary Life Cycle Analysis



  

Name Organization

Krista Hill, Jodi Collins National Energy Technology Laboratory / US 
Department of Energy

This material is based upon work supported by the Department of Energy under Award 
Number(s) DE-FE0032221.
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