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Disclaimer

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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Project Overview

« Cooperative Agreement No. DE-FE0032136 $1,000,000

 Total Funding: $4,999,585 $3,999,585

m DOE m Non-DOE
e Performance Period:

2022 | 2023 | 2024
Q3

Budget Period 1 (24 months)
Official End

Start
A/1/2022 5/31/2024

 Main objective:
To complete a front-end engineering and design (FEED) study for a commercial-
scale, carbon capture system that separates 95% of the total CO, emissions at
Holcim Ste Genevieve Cement Plant using Air Liquide’s Pressure Swing
Adsorption (PSA) assisted Cryocap™ FG technology
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Project Organization Structure

,ﬂ HOLCIM ILLINOIS CarbonSAFE-Illinois
- PRIME CONTRACTOR (FE-0029381)
Holcim US Cement University of Illinois (UIUC) Prairie State Energy Campus, Marissa, IL
Host Site and OSBL Design Bajio Varghese Kaleeckal, Tech. Lead
| |
SUBAWARDEE SUBAWARDEE

!‘)Flirliquide $Visage Energy
ENGINEERING & CONSTRUCTION CLEAN ENERGY CONSULTING
Air Liquide US Inc Daryl-Lynn Roberts

Vincent Gueret : : e
Social Justice Analysis,
ISBL design and costing Market Analysis

Kiewit Corporation
Bob Slettehaugh
Bryan Lofgreen
Engineering, Procurement
and Construction
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Holcim’s Global CCUS Portfolio

Exshaw
CANADA

1.0MTCO,
2030cCs

Ste. Genevieve
us.

3.0MTCO,
2028-2029 CCS

Portland, Colorado
u.s.

1.3MTCO,
2032¢Cs

Holcim has a large portfolio of large scale projects in various stages of development
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GERMANY
1.2MTCO;,

2029 cCUS

Obourg =
BELGIUM

1.1MTCO,
2028 cCs

Cauldon
UNITED
KINGDOM
0.7MT CO,
2030-2032 CCUS

Saint-Plerre-
la-Cour
FRANCE
1.0MTCO;
2030-2032 CCUS

Hover
GERMANY
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2030-2032CCUs

Mannersdorf
AUSTRIA

0.7 MTCO,
2030-2032CCUS

Kujawy
POLAND

1.2MTCO;
2027ccs

Le Teil =,
FRANCE
0.2MTCO;,
2028 cCUs

Martres
FRANCE

0.7 MT CO,
2030-2035 CCS

Carboneras
SPAIN

0.8MTCO,
2030-2032CCUS
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Campulung
ROMANIA
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0.7 MT CO;
2030-2032CCs

Milaki O]
GREECE
1.0MTCO,
2029cCCs

Koromaéno =
CROATIA
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2028 cCs
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Ste Genevieve - Holcim’s Flagship Cement Facility

STE GENEVIEVE CEMENT MARKET ACCESS

W Exshaw ()

St Constant (+)
u

Bath ()
=

Ravena
.
*  Whitehall
, Hagerstown
.

|
Devil’s Slide o

.-
Holcim
M Cement pl'in!s
e largest single-line cement plant in the world. Modern, efficient & state of the art facility, with high degree of
automation and utilization (on stream factor)
® More than 100 years of limestone supply & 2,000 acres conservation area.
e Annual cement production capacity of 4.5 million metric tons. Investment of $100 million underway to further
increase the capacity to 5.3 million metric tons, with no increase to CO, absolute emissions.
e Pivotal CCS project with a potential to decarbonize ~25% of Holcim US’ and ~5% of US’ cement production
e Potential to provide net zero cement to the largest geographic market in the US due to its logistic strengths.
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Cryocap™ overall technology mapping

a
Products @®crvyocap™
. FG “Flue Gas” (orSteeI) o 2 L OXY (thgﬁer)
ABSORPTION ADSORPTION + CRYOGENIC CRYOGENIC
Cogen ' Flue gas SMR . : PSA H, tail gas 5 ‘
Source Bioenergy  Cement/lime OjaeREiing § (SMR, ATR) :  Oxy Combustion Highly
. Waste (cement, lime, : : , concentrated
Fired Incineration FCC - A e : (cement, lime, power) co, |
heaters Blast Furnace P 5 :
10% 20% 30% 40% 50% 70% 80% 90% 100%

CO, Content in Feed Gas (dry basis)
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Cryocap™ overall technology mapping

A
products » . . 4£ @ cryocAP= -
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oxY (Liquefier)
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Site Data & Basis of Desigh Documents

Flue Gas Specification

Nominal

Temperature F (C) 302 (150)
Pressure psia (bara) 16.1 (1.11)
Flue Gas Total Mole flow MMSCFD(70) (wet) 1087
Carbon Dioxide (CO,) mole% wet 20.3
Water (H,0) mole% wet 12.3
Nitrogen (N,) mole% wet 58.1
Oxygen (O,) mole% wet 8.5
Argon (Ar) mole% wet 0.8

CO, Product Specification

Pressure: 2,215 psia (153 bara)

Temperature: <120F (<49C)

Purity: >95%

Impurities: as per potential pipeline and storage operator specifications
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Cryocap™ application to Holcim Ste Genevieve set-up

Key Design Considerations
- Application to specific flue gas characteristics

+2; Decarbonated gas

- Process integration
- 2 Parallel Trains

Flue Gas Pre-
Conditioning

(1; Cement
Flue Gas

Flow: 800 kNm?3/h (dry basis)
1% CO,

Gas Separation &
Purification

(:3,\/' Supercritical CO, Product

Flow: 225* kNm?3/h (3.9 Mtpy

100% CO,

\ CO,)
95%* CO, recovary

Pretreatment Flue Gas .

Flow: 1,190 kNm3/h :
Compression 1

20% CO,

o = = —
—
—

Rich €O,

Process condensates to water treatment

* rounded figures, for the purpose of the presentation only
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Cryocap™ FG: CO, Capture from Flue Gas
(¥15% to 40% dry mol CO,)

> Modular & mature technology
bricks

> PSA as a preconcentration brick

> HSE friendly (no chemicals and
no flammables)

> Electricity powered (no steam
needed)

> Compact & Flexible footprint:
Compressors, PSA and Coldbox
can be located in 3 different
plots

> NO, Smart Management

> Gaseous or liquid CO,

> CO, capture rate: 95%+

NET.
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Site Specific Evaluations

Selection of Site Location (25 acres):.

« Two options evaluated, base of mine selected

« Considered mine planning, constructability i.e.
laydown, labor access, construction

(craneage), ground vibrations from blasting,
etc.

Transportation & Constructability Review:

* |deal Site for modularization & off-site
fabrication

« Preliminary Heavy Haul/Lift Planning

« Transportation not limiting factor

Cooling Method Evaluation:

» Water sources (sample analysis)
» Evaporative Cooling w/ZLD

* Minimize water consumption
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ISBL Detailed Engineering - Plant Layout (1 Train)

Flue gas
pre-treatment

Flue gas
compressor

Cooling &
Dryers
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OSBL Detailed Engineering - Plot Plan

* Cooling Tower & Pumps

*  Flue Gas Duct, Fans, & Dampers
*  Water Treatment (ZLD)

* All Buildings

* Nitrogen Generation System

»  Caustic Storage / Forwarding

* Field Erected Tanks

*  Admin Building & DCS

LEGEND:

+ Collector Well & Pump House

+  Other Balance of Plant Systems and
Equipment (Air, Water, Drains, etc)

* Power Distribution to OSBL & ISBL

* Main Power Transformers

*  Electrical Enclosures

« DC/UPS

*  SUS Transformers

* ISBL Compressor Drives

+  Substation Equipment

« All Civil

0001 ADMIN BUILDING
0003 WATER TREATMENT BUILDING/AREA
(SEE DWG: 20041368-GA-010 FOR LAYOUT)
0006 FIRE PUMP ENCLOSURE
0034 BOP ENCLOSURE
0085 DEMINERALIZED WATER TRAILER
0100 COOLING TOWER
0102 COOLING TOWER/WATER TREATMENT ENCLOSURE
0104 CIRCULATING WATER PUMPS
0105 AUXILIARY CIRCULATING WATER PUMP
0111 COOLING TOWER CHEMICAL FEED AREA
0112 OIL WATER SEPARATOR
0124  SERVICE/FIRE WATER STORAGE TANK
0125 SERVICE WATER PUMP SKID
0137 POTABLE WATER TREATMENT FORWARDING PUMP

SKID

0140 NITROGEN ASU (EQUIPMENT PROVIDED BY VENDOR)

0147 SAMPLE PANEL

0160 SUS TRANSFORMER

0173 AIR COMPRESSORS

0174 AIR DRYERS

0175 DRY AIR RECEIVER

0319 WET AIR RECEIVER

0511 RWT FILTERED WATER STORAGE TANK

0521 FGT FILTERED WATER STORAGE TANK

0568 RWT FILTERED WATER FORWARDING
PUMP/CARTRIDGE SKID

0574 RO PERMEATE STORAGE TANK

0590 FLUE GAS CONDENSATE STORAGE TANK

0591 FLUE GAS CONDENSATE FORWARDING PUMP SKID

0603 FLUE GAS CONDENSATE DRAINS SUMP AND PUMPS

0686 THERMAL SYSTEM SKID

0688 THERMAL SYSTEM STORAGE TANK

0750 SUBSTATION

0818 FLUE GAS DUCT

0840 ISBL SCOPE (SEE AIR LIQUIDE DWG:
27046-62-01-PP-015003 FOR LAYOUT)

1304 TRAIN 1 FLUE GAS BLOWER

1311 TRAIN 1 LCI ENCLOSURE

1312 TRAIN 1 ENCLOSURE

1317 TRAIN 1 CAUSTIC SODA STORAGE TANK

0820 1318 TRAIN 1 CHILLED WATER TOWER CHEMICAL FEED SKID

1376 TRAIN 1 CAUSTIC SODA FORWARDING PUMP SKID

1381 TRAIN 1 CAUSTIC SODA RECIRCULATION PUMP SKID

] 2304 TRAIN 2 FLUE GAS BLOWER

| 2311 TRAIN 2 LCI ENCLOSURE

/ 2312 TRAIN 2 ENCLOSURE

/ 2317 TRAIN 2 CAUSTIC SODA STORAGE TANK

J 2318 TRAIN 2 CHILLED WATER TOWER CHEMICAL FEED SKID

2376 TRAIN 2 CAUSTIC SODA FORWARDING PUMP SKID

2381 TRAIN 2 CAUSTIC SODA RECIRCULATION PUMP SKID

000y

Q
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Provided vendor quotes as part of project
deliverables.
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OSBL Detailed Engineering
— 3D Models - Flue Gas Duct
Tie-ins & Capture Plant Layout

Blowers & pre-
treatment
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Risk Assessment

- A Hazard Identification (HAZID) review of the ISBL and Hazard and
Operability (HAZOP) review of the ISBL

interconnections were performed at site with plant operations.
1 Interdisciplinary process
1 Process (flow, pressure, temperature, composition, etc.) and system interconnections &
interdependencies evaluated
1 Plant to OSBL
d OSBL to ISBL

« Mitigations & controls identified, without major concerns

O roadblocks

recommendations
for EPC phase

std op. procedures
for EPC phase
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Techno Economic Analysis

Cost of Capture Breakdown Case 1 - Project

- 2023 NETL method
with project-specific
data and assumptions

- Operational Period: 30
years

- Commercial Rates for
ROI, loan

- Class 3 Cost Estimate
Includes site improvements,

Total Plant Cost

ZLD, buildings
- Direct, Indirect and
Owners Costs B
Included
s ZRS Oyorcim @Airliquide AVisageEnergy

@ Capital
@® Fixed O&M
@ Variable O&M

Electricity

Carbon Capture Island
45.6%

@Kiewit @ENERGY |
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Life Cycle Analysis (GWP)

800

BASELINE WITH CCS

700

600
- Scope: cradle to gate
[<F] . 0
E 500 Functional unit: 1 tonne cement
o Method: TRACI 2.1 (NETL)
§ 400 Electricity: U.S. Renewables
= . .
§ 200 Region: Midwest
< Baseline: Holcim Ste
- .

200 Genevieve LCA (2021)

- —

0
Holcim cement production without CCS - Holcim cement production with CCS -
baseline renewables
W CO2 capture and compression W CO2 in the flue gas
B CO2 transportation and sequestration ® Construction Materials and Others
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.o#'*
Environmental Justice Analysis %’
* Identified local communities that have traditionally been Blue Shaded Regions = DAC
marginalized and disproportionately impacted through a
stakeholder mapping process

* Assessed involvement strategies of communities by
information exchanges and engagement techniques

* Holcim held community engagement meetings sharing
with the community potential project benefits
and impacts.

Economic Revitalization & Job Creation

\ 4
Jobs &g Economic Impact% Tax Revenue e

Construction >15,000 work-years ~$2.5B >5240M
e
Operation > 8,600 work-years ~§7.3B >5220M
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Conclusions & Lessons Learned

Strong, motivated teams are essential for constructive project FEED development

Project development & technology selection is site specific (flue gas, layout, energy/
utility provisions require study work and trade-off analysis)

Cooling evaluation is key for cement plants, based on atmospheric conditions,
cooling demand, water source (volume & quality)

Water treatment and effluent disposal can have significant impacts both in terms of
cost and overall freshwater withdrawal, with cement plant integration opportunities

Pre-treatment and flue gas conditioning is critical to deliver a successful project
integration to the cement industry

PSA + Cryogenic technologies has HSE advantages translating to benefits in
integration (e.qg. utility requirements) & community benefits

Effective capacity to consider cement plant variations, MTBF/ MTTR vs ramp up /
ramp down and turndown
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Cryocap™: 18+ years of legacy

Under Execution

A
Individual Comprehensive Operating Plants r \
Technology Testing Pilot testing A
o k.
Conceptual ( G
Studies B
A s
4 b 5832 CALLIDE e ol - o -
ity okion 75tpd CO, - ol N : PORTHOS
S At CRYOCAP™ Oxy o b R GRAND PUITS 1,800 tpd CO,
. STEELANOL 340 tpd 002 CRYOCAP™H
ERO 800 tpd CO CRYOCAP™ H 2
E ngg Ji“gg‘E CRYOCAP™ Steel 2
Bt ok i

TOTAL LACQ CIUDEN CRYOCAP™H, 4y techno testing
240 tpd CO, 200/ 10 tpd CO,

Diinrs CRYOCAP™ Oxy

= MEFOS PILOT 70 tpd CO Bl ' ® ®
GREEN SMR TF CRYOCAPY,S}YEGIH 27/ //9 W o/ /;///,/ //ﬁ 2023 2024
CRYOCAP™H, : T—— 77 72z 2022
77777 ®
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