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Project Overview

Award name: Engineering Design of a Polaris Membrane CO, Capture System at a
Cement Plant (DE-FE0031949)

Project period: 10/1/2020 to 3/31/2022 (18 months)

Funding: $1.49 million DOE; $0.37 million cost share ($1.86 million total)
NETL Federal project manager: Carl Laird

Participants: MTR, Sargent & Lundy, and Cemex

Project scope: Conduct an engineering design study of MTR’s CO, capture process
applied to the Cemex Balcones cement plant in Texas

Project goal: The project will produce a design report with detailed engineering
drawings, a completed NEPA study, a construction schedule, and an AACE
Class 3 cost estimate (+30%/-20%) for a Polaris capture system installed
at Balcones cement plant.
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MTR’s CO, Capture Development Timeline

B&W Integrated

Feasibility Study APS Cholla Demo (FE0026414)
(NT43085) (NT0005312) Low Pressure Mega Module «Integrated operation of 1 MWe
*Sweep concept proposed «First Polaris coal flue gas test (FEO007553) system with B&W’s 0.6 MWe
*Polaris membrane conceived *1TPD CO, captured (50 kWe) *Design/build low Ap module coal-fired boiler

Large Pilot & Full Scale FEED
(FE0031587 & FE0031846)
*Design, build, operate 150 TPD
Large Pilot capture at WITC
Full scale study of retrofit to Dry
Fork Station

Cement FEED

(FE0031949)
«Retrofit study of capture from
Cemex Balcones cement plant

APS Red Hawk
NGCC Demo

*First Polaris flue gas test

*250 Ib/d CO, for algae farm

Hybrid Capture
(FEO013118)
*Membrane solvent
hybrids with UT, Austin

NCCC 1 MWe Demo
(FEO005795)
*11,000 hrs of 1 TPD system operation
1 MWe (20 TPD) system operation
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CEMEX Balcones Cement Plant

* Located in New Braunfels, Texas
adjacent to the Balcones Quarry, which is
the top crushed stone producer in the US

» Close proximity to residential areas
highlights the importance of capture
system environmental impact

 Eagle Ford shale with EOR opportunities
IS nearby
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* Produces ~1.1 million tonnes of cement/yr

* Flue gas from kiln #2 contains ~16% CO,, at
~2700 tonnes/day
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Why Membranes for Industrial Capture?

1.2

Coal

80% capture

Cement
| 1 |
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CO, concentration, %
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e Cost and energy use for membrane
systems depend strongly on CO,
concentration (partial pressure)

* Energy use for 80% capture from
flue gas with 20% CO, Is ~30% less
than at 13% CO,

« MTR and others (SINTEF, Favre,
etc.) estimate relatively low capture
costs for membranes from generic
cement or steel plants

Baker et al., Ind. Eng. Chem. Res., v57, i47, pp 15963-15970 (2018) 5



— Preliminary Design for Polaris System at Balcones —
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Raw ue gas .
e  Bag oce |t (D mlmlmﬂ,hﬁ,, 16% CO, (dry) from Kiln #2 at
l T_ Blower Balcones
preester ® Vacuum  Two stage Polaris membrane
T — o system with CO, liquefaction
1.05 bar .
Procalciner e Base case examines 75%
Vacuum contoation capture of plant CO, emissions
1 (~2000 TPD or 0.71 million TPY
Rotary kiln EE— 222:‘:: > Clinker ® compressor Captu red)
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Polaris Membrane Containers

» Test system in operation at TCM in Norway
uses a single container of membrane stacks

 Cemex full scale system would use
multiples of this unit building block

 Container with membrane stacks is the final
modular unit for this capture technology

« Cemex study will use this configuration with
today’s Polaris membranes
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Capture Cost vs Capture Rate
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cost
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Capture cost is normalized to 60% capture from

90

coal using today’s Polaris membranes
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Preliminary capture cost versus
capture rate calculations were
performed to help set the target for
the Cemex Balcones study

Membrane costs are sensitive to
the feed CO, content

Minimum cost is about 20% lower
for cement compared to coal

Membrane cost Is less sensitive to
capture rate for higher feed CO,
content; higher capture is more
affordable for cement



Capture System Site Selected

e S&L conducted a laser scan of the
Balcones site

« Will aid detailed design and general
arrangement layout of capture
system and interconnections with
cement plant

e Three locations were considered for the
capture system at Balcones

« Although not immediately adjacent to
Kiln 2, Site B — currently used for bulk
limestone and clay storage — was
selected as least disruptive to plant
operations
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— Preliminary Layout for Polaris System at Balcones —
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Preliminary Layout of Polaris Capture System
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Engineering Study:

 Builds upon prior pre-FEED and FEED
studies on MTR capture process at coal
plants (Duke East Bend, Basin Dry Fork
Station)

e |Includes the same team members at
Sargent & Lundy responsible for prior
MTR FEED studies

* Preliminary design basis completed on
schedule in project Q3
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Engineering Study Design Basis Completed

This d
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Membrane Technology & Research

CEMEX BALCONES
CARBON CAPTURE PROJECT
INITIAL ENGINEERING DESIGN

DESIGN CRITERIA
CONFIDENTIAL

Design/Working
Rev. B

June 7, 2021

Project 13978-003

Prepared by

Sargent & Lundy

nroe Street » Chicago, IL 60603 USA » 312-268-2000
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Task Schedule

Oct 2020

 Preliminary Capture Plant Process Design v~
« Capture Site Location Selected v
« Set Project Design Basis Vv~

» Detailed Design / Equipment Selection / General

Arrangement Completed (12/31/21)

e Construction Cost Estimate and Schedule (12/31/21)
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« EH&S and Permit Review (9/30/21)

« Final Cost Estimates and Reporting (3/31/22)

March 2022

MIT R
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Project Milestones

Milestone Task/ : . Planned Actual Verification
Subtask Milestone Description . : Notes
Number NO Completion [Completion Method
Budget Period 1 Milestones
1 1.1 Updated Project Management Plan completed 10/31/20 10/30/20 Revised PMP Completed on time
2 1.2 Complete Technology Maturation Plan Report 12/31/20 12/22/20 Topical Report Completed on time
3 2.0 Capture Plant Power Source Selected 3/31/21 3/31/21 Quarterly Report | Completed on time
4 2.0 Pre-treatment Requirements Determined 3/31/21 3/31/21 Quarterly Report | Completed on time
5 2.0 Project Design Basis is Set 6/30/21 6/17/21 Quarterly Report | Completed on time
6 4.0 Detailed Process Design is Completed 12/31/21 Quarterly Report On schedule
7 6.0 All Site Environmental Issues and Permitting 9/30/21 Quarterly Report On schedule
Resolved
3 19 Complete Final Technology Maturation Plan 6/30/22 Topical Report on schedule
Report
9 8.0 Complete Techno-Economic Analysis Report 6/30/22 Topical Report On schedule
10 9.0 Submit Final Report 6/30/22 Final Report On schedule

MIT R
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Summary and Next Steps

* Engineering study is examining MTR membrane capture of 75%
of CO, emissions from Kiln 2 at CEMEX Balcones cement plant

* Project is on schedule — preliminary process design completed,
capture plant location selected, and design basis set

* Over the next 6 months, detailed design, costing and
environmental/permitting review will be completed

e Reporting of project findings will occur in Spring 2022

* |f techno-economics are favorable, the next step would be a
nilot demonstration test at Balcones
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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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Role of Participants

DOE Office of Fossil Energy
NETL Federal Project Management, Carl Laird

Membrane Technology & Research, Inc.
Co-Principal Investigators, Tim Merkel, Brice Freeman

The Project Team

CEMEX
Host Site
Nestor Mora
Lucia Renau

Cement plant
technical
information

MTR
Technology Provider
Alicia Breen
Thomas Hofmann

Engineering design
of membrane system

S&L
EPCM
Dana Pierik
Kevin Lauzze

BOP engineering
Costing
Permitting
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Project Tasks and Schedule

Task # Task Name Ql Q2 Q3 Q4 Q5 Q6
1 Project Management and Planning T‘
2 Set Project Design Basis
3 Prepare Preliminary Process Design S T
4  Prepare Detailed Process Design —_—
5 Prepare Cost Estimates and Schedule —:
6 Conduct EH&S Review / Permitting
7 Hazop and Constructability Review ———
8 Prepare Techno-economic Analysis
9 Complete Final Report j




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18

