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Project overview .

= Performance period: October 1, 2020 — March 31, 2025
= Total funding: $16.25 MM (DOE: $13 MM, Cost share: $3.25 MM)

= Objectives: 1) Design and build an engineering-scale CO, capture system using OSU’s transformational
membrane in commercial-size, spiral-wound membrane modules; 2) Conduct tests on coal flue gas at the
Wyoming Integrated Test Center (ITC) and demonstrate a continuous, steady-state operation for a minimum of
two months; and 3) Gather data necessary for further process scale-up

= Goal: Achieve DOE’s Transformational Carbon Capture performance goal of CO, capture with 95% CO,
purity at a cost of $30/tonne of CO, captured and at a cost of electricity (COE) at least 30% less than baseline
CO, capture approaches by 2030

" Team:

Project management and planning
Lead on skid design, selection of skid constructor, skid installation, and field testing

gtl e Support TEA and EH&S assessment

e Participate in project management and planning
THE OHIO STATE UNIVERSITY e  Membrane and module fabrication and QA/QC testing
e  Support skid design and field testing, TEA and EH&S study

HITC Site host, lead on testing site preparation
S TRIMERIC CORPORATION e Lead on TEA and EH&S assessment
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Process description
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OSU membrane structure and transport mechanism,

Simplicity of membrane for low cost: thin
selective amine polymer layer on polymer
support
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OSU funding history and progression of modulem
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OSU progression of membrane performance v

250 i
M DE-FE0026919

i 200 k { O DE-FE0031731 | _
— 1
2 I
=
O 150} ' R ‘ -
Q |
r 8 @
» I
=" 100 | _
"'--.N |
@) ' I
&) | |

50 57°C I 67°C . 77°C -

4 atm feed ! 4 atm feed I 4 atm feed
0 0.2 atm \{acuum: . . 0.3 atm vacuum : 0.4 atm vacuum
0 1000 2000 3000 4000

002 permeance (GPU)




OSU membrane key features: high permeance and high's
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OSU membrane long-term performance confirmw

simulated and actual flue gas at NCCC
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OSU sensitivity study indicates capture cost CM
low as <$28.40/tonne at 70% CO, capture
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Overview/roadmap - |

[Task 1 Project management and planning (throughout the project) ]

Engineering skid design, construction, Commercial-sized membrane
installation, testing and TEA module fabrication

.[ Task 3 — Design and Costing of the Skid, and Task 2 — Fabrication and Testing of ]
Manufacturer Selection M Prototype Membrane and Modules

[ BPL |-
10/1/20-6/30/22

[ Task 4 — Detailed Engineering Design of the Skid |
_ ¥

[ Task 5 — Procurement and Construction of Skid ]
] T Task 6 — Membrane Module ]

] Fabrication and QA/QC Testing

J

[ BP2
7/1/22-9/30/23

[ Task 7 — Testing Site Preparation

-[ Task 8 — Skid Installation at Testing Site

¥

[Task9—Skid Commissioning ]
L 2

[ BP3 ] - [ Task 10 — Parametric Testing ]
L 2

10/1/23-3/31/25 [ Task 11 — Continuous Steady-State Operation ] [ Task 12 — ldentification of Commercial ]

¥ Membrane Manufacturer
@ 4 Task 13 — Removal of the Skid from Testing Site |
gtl® 11




sSuccess criteria _
Point

Go/no-go 1) CO,/N, selectivity 2140 and CO, permeance 23,000 GPU achieved
Wi 6/30/22 for prototype membrane modules; and
points 2) Final engineering-plant design package submitted to DOE

Go/no-go
decision 9/30/23
noints

1) Skid constructed and passed factory acceptance testing; and
2) Skid installed at ITC

1) Demonstrated a steady-state operation for a minimum of two months
with the CO, capture rate of 60-90% and 95% CO, purity achieved

2) Final TEA delivered to DOE with 95% CO, purity at a cost of
Completion $30/tonne of CO, captured and at a COE at least 30% less than a
of the 3/31/25 supercritical pulverized coal power plant validated
project 3) Final EH&S and TMP reports delivered to DOE

4) Commercial membrane manufacturer identified for the next phase 10
MW, scale development

5) Final technical report submitted to DOE (due 6/30/25)

gti .




Milestones
# SI%fgfls,k Milestone Title/Description

M1.1 1.1 Submit updated Project Management Plan to DOE
M1.2 1.1 Complete Kickoff Meeting
M1.3 1.2 Submit Technology Maturation Plan to DOE
M1.4 1.3 Submit initial TEA and EH&S assessment topical reports
M2 1 5 Achieve CO,/N, selectivity 2140 (minimum requirement for 95 vol.% purity in the

' permeate side) and CO, permeance 23,000 GPU for prototype membrane modules
M3.1 3 Issue initial engineering plant design package for bidding
M3.2 3 Complete selection of skid manufacturer
M4.1 4 Issue engineering plant design package
M5.1 5 Complete construction of the engineering scale skid
M6.1 5 Sufficient modules fabricated for engineering scale testing; QC/QC tests indicate

' >3,000 CO, permeance and CO./N, selectivity 2140 achieved for these modules
M7.1 7 Complete site preparation at ITC
M8.1 8 Complete engineering skid installation at ITC
M9.1 9 Complete on-site system shake-down at ITC

Validate the achievement of 60-90% CO, removal rate with 95% CO, purity during
M10.1 10 : L : ) i . L
parametric testing; continuous steady-state operation conditions identified

M11.1 11 Complete steady-state operation for a minimum of two months; achieve a 60-90%

' CO, removal rate with 95% CO, purity
M12.1 12 Commercial membrane manufacturer identified for the next phase development
M13.1 13 Remove pilot-scale system and clean up the testing site
M1.5 1.3 Issue final detailed TEA and EH&S assessment topical reports
M1.6 1 Submit Final Technical Report

Planned

Date
2/28/21
6/30/21
6/30/21
6/30/21

6/30/22

12/31/21

3/30/22
6/30/22
3/30/23

9/30/23

3/30/23
9/30/23

12/31/23

6/30/24

3/31/25

3/31/25
3/31/25
3/31/25
6/30/25

_—
-~

Actual

Completion Completion

Date
2/26/21
7/20/21

4/2/21



Status of BP1 tasks

gti

Task 1.3 — TEA and EH&S Risk Assessment:;

Ongoing

Task 2 — Fabrication and Testing of Prototype

Membrane and Modules: Ongoing

Task 3 — Design and Costing of the Skid, and
Manufacturer Selection: Commenced

Task 4: Detailed Engineering Design of the

Skid: Planned

Generate initial design package
*PFD, P&ID drawings w/ process description
"Equipment, sizing and data sheets
=Instrumentation and data sheets
»Data acquisition requirements
»Power and controls engineering
»Plant electricity, heat, and water consumption
»\Waste generation and management
»Flue gas inlet and outlet conditions
»Start-up, steady-state operation, and

shutdown procedures

A 2

HAZOP review and recommendations

Finalize package and send to bidders

Review quotes and select skid fabricator

Detailed engineering design of the skid

‘"Review scope of work schedule

»Review programming, mechanical fabrication,
electrical fabrication

»Review the quality assurance standard

»Determine acceptance testing standards

=Create initial 3D model

»Finalize the P&ID and detailed engineering
design drawings for construction

Skid construction and acceptance testing

— Task 3

— Task 4

BP2

14
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Risk assessment: challenges and mitigation strM

Challenges/Risks

1) Particulates fouling the membrane Risk summary
Mitigation:
» 1a: Membrane modules will be equipped with filters and guards for 5

particulates
2) Corrosion or particulates fouling of membrane system equipment
Mitigation:
= 2a: Materials of construction will be selected based on lessons learned
from GTI's previous engineering scale project
= 2b: Process conditions will be modified and pre-treatments added to
address fouling issues
3) 95% CO, purity not achieved
Mitigation:
= 3a: Adjust pressure, temperature, flow rate conditions to achieve 95%
CO, purity
4) CO, capture cost not in line with the expected outcome
Mitigation: Consequence
» 4a: Optimize process design

= 4b: Improve the manufacturing process to lower membrane costs
qti 15
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Technology development path

A
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The OSU Gen Il transformational membrane with CO, permeance of 3,500 GPU
and CO,/N, selectivity of 160 has been successfully developed

Summary

Long-term stability was confirmed on simulated flue gas for OSU Gen Il membrane
and on simulated and actual flue gas at NCCC for OSU Gen | membrane

TEA based on bench-scale data suggests the membrane can achieve $28.40/tonne
CO, captured for a 70% CO, capture rate with a one-stage process and $40/tonne
for a 90% CO, capture rate with an innovative two-stage process

We are designing an engineering-scale CO, capture system using OSU'’s
transformational membrane and process for field testing at ITC

Fabrication and testing of prototype membrane and commercial-sized membrane
modules are underway

NCCC = National Carbon Capture Center 17
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Appendix — Project organization and structu

Department of Energy W
Project Oversight J

Pl Management Team GTI
i 4 GTI
/ o \ f GTI \ Ms. Kate Ja.u.rldez
Dr. Shiguang Li, ‘ Contract administrator Mr. Howard Meyer
DDr.V\\;?nsi Ha|_r|1, PFI>| Contact Pl Senior Institute Engineer
e (z]rojgét - Coordinate project \_* Internal consultant
activities activities GTI 4 GTI
* Membrane module - Mr. John Marion 4 Mr. Don Stevenson
fabrication 4 K . j Senior Program Director, VP, Energy Supply and
[ | Program office \____ Conversion
I I I I
Oosu GTI . :
Dr. Yang Han e Mr. Travis Pyrzynski Trimeric

Dr. William Morris Dr. Andrew Sexton

Dr. Winston Ho «Site host -Engingering-sce;le iystem “TEA and EH&S
Membrane module coordinator . es:gn{ construc IO_n study
fabrication & process installation and testing
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Appendix — Gantt chart

Task (M5 Mo |Task Name J 2021 lju_-_- ,lélllj J 2024 ,lvéljéb

Mo _ _ atr 30 H0r '|L]T| ék i d :L.lTl A0 1L1'.r JL;ITl jl'_!l:r Qr 1|L;-'rr JL!tl '_*L!'.r Qatr 'L’!tr J.!rr 5htr i l|:.;-rr Aor 5|'

1.1 Project management and planning GTLITC
M1.1  Submit updated project management plan to DOE & 2/2E
M1.2 Complete kickoff meeting & 3/3

1.2 Technology maturation plan GTI.OSU
M1.3  Submit technology maturation plan to DOE & 33

1.3 Initial and final detailed TEA and EH&S studies GTLITC,O5U, Trimeric
M1.4  Submit inial TEA and EH&S assessment topical reports #| 6/30
M1.5  Issue final detailed TEA and EH&S assessment topical reports @ 3(37
M1.6  Submit final technical report 6/30 ¢

20 Fabncation and testing of prototype membane and modules 05U

M2.1  Achieve CO2/N2 selectivity 2140 (minimum requirement for 95 vol % purty in the permeate & 6/30
side) and CO2 permeance 23,000 GPU for prototype membrane modules
30 Design and costing of the skid and skid manufacturer selection OSU,GTLITC

M3.1  lssue initial engineering plant design package for bidding and costing & 12/31
M3.2 Complete selection of skid manufacturer & 331
4.0 Detailed engineering design of the skid GTLITC.O5U
M4.1  Issue engineering plant design package & 6/30
5.0 Procurement and construction of the skid GTI
M5.1 Complete construction of the engineering scale skid ¢ 3/31
5.0 Membrane module fabnication and QA/QC testing osu

M5.1  Sufficient modules fabricated for engineenng scale testing; QC/QC tests indicate =3,000 CO2 & 9/30
permeance achieved and CO2/N2 selectivity 2140 achieved for these modules

7.0 Testing site preparation GTIITC
M7.1 Complete site preparation at ITC & 9/30
8.0 Skid installation at testing site GTIITC.O05U
ME.1 Complete engineering skid installation at ITC & 9/30
9.0 Skid commissioning GTLITC,O5U
M9.1 Complete on-site system shake-down at ITC ¢ 12/31
10.0 Parametric testing GTLITC,05U

M10.1 Validate the achievement of 60-90% CO2 remaoval rate with 95% CO2 purity during parametnc & 6/30
testing; continuous steady-state operation conditions identified
11.0 Continuous steady-state operation GTLITC,05U

M11.1 Complete steady-state oparation for a minimum of two months; achieve a 60-90% CO2 & 33
removal rate with 95% CO2 purity
120 ldentification of commercial membrane manufacturer GTLOSU

M12.1 Commercial membrane manufacturer identified for the next phase 10 MWWe scale development & 331
13.0 Removal of the skid from testing site GTLITC
M13.1 Remove pilot-scale system and clean up the testing site @ 331

20
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Disclaimer

This presentation was prepared by GTl and OSU as an account of work sponsored by an agency of
the United States Government. Neither GTIl, OSU, 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 herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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