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DE-FE0031727: Apollo project ION

CLEAN ENERGY

* Overall Project Objective:
Scaling up a novel amine-based solvent technology with revolutionary
stability and excellent CO, capture performance from a small-scale
(~0.03 MWe) to a ~0.5 MWe scale using real flue gas

* Budget:
— DOE-NETL: $2,999,998
— ION and partners: $750,000

 Period of Performance:
— June 18, 2019 to May 31st, 2021

Pilot Slipstream Test Unit (0.5 MWe)
National Carbon Capture Center (NCCC)
Wilsonville, AL (Courtesy of NCCC)



ION’s CO, Capture Technology Development /ICE-21  |ON

Accelerated development path leveraging existing research facilities

LN
2018 - 2021

ION Engineering Univ. of N. Dakota National Carbon Design & Costing
Lab-pilot EERC Capture Center Commercial Retrofit

0.003 MWe 0.05 MWe 0.5 MWe 300 + 700 MWe
Boulder, CO, USA Grand Forks, ND, USA Wilsonville, AL, USA Sutherland, NE, USA




Technology Background ION
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Sticky Note
There was an animation on this slide of the PPT. The tiny colored dots moved in the direction already shown by the arrows in the diagram. It didn't seem to add any information that isn't already shown by the diagram, so I didn't try and capture it.


Technical Objectives — NCCC/PSTU ION

CLEAN ENERGY

« Parametric testing: determine operating window and validate ProTreat® model
« Long-term operation to demonstrate stability of ICE-31

« Dynamic operations to determine maximum ramp-rates, minimize energy
consumption and emissions

« Upsets to determine process and solvent stability:
— Increased O, concentration
— Increased stripper temperature
— Unplanned FGD outage
— Unplanned DCC outage



COVID-19 Related Project Delays ION

CLEAN ENERGY

« PSTU Testing was slated to begin in Q2 2020; COVID related delays impacted site
access for NCCC

« |ON and NCCC are in constant communication to determine revised schedule for
PSTU modifications and test campaign

Alabama Covid Map and Case Count Colorado Covid Map and Case Count

By The New York Times Updated September 15, 2020, 12:25 PM. E.T. By The New York Times Updated September 15, 2020, 12:25 RM. E.T.

ncludes

es cases
for unspecifed New
days

TOTAL REPORTED ON SEPT. 14 14-DAY CHANGE TOTAL REPORTED ON SEPT. 14 14-DAY CHANGE
Cases 140,160 704 -31% ., Cases 62,032 391 +5% —r
Deaths 2,387 4  -50%~ Deaths 2,000 6 -37%"

Day with data reporting anomaly. Day with data reporting anomaly
Includes confirmed and probable cases where available. 14-day change Includes col d and probable cases where available. 14-day change

trends use 7-day averages. trends use
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PRELIMINARY RESULTS



Lab-based Results: CO, Capture Test-rig (3=8") Operation |ON

CLEAN ENERGY
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Lab-based Results: Oxidative Loss ION

Bulk at 80°C; 10% CO,/ 19% O,; Analyses: GC, GC-MS, TIC, KF
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Lab-based Results: Oxidative Loss |ON
Bulk at 80°C; 10%C0,/ 19% O,; Analyses: GC, GC-MS, TIC, KF
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Other Project Progress / Results JON

CLEAN ENERGY

« B-version of ProTreat® developed
based on lab-data for ICE-31

« Test plan developed and agreed
between ION and NCCC
addressing all objectives

* Cold-rich bypass modification
currently being installed

« Solvent has been procured
 MLA library developed




PSTU Campaign Test Plan ION

EEEEEEEEEEE

* QOperation
— Commissioning
— Parametric testing to determine optimal operating window
— Long-term testing
— Upsets testing
« Sampling & analysis plan
« Travel plan — remote operations
(3 options)



Outlook for 2021 JON

EEEEEEEEEEE

« Execute ION’s campaign test plan at NCCC’s PSTU with ICE-31
« Analysis and data evaluation

 Decommissioning

* Process model validation

« Techno-Economic Analysis (TEA)
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Appendix ION

Organization Chart

ION Engineering

(Lead Institution)

Management of scope, schedule and budget of overall project
Laboratory work fo support solvent property information development

Develop test plan for 0.6 MWe demonstration

Supervise NCCC in daily execution of test plan

Analysis of all campaign and laboratory data

Complete DOE Deliverables: TEA, Technology Gap Analysis, EH&S Risk Assessment,
Technology Maturation Plan, and all other required reporting

National Carbon Capture Center (NCCC)

Commonwealth Scientific & Industrial Research Host Site
Organisation (CSIRO) —
Subawardee + Host site of 0.6 MWe PCC test facility

) « Preparation of PSTU for test campaign

« Laboratory work complementary to ION in support of + Support for test plan development & execution
solvent property information development + Daily execution of test plan

* Support for ION’s test plan development through testing
with simulated gas

+ Lab analysis support during test campaign & breakdown Sargent & Lundy (S&L)

product analysis at conclusion of campaign Subcontractor
+ Techno-economic Analysis Development

Hellman & Associates

Optimized Gas Treating (OGT) Subcontractor
Subcontractor * EHE&S Support for test campaign
= Module development for ProTreat® simulation software » EH&S Risk Assessment




Project Schedule — September 2020 update |ON

To be updated once campaign starts

Budget Period 1

Apollo Proje edule 1234567891011 12013[14]15]16]|17]18|19]20]21][22][23] 24
Jun-191 Jul-19 | Aug-19] Sep-19| Oct-19 | Nov-19| Dec-19| Jan-20 | Feb-20 | Mar-20 | Apr-20 | May-20 J Oct-20 | Nov-20 | Dec-20 | Jan-21] Feb-21] Mar-21| Apr-21 | May-21] Jun-21] Jul-21 | Aug-21| Sep-21
Task 1 Project Management M2 M3 M1 M5 M4| M6-8, 1 M9-11| M13-17|

Task 2 Laboratory Scale Evaluations
2.1 Lab-work for ICE-31 Properties
2.2 Develop ICE-31 Process Model in ProTreat®
2.3 Thermal and Oxidative Stability Study
2.4 Process Development Facility (PDF) Operation

Task 3 Host Site Preparation and Test Plan Development

3.1 Develop Campaign Test Plan
3.2 Campaign related Environment, Health, and Safety (EH&S)
3.3 Host Site Preparation
Task 4 Field Testing at 0.6 MWe PCC Plant
4.1 0.6 MWe PCC Operation Phase |
4.2 Analysis and Phase | Data Evaluation
4.3 0.6 MWe PCC Operation Phase I
4.4 Data Evaluation

4.4 Decommissioning

Task 5 Analytical Reporting for DOE Metrics
5.1 Process Model Validation
5.2 Techno-economic Analysis (TEA)
5.3 State Point Data Table
5.4 Technology Gap Analysis

5.5 Environmental Health and Safety Risk Assessment
5.6 Technology Maturation Plan
5.7 Final Reporting
Overall Ta Tentative Schedule due to COVID-19 Delay
bta Subtask at Beginning & end of Project
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