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DE-FE0031950: Project Enterprise

• Overall Project Objective: 

– To field test an engineering scale 10 
tonnes per day (tpd) CO2 capture 
system on a 1 megawatt (MWe) 
slipstream flue gas from a commercially 
dispatched NGCC power plant to 
empirically validate the low capital and 
operating costs for ICE-31 

• Budget: 

– DOE-NETL: $13,000,000

– Cost Share: $3,906,839

• Period of Performance: 

– October 1, 2020 to July 30, 2024
Calpine’s Los Medanos Energy Center (LMEC)

Pittsburg, CA

© ION Clean Energy
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Project Enterprise Team
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Project Scope and Key Milestones

• Preliminary design, permit, and cost 

the pilot plant

• Finalize engineering, fabricate 

modules, and develop controls

• Build and install modules; Connect 

Balance of Plant; Commissioning

• Field-test MEA, ICE-21 and ICE-31 

with NGCC flue gas 

• Data evaluation and extensive 

reporting

# Milestone Title / Description
Planned 

Completion Date

Actual 

Completion Date

M2 Kickoff Meeting 12/04/2020 12/09/2020

M4 HAZOP Completed 3/10/2021 05/27/2021

M6 Modular Pilot System Fixed Cost 3/24/2021 06/18/21

M10
All Required Permit Documents 

Submitted
5/31/2021 4/29/2021

M12
Modular System 

Factory Acceptance Testing
11/3/2022

M14
Complete Pilot System 

Site Acceptance Testing
2/28/2023

M16 Baseline MEA and ICE21 Testing 06/30/2023

M17 ICE31 Testing 6/24/2024

M19 DOE Close-Out Meeting 9/15/2024

© ION CLEAN ENERGY
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ICE-31 SOLVENT TECHNOLOGY



6

C L E A N     E N E R G Y

ICE-31

Established Engineering Process

Basis of Performance

(compared to ICE-21)

• Lower energy consumption 

– Similar fast kinetics 

– Higher working capacity 

– Low heat capacity 

• Low corrosion 

• Revolutionary stability 

© ION CLEAN ENERGY
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ION’s CO2 Capture Technology Development – ICE-31
Development Path

National Carbon 

Capture Center

0.5 MWe
Coal & Natural Gas

Project Enterprise 

Engineering Scale 

10 tpd (~1 MWe)
Natural Gas

Bench-scale 

Pilot

Coal

Lab Development

Simulated Flue Gas

Commercial

Scale

- Feasibility
- FEED
- FE&P
- Commercial 

Operations

© ION CLEAN ENERGY
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RESULTS FROM NCCC
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ProTreat® Model Validation
Preliminary

© ION CLEAN ENERGY
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ICE-31 Transformational Stability
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Mass Balance =
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Water (Karl Fischer) 
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CURRENT PROGRESS
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Design Basis
PFD

© ION CLEAN ENERGY
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Modular Design

© ION CLEAN ENERGY
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Modular Design

© ION CLEAN ENERGY
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Site Plan – General Arrangement

© ION CLEAN ENERGY © ION CLEAN ENERGY
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Site Plan

© ION CLEAN ENERGY
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Permitting Status: End of BP1

• Bay Area Air Quality Management District (BAAQMD)
– Legal review of permit applications

– Completed & submitted BAAQMD application

– Provided update to BAAQMD application per request from permitting organization

• California Energy Commission (CEC)

– Drafted the CEC permit application

– Submitted the CEC permit application

18
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Safety Measures:

• All required daily operator actions (via filters, sensors, valves, etc.) 

were removed from upper levels and located only on the 1st two 

levels  

• A stair tower is utilized to access levels 1 – 5.  A ladder will be 

used only for access to the 6th level where no maintainable items 

exist

• The ladder to the 6th level features a fall-arrest system to ensure 

safe usage even though one is not required as it is below the 

OSHA & Cal / OSHA required length for a fall-arrest system

• A hoist will be located on the system to allow for 

equipment/supplies to be moved to all levels as needed.

19
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Safety Measures:

• Venting the scrubbed flue gas to a safe height, coupled with restricting 

access to the upper level

• Automated control system with visible/audible signals for high/low 

alarms; System shutdown triggered on high-high and low-low alarms

• CO2 Monitors on levels 1 and 2

• Mobile VOC monitors (for solvent leaks) stored on the ground level 

and carried by personnel to upper levels for work

• Combination safety shower / eye-wash station on the ground level with 

eye-wash stations on each upper level

• Guard rails with toe-boards around every module level edge & opening 

per OSHA & Cal / OSHA

20
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Safety Measures:

• Appropriately labeled piping

• Appropriate signage (chemical, steam, electrical)

• Fire extinguishers on every level

• Operator Training 

– Pre-Operations Materials:  Standard Operating Procedures, 

Theory of Operations document, SDS, Calpine’s (8x) established 

Safety/Operations documents

– On-site:  PPE, Review of documents and Qualification Exams, 

Cold-Flow Testing to simulate operations

21
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Current Project Findings & Next Steps
Budget Period 1 – Accomplishments

• Completed Preliminary Engineering Phase of BP1

– Final design is very similar to initial conceptual design 

• HAZOP completed in coordination with host site

• Fixed Cost provided for the Modular System

• No “showstoppers” in permitting 

– California permitting is among most stringent in the US 

– ION’s solvent and process mitigate hazardous emissions

© ION CLEAN ENERGY
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Current Project Status
Budget Period 2 – Accomplishments

• Modular System

– Modular system final design is completed

– Module fabricator selected

– Equipment, steel, materials, instruments 

received at module assembly shop

– Assembly of the modules is underway

– Control System is under development; 

FAT expected in November

• Balance of Plant

– Completed BOP final design packages

– Procurement of all hardware for BOP 

systems

– Selection of General Work Contractor and 

fixed price quote

– Plant Tie-in construction package; 

Contractor ready to execute

• Submittals to CEC Chief Building Official 
(CBO)

– 5 of 7 design packages submitted to the 

CBO have approval; remaining items are 

in process

© ION CLEAN ENERGY
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• Complete Module Assembly (~3 months)

• Mobilize GWC to prepare site to accept 

modules

• Execute the Plant Tie-in Package during 

the upcoming fall outage

• Complete Control Software; Factory 

Acceptance Testing 

• Prepare modules for shipment

• Ship modules to site

– Targeted for early December

• Install modular system (~3 months)

• Commission modules with KM support

– Wash and Rinse of the System

– Cold Flow Testing of the System

– Hot flow testing with MEA

• Operations

– Onboard and train operators

– Generate EH&S operations manual

– Finalize detailed test plan

– Delivery of solvents to site

© ION CLEAN ENERGY

Current Project Status
Budget Period 2 – Next Steps
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Disclaimer
“This presentation 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 inf ringe 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 aut hors expressed herein do not necessarily state or reflect those of the United 

States Government or any agency thereof.”
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Project Enterprise Team
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Project Schedule
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Project Schedule


