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Project Overview

* Award Name: Large Pilot Testing of the MTR Membrane Post-Combustion CO, Capture Process
(DE-FE0031587; FOA 1788)

Project Period (Phase ll): 9/1/19to5/31/21

Funding: $3.9 M DOE + $976 k cost share = $4.9 M total

DOE-NETL Project Manager: Sai Gallokota

Project Team: MTR (prime), Wyoming ITC/ Basin Electric (Host), Sargent & Lundy, Trimeric, Graycor

Overall Goal: Design, build, and operate a 140 TPD large pilot membrane capture system.

Phase | Phase Il Phase Il
* Feasibility
. . * FEED . ild i
. Site selection . Permi?ci?:y Build, install, operate, and
«  Createteam g den]rclonstrate prczlcesst
performance and costs
Eemaleis (Underway)
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Phase Il Roles and Responsibilities

* Phase Il award: $3.9 million / September 1, 2019 — May 31, 2021

Wyoming ITC, Basin Electric: Host site and test facility location

MTR (prime): Technology supplier. Engineering design for membrane
system including vacuum and compression equipment selection

Trimeric: Engineering design for the flue gas pretreatment, DCC and
final CO, purification unit, compression equipment selection

Sargent & Lundy: All site work analysis, permitting, and FEED study lead

Graycor: Phase lll site works-installation

MIT R
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MTR’s CO, Capture Process Design

CO,- depleted

flue gas §§

I Primary CO, I
| capture step |
| @ | co, co, |
7\ > %
Flue gas
. I Blower \ l
I |
~ I 48.3% CO, |
_z | Vacuum |
y Boiler pamp
| l< co, co, = I
Air | “:f“# I Inerts recycle |
Coal | or vent
Toed | Vacuum | !
pump ] )
I I @—> co, I
m—m_—————= Compressor condensation
| column I
140 ton/day ~10 MW, I I
70% CO, capture rate 1 Liquid CO, 1
l l

for sequestration
__________ MIT R

380 Ph2 Integrated Rev Aug2020



MTR’s CO, Capture Development Timeline .

APS Cholla Demo Full Scale FEED

B&W Integrated

o (NT0005312) M (FE0031846)
Feasibility Study «First Polaris coal flue gas test ( .) « Retrofit study for Dry Fork Station
(NT43085) <1TPD CO; captured (50kW e) Low Pressure Mega Module *Integrated operation of 1 MWe - Partial capture conditions
*Sweep concept proposed (FE0007553) system with BEW's0.6MWe « Coordination with CarbonSAFE
«Polaris membrane conceived «Design/build 500 m2 module coal-fired boiler

10 MWe Large Pilot

(FE0031587)
» Phase Il — FEED Study, Permitting
| « Phase Il -- construction/operation
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Wyoming Integrated Test Center at
Basin Electric’s Dry Fork Station

* WITC Large Test Bay has power,
utilities and flue gas connectionsin
place

* DFSis a new, modern power plant
with full environmental controls

» Test center can supply 20+ MW, of
gas

* Immediately adjacentto the WY
CarbonSAFE project (FE-FE0031624)

Dry Fork Station

e Six miles from Denbury’s Greencore
WYOMING . .
E ITc INTEGRATED C02 plpellne
TEST CENTER
M
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—— Large Pilot Uses Plate-and-Frame Membrane Modules —
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—— New Integrated Planar Membrane Modules Reduce
Cost and Increase Packing Density

PERMEATE 1

PERMEATE 2

RESIDUE

New module design
will be tested at TCM
under DOE FE-0031591
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— Membrane Modules Packaged into a Containerized Skid

 Eight modules per stack
* Six stacks per container

 Large pilot will use six
containers
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Preliminary Arrangement of the Membrane Section
(Phase | Feasibility Study)
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— The 10 MWe Large Pilot System Will Test of the Complete Capture Process —
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General Arrangement — Large Test Bay South
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System Cost Comparison

100%

W CapEx = OpkEx

61%

Capture Cost
(S/tonne)

Pilot Unit Full-Scale
DE-FE0031846

Improvements moving from Large Pilotto Full-Scale:
* Rotating equipment — 45% lower CapEx for larger scale equipment
* Membrane — 50% cost reduction through higher volume manufacturing M[T|R
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Status of FEED Study Elements

Membrane Technology and Research, Inc.

‘Wyoming Integrated Test Center
MER L
Membrane Technology & Research
New Source Review Permit
DR FORK STATION UNIT 1 Application
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Design basis developed Permit application prepared
for Wyoming Department of
Environmental Quality

14

Large Pilot control system
developed

Electricalload list and single
line diagrams developed

MIT R
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Development of Piping and Instrument Diagrams

Sargert & Lundy

MEMBRANE
TECHOL0GY § RESEARGH

15

3] = =

*P&ID drawings produced for
the Large Pilot

*Line sizing, MOC, valving,
sensors and controls selected.

MIT R
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Remaining Phase Il Activities

e Develop construction schedule and update the
construction/installation budget and plan

e Complete BOP design drawings (foundations,
ductwork, pipe racks, electrical controls, etc.)

* Prepare GWC specification package

* Complete technoeconomic assessments
* Receive permit from Wyoming DEQ

* Conduct HAZOP

* Complete Phase lll continuation application

MIT R
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Summary

MTR’s 10 MWe Large Pilot will demonstrate all aspects of the
CO, capture plant

System uses MTR’s improved low-cost plate-and-frame
membrane module

FEED study elements are progressing on schedule

The assembled project team is experienced and capable of
executing the Phase Il project plan

Completion of this project will bring the technology to TRL-7

M MIT R
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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.

MITR MR

380 Ph2 Integrated Rev Aug2020




19

APPENDIX
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The Project Team

DOE Office of Fossil Energy
Program Management
Sai Gallokota

Membrane Technology & Research, Inc.
Co-Principal Investigators:
Richard Baker, Project Coordination
Brice Freeman, DOE and Team Coordination

The Project Team - Phase I

WITC / Basin Electric
Host Site

Will Morris, WITC
- All test site issues

John Jacobs, Basin
- All power plantissues

MTR
Technology Supplier

Thomas Hofmann
Erik Westling

Engineering Design:
- Membrane system
- Permeate compression

Trimeric
Engineer

Ray McKaskle

Engineering Design:
- Direct Contact Cooler

- CO2 Purification Unit

Sargent& Lundy
EPCM

Dana Pierik / Holly Hills

FEED and Permitting Lead:

- Construction planning
- Scheduling

- Utilities & power
- Process control

- Permitting

MIT R
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Project Schedule 1/2

MTR Large Pilot Carbon Capture FEED Study
AL — .
Aty 1D | Adkviy Name On| St Fnsn [ LRI (218 i3 Lelige] ara T 218
Dur I Sep od Nov Dec Jan Feb Mar Apr May Jun Jur Aug Sep od NV Dec Feb War T
= 3 2 T T 2 3 ) 5 3 T 8 Bl 0 i 2 i3 5 (16
MTR Large Pilot Carbon Capture FEED Study R Large Filet Carbon 4
Milestones 2p-Dec-20, Ml
0000  ProjectAward ] 30-Aug-19A | < ProjectAwiard
1000 Project Kickoff Meeting 0 24-Sep-19 ¢ Project Kickgff Meeting
1100 Project Management Plan Update 0 : 20-Sep-19A © Project M PlaniUpdate
1210 NETL Quarterly Report- 2019: Sept- Dec 0 30-Jan-20A NETL Quarterly Report- 2019: Sept- Dec
1220 NETL Quarterly Report - 2020: Jan - Mar 0 30-Apr-20A NETL Quarterly Repoiit- 2020: Jah|- Mar
1230 NETL Quarterty Report - 2020: Apr - Jun o 03-Aug-20° NETL Quarterly Repart - 2020: Apr - Jun
1240 NETL Quarterly Report - Final 0 30-Sep-20" NETL Quaterly Report - Final
1300 Final NEPA Documentation (Environmental Que [} 15-Dec-20 < Final NEPA D Ei
1310 Equi List/ Vendor Soli Assi. 0 11-Dec-19A = t List/ Vendor Assignment Meeting
1400  Phase 3 Cost Share Commitment o 15-Dec-20 © Phate 3 Cost Share Comm|tment
1500 Updated TEA 0 15-Dec-20 ¢ Updated TEA
1600  Final FEED Study to MTR/DOE 0 15-Dec-20" < Fina} FEED Study to MTR/DIOE
1700 Phase 3 Gontinuation Application o 22-Dec-20" < Phase 3
Process Design (MTR & Trimeric) 2§-8ep-20, Process Design (MTR & Tiimeric)
2050  Receive Flue Gas Flowrate from [TC 1 09-Oct-19A 09-Oct-19A | Receive Flue Gas Flowrate from TG
2100  Process Flow Diagram - Inifial 20 09-Oct-19A 08-Nov-19A I Process$ Flow Diagram - Initial
2200  Mass Balance - Intial 20 09-Oct-19A 08-Nov-19A I Nlass Balance - Intigl
2205  Mass Balance - Final 15 10-Aug-20  28-Aug-20 C—1 iMass Balance - Final
2300  Utility Requirements 20 03-Dec-19  10-Aug-20 " Utlity i
2400  Process Equipment List 30 03-Dec18 07-Aug-20 ] Procest E List
2405 Solicit Process Equipment Vendor Quotes 85 11-Dec-13 07-Aug-20 1 Solicit Brocess Ex Vendor Quotes
2408 Direct Contact Cooler 30 03-Feb20 25-Mar-20A NN, Direct Contdct Cooler
2407 MEMC Heaters 20 037}\[}!725 23-Apr-20A I MEMC Heaters
2408 Flue Gas Booster Fan 25 11-Mar20 22-May-20A Flue Gas Bodster Fan
2409  MEMA Permeate Turbofan 21 20-Mar20 21-Jul-20A MA Permeate Turbofa
2410  MEMA Pemmeate Compressors 30 oarAprrzf) 21-Jul-20A IMA Permedte Compredsors
2415 MEMB Screw Compressor 30 27-Apr20 07-Aug-20 ] MEMB Screw C
2420  GPU Package: DHY, CPU, RFG & CO2 Product 38 25'Marr2t:) 17-Jul-20A Package: {DHY, CPU, RFG & CO2 Product Co
2425  Heat Exchangers & Knockout Drums 20 01-Jul-20A  07-Aug-20 Heat Ejchangers & Knockout Drums
2500  Process Equipment Sizing / Dimensions 30 17-Feb-20 07-Aug-20 ] Process E Sizing/ D
2600  Process EquipmentLoad List - Initial 20 10-Dec-19 10-Feb-20A I Process Equipment Load List:- Initial
2605  Process Equipment Load List - Final 10 Z&Marrz(:) 07-Aug-20 1 Process E Load List- Final
2700 Process Equipment System Description 30 10-Aug-20  21-Sep-20 C—— 1 Process E System D
2800 Process Equipment Capital Cost Inputs 30 25-Mar-20 07-Aug-20 1 Process E Capital Cost Inputs
Balance of Plant Design . 19!0ct-20, Balince of Plarit Design
3010  Project Design Criteria - Inifial 20 30-Oct-19A 19-Dec-19A Prdject DesigniCriteria - Injtial
3015  Process Design Griteria - Final 15 24-Aug-20  14-Sep-20 [=——1 Prodess Design Criteria - Firlal
3020  Overall Equipment List- Inifial 20 01-Nov-19 08-Nov-19A Em Overal| E ist- Initial
3025  Overall Equipment List- Final 10 17-Aug-20  31-Aug-20 =3 Overall Equipment List - Final
3030  Process Hazard Analysis (HAZOP) Report 10 11-Sep-20  24-Sep-20 = Process Hazard Analysis (HAZOP) Report
3040 Solicit BOP Vendor Quotes 60 03-Jan-20 31-Aug-20 Solicit BOP Vendor Quotes
3041 Gooling Tower 30 18-Mar-20 06-May-20 A I Ccoling! Tower ‘
3042 AirCompressor 15 06-Jul-20A 17-Aug-20 — Air
3043 FRPpiping 20 18-Mar20 12-Jun-20A FRP piping ‘
3044  Pre-engineered Building 20 25-May-20 28-Aug-20 1 1P Buildin
3045  NaOH Totes - forDCC 20 16-Mar-20 09-Apr-20 A iTotes - for DICG ‘
3046  WaterWastewater Tanks/'Sump Design 20 30—Apr-2(:> 10-Aug-20 i 1 Design
3047  Wastewater Processing/Design - Report 20 30-Apr-20  10-Aug-20 — P g/Desigh - Report
3100  Plot Plan & General Amangement- Initial 20 USVJanr2(:> 14-Apr-20A Plan & Gendral Arrangament - Initial!
3105  Plot Plan & General Amangement- Final 15 30-Jul-20A  27-Aug-20 J,:I Plot Plan &General Arrangement - Final RugZOZO



Project Schedule 2/2

MTR Large Pilot Carbon Capture FEED Study
T .
[Actvity 1D Activity Name Of| St Finish [PIiE) T T Tr D L] ar e (LI}
‘ Dur Sep O Tov Dec Jan Feb War Apr Way Jur Aug Sep Od Nov Dec Jan Feb War i
= 3 2 & 1 z 3 4 5 7 ] ] 10 i} 2 13 4 15 |1
3110 Overall Process Flow Diagram - Initial 20 03-Dec-19 18-Dec-19A EEE Overall Process Flow Diagram - Initial
3115 Overall Process Flow Diagram - Final 10 20-Jul-20A 11-Aug-20 W1 Overall Process How Diagrani - Final
3120 Overall Mass & Water Balances - Initial 20 03-Jan-20 30-Jan-20A Overall Mass & Water - Initial
3125 Overall Mass & Water Balances - Final 10 08-Jul-20A  31-Aug-20 Overall Mss & Water Balances - Ginal & & & -
3130 Process & Instrumentation Diagrams - Initial 30 09-Mar-20 01-May-20A I Process & Instrumentation Diagrahjs - Initial
3135  Process & Instrumentation Diagrams - Final 20 21-Jul20A 31-Aug-20 Process & Instr tion Diagragns - Final
3140  Piping Design Tables 30 09-Mar-20 01-May-20A Piping Dekign Tables!
3200  Elecirical Single Lines - Initial 20 13-Apr-20 20-May-20A Electrical Single Lines - Initjal
3205  Electrical Single Lines - Final 5 31-Aug-20- 04-Sep-20 [@ Electricgl Single Lings - Final
3210 Electrical Load List - Initial 10 ZsMarVZE 14-Apr-20 A I Elecirical Load List - Initial ‘
3215 Electrical Load List- Final 5 26Aug20 31-Aug20 | | i | | | | | | | = Electical j-oad List - nal ! | i i i
3300  Ductwork & Support Steel Drawings 25 23-Jul20A  27-Aug-20 | : : : : : : : : Ductwork &S Sterel Drawingg | : : :
3310  Foundation Drawings 30 23-Jul-20A 02-Sep-20 . Foundatipn Drawing
3320  Building Drawings 15 07-Jul-20A  28-Aug-20 1 | Building Diawings
3400 Control Description - Initial 20 01-Jun-20 27-Jul-20A ontrol Desg! - Intial
3405 Control Description - Final 10 25—599—20- 08-Oct-20 [E Controk Descriptiori - Final
3410  Control Diagram - Initial 10 27-Mar-20 20-May-20A NN Control Diagram - Initial
3415 Control Diagram - Final 10 2575e;y2[|> 08-Oct-20 ==2 Controk Diagram - Einal
LSS ) 2R 19i0ct20, Technical Spediications : & =
3500 Cable Bus- Issue for Review 5 07-Aug-20 13-Aug-20 O Cable Bus - Issu¢ for Review.
3505 Gable Bus- MTR Review & Final Issue 10 14-Aug-20  27-Aug-20 [ (Cable Bus { MTR Review & Final Issue
3510 MV Transformer - Issue for Review 15 30-Jul-20A  14-Aug-20 1 MV Transtormer ¢ lssue for Réview
3515 MV Tansformer - MTR Review & Final Issue 10 14-Aug-20  27-Aug-20 [ MV Tmnstormer - MTR Review & Final lssue
3520  Electrical Equipment - Issue for Review 20 02Jun-20 10-Aug-20 Electrigal Equipmant - [ssue fof Review 1T -
3525  Electrical Equipment - MTR Review & Final Issue 20 |0—Aug-20‘ 04-Sep-20 1 Eleciricdl Equipmeni- MTR Review & Final Issue
3530 Gontrols Integration - Issue for Review 15 27-Jul-20A  18-Aug-20 Gontrals Integration - Issue for Review
3535  Controls Integration - MTR Review 10 18-Aug20 01-Sep20 : =] Controls lntsgration - MTR Revie
3536  Confrols Integration - Issue for Bid & Final Issue 10 18-Aug-20 01-Sep-20 1 ] Controls fitegration - |ssue for Bi e for FEED Report
3550 GWG Contractor - Issue for Review 30 10-Aug-20  21-Sep-20 i EE——————7 GWC Contragtor - Issue'fgr R
3555  GWG Contractor - MTR Review & Final Issue 20 22-8ep20  19-Oct20 | : ————1 GWG Conracipr - MTR Reliew & Finajlssue
Cost Evaluation : H H ; H H : : : : ¢ =¥ 09-Noj-20, Gost Eyaluation ! :
4000 Cost Estimate Inputs 20 31-Aug-20 28-Sep-20 ‘ ' ' ‘ ' ' ‘ ‘ ‘ ‘ I:I Cost Estimate Inputs : ' '
4100 Capital Cost Estimate 20 20-Sep20 280ck20 | | i i ; i i i | ; : ; L= Capital Cos}Estimats | i i
4200  O&M Cost Esimate 10 13-0ct20  28-Oct-20 1 D&M Cost Bsimate
4300 Cost of Capture 10 27-Oct-20  08-Nov-20 L= Costof Caplure
Permitting v v N: 0, Permitfing
5000  Review Phase 1 ENV 20 09-Oct-19A 30-Oct-19A BN Review Phase 1 EIV
5100 Environmental Questionnaire 30 05-May-20 10-Jul-20A E I Qu
5200  Emissions Caloulations 80 02Mar20 27-Jul20A missions Galeulations! | & TR -
5300  Permit Matrix 42 16-Mar20 16-Apr-20 A N Permit Matrix
5310 DraftAir Construction Permit Application 130 01-Jan-20 31-Jul-20A DraftAir Gpnsiruction Permit Appligation
5311 MTR Review of Permit Application 10 uarAugrzb 14-Aug-20 [ MTR:Review of FermitApplication
5315 WY DEQAgency Review (90 calendar days) 80 |77Au9720; 09-Nov-20 [ 1 WY DEQAgency Review (30 calendar days)
Phase 3 Project Schedule " ey 00 No-20, Phase 3 Project Scheduie | "
5000  Phase 3 Schedule 30 29-Sep20  09-Nov-20 === Phasel2 Schedule
FEED Study Report P —— 2. Dec-20, FEED Study Report
7000  Draft FEED Study Report 40 21-Sep20 13-Nov-20" [=—————— DrahiFEED Study} Report
7100 Continuation Application for Phase 3 60 28-Sep-20 22-Dec-20 '%._‘ Chontinuation Phase 3
7200  FEED Study Team Review 15 16-Nov-20  08-Dec-20 ] i == FEEDSudy Team Heview |
7300 Final FEED Study Report 5 09-Dec-20 15-Dec-20 H H { 3 Fina] FEED Study Report \gzozo




Changes from Phase | to Phase I

* Phasel - 200 tonne/day CO, @ 60% capture

* Phase Il - Available flue gas from WITC was
reduced, so now 140 tonne/day CO, @ 70%
capture

* Rotating equipment and membrane resized to
reflect the new conditions

MIT R
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