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Project Objective

Demonstrate the UK CO, capture process at
Nucor Steel Gallatin treating electric arc
furnace evolved gas with a CO,
concentration of ~1.5 vol%.

BP1
*Design

Contractor
selection

BP2

* Site Prep

* Module Erection
* Tie-in at Nucor

BP3

* Evaluation

e Data Analysis
* Reporting
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Project Team and Funding
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o Campaign

2 Nucor > HSA Start-up and Long Term Emerson/
& Commissioning Campaign < Cornerstone
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g Total: $4,999,965 $1,250,523 $6,250,488
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Background - Development

* <$5/kg chemical cost

* ~6400 experimental hours at bench and small pilot scales

* NG and coal flue gas evaluations

* 3-20 vol% CO, inlet concentration evaluations

« Modeled by small pilot experimentally verified Aspen Plus®
* Solvent regeneration energy as low as 1040 BTU/Ib CO,

* Make-up rate of 0.6 kg/tonne CO,

H3-1
Solvent
Campaign

CCSL
Solvent
Campaign

CAER
Solvent
Campaign

Process
odification

H3-1 Solvent Performance:
~27% reduction in solvent
regeneration energy, 35-45%
reduction in circulation rate,
low degradation compared to
30 wt% MEA

CCSL Solvent Performance:
~30% reduction in solvent
regeneration energy, 40%
reduction in circulation rate,
low degradation compared to
30 wt% MEA

e CAER Solvent
Performance: ~20%
reduction in solvent
regeneration energy, 30%
reduction in circulation rate,
low degradation compared
to 30 wt% MEA

e Solvent Cost <$5/kg
chemical

e Absorber Temperature
Control via discretized
packing

o In-situ liquid redistributor

e Solvent spray with <50 um
droplets leads to 2.6-
4.1X?increased CO2
absorption per unit volume

o Staged feed to Absorber
and Stripper

e Heat Integration with steam
cycle feedwater

¢ Solids circulation solvent
recovery system reduces
amine emissions by 50%
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* Low CO, concentration ~1.5 vol%
* Low SO
*Low H, nued®  Nlegg

Baghouse

/ Bulding Canopy \ B“Eh;we 1

/m\ e
anopy
Caster Canopy Spray;\.fent i3
[

Scrap |
Scrap
Flux Flux ALIPIM :
oy == |
EP 01-01 1 i ﬁw I
Twin-Shell ! ===
o o w [ o — | '

| EP 01-12 \ tMrl E EP 01-02 | ] = .
S o /N Flue Gas Conditions

i Stations
1

- eporo3 | Atnel /7 —— |Gas Component Value

. siag o LMEF i Caster Spray -
: w Ladlecar | ! i Wat;: ) L;fab‘ls-to | CO,. vol%| 0.5-1.5
i Il | -Line Tunne RT
--------------------------------- o | : 0. vol%| 19-20
Ladle moved by crane to LMF ! ) | Furnace -

I : H,0. vol% <5

! ! To B-Line =

I l-==# Continuous Caster SD:. pplll [’ 23-45

EP 20-03

NO;, ppm| 1.6-5.2
N,+Ar| Balance

Flowrate. ctm 1,000,000
Temperature, °F 80-100
Pressure. psi 14.6
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24 Technical Approach

5'3'31_ ompare » Capture with |—-__________
E. ¥ ° Process Simplified > Frodua tt%i){%tggwjge Sam E :
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Low L/G __________ E ('d_‘

* Specialized absorber packing 8
1 : ‘ WﬁTER ) gle\:\vearte‘xet:)r: H
* Auto-set points for input energy 0 e |
minimization Je C
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Lower specific reboiler duty via
split rich stripper feed
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Technical Approach
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Just-in-time ogtima_ | operation via feed-forward process control
strategy, collaborating with Emerson

ol

= : L Feed Forward Control
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Project Milestones
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Task Milestone Title/Description Completion

= Date

@ 1.0 |Project Kickoff Meeting Held 8/24/2022
o 1.2 |TMP Complete 8/24/2022
ED: 2 Host Site Agreement (HSA) Complete 10/24/2022
= 3 PDP Complete 10/24/2022
(? 3.2 | Boiler Procurement Decision Point Meeting 8/24/2022
8 3.6 | General Contractor Selected 4/24/2023
§" 4.1 | Nucor Site Prepared for Installation 6/24/2023
= 4.3 |CCSInstalled at Nucor 10/24/2023
8 5 | Test Plan Complete 10/24/2023
g' 6 Commissioning Complete 4/24/2024
) Parametric/Dynamic Campaign Complete (Demonstrate 95% CO, capture

g- 7 efficiency and CO, product stream purity of 295%; quantify absorber 9/24/2024
%J performance and reboiler duty)

g 8 Long-.tc.erm Campalgn Corr?plete (1000 h.o.u rs showing optimized process 12/24/2024
> conditions, dynamicstability and operability)

%‘ 9 TEA Complete 1/24/2025
= 10 |EH&S Complete 1/24/2025
3

:

=
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Project Success Criteria

Dea:s 'on Date Success Criteria
Point
1) Contract in place with engineering design firm for CCS
Completion reconfiguration and relocation
of BP1 4/24/2023 |2) Boilerspecified and procured
3) Contractin place with general contractor for relocation of CCS
Completion 4/24/2024 1) Commissioned CCSat Nucor Steel GallatinSite
of BP2 2) Acceptance of test plan
1) At least 2 months of engineering-scale testing campaign of three
transformational CO, capture technologies at the Nucor Steel
Gallatin Site.
2) Demonstrated 295% CO, capture efficiency

Project 4/24/2025 3) Demonstrated CO, product stream purity of 295%

Completion 4) Techno-economic analysis showing Cost of Capture and Cost of
CO, Avoided, calculated for gross CO, captured and net CO,
captured

5) Attainment of TRL 6 of the three proposed transformational CO,
capturetechnologies
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Progress: Relocation Activities

SuLRAUIUY
J0 939[[0D

BP1 Task Progress

2 | Host Site Agreement (HSA) Communication between UKand Nucor

Unit Reconfiguration and

; Relocation Planning
3.1 | Reconfiguration
3.1.1 | Absorber Internals Quote for CO, capture unit reconfiguration received
3.1.2 | Split Rich Stripper Feed from KMPS.
3.1.1 | Advanced Control Strategy Quote for BOP and bid package preparation received
3.1.4 | Process Simplification from B&M.

3.2 | Steam Generator Procurement
3.3 | Site Survey and Prep

3.6 | General Contractor Selection Initial meeting with UK Purchasing held.

3.7 | HAZOP

Capital Project request defined by UK is in the process
- Board of Trustee approval
- Establishing plant account
- Issuing RFP for engineering firm selection
- Solicit public bid for BOP preparation and module relocation
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ion at Nucor Steel Gallat

y Locat

3. College of

A Engineering

TJ

Institute for Decarbonization and Energy Advancement
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? P Module 6 : ] Amine Loop
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Cooling Tower
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Holding Tank Carbon Filter
Cooling Water
Circulation Primary
pump Stripper
Secondary Air
Cooling Tower Stripper
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Summary — Expected Output

* Firsthand experience and knowledge on low
concentration CO, capture — performance, solvent
management and dynamic operability

* Control strategy automatically maintains the target CO,
capture efficiency while continuously minimizing the
solvent regeneration energy.

* Full-scale deployment if the post-combustion CO,
capture is feasible and cost effective

13



Capture Process Simplification and Relocation
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Update: PFDs, P&IDs, utility summary, 3-D model, piping isometrics, BOM, piping support
details, heat tracing, stripper lead sheet for nozzle modification

Evaluate equipmentsizing: pumps, P&F heat exchangers, B-101 with new specification if
required

Specify: package cooling tower, air compressor, steam boiler,

Verify:in-line instrumentation for lower L, PSV relief scenarios

14
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Appendix: Gantt Chart

Task Marw faart Femr b 2 S

1. Project Mamagement and Plamning Moo 47521 Thu¥215 = [ Lol a L] || I

L. BAP Mon 42572 Tee 324712 (B

1.1 TP Mon 42522 Wed 224712 1

Badget Period 1 Mon 42572 Mon 424713 e

1. H5A Moo 1072422 [

1. Relocation of Enpineering Scale OC5 - Mo 4734773 ¥

3.1. Reconfipration Mon 477572 Moo 474713 [

3.1.1. Absorber Internals Mon 4775711 Wed 824712 1 1

3.1.2. Sphit Fich Siripper Feed Moo 475711 Wed 82472 [} 1

3.1.3. Advanced Contmal SiTategy M 47511 Wed 824711 L 1

3.1.4. Process ampliicabon Man 42521 Wed 8247110 L 1

3.1, Boaler M 47301 Wed 274711 ' 1

3.3, Sate Survey and Preparation Mon 47501 Moz 474713 '

1.4, Decomsmraction and Removal Planing Moo 472572 Moo 1073422 L

1.5, Skapping Prepanaton Moo 42572 Moo 1072422 '

3.6, (aneral Conmractor Selection Toe Mr2522 Mies 43423

3.7, HAZOP Evaluation Moo 8121 Wed830123 1

Badget Period 2 Tee 42513 Wed 4244

4, Conftraction Towa2523  Toe 12324 1

4.1, Foundadon Toe42573  Suédel3

4.2, Decommitsionny and Skippeng S @223 Tha 82423

4.3, Imralixcon FRglsl3 Tue 102423

4.4, Tie-ms Wed 1025723 Wed 124 M 1

5, Test Plan Toea2523 T 1029723

&, Suart-up and Comemissioning Tee22523 Wedalald !

6.1, Commisssaping Plan Toe42523  Toe 102423

6.2 Stan-up and Copmissioning Tha 12524 Wed424M i 1

Badzet Period 3 The 42574 Tha 424725 e ———

7. Parymeenic Dyvnamic Campaien Tha 42524 Toed2424 i i

7.1, Absarber Packing Performance Tha 4254 SmE2404 [ i

7.2, Reboder Specific Dury Sn B304  Tue 92424 i

%, Long-term Campaiz Wed 92534 Toe 1244 ]

%.1. System Dynamic Swbility and Operabiliry Wed 02574 T 102474 i

£.1. Rebatler Specific Drany Minimizatdon Fri 102524 Sum 1174724 (=]

%.3. Packing Operability under Cyelic Operaring Ervironment Mon 1172573 Toe 12724724 i

2. TEA Tha 42524 Th424235 B 1

8.1 Modeling T 4253 T 102424 [ 1

9.2, Equipment Sizing Fri 102524 Tuoe 12424 b

9.3 Analysiz Wed 122524 Mon 324725 I |

10 EH&S Risk Assescment Tha 425 Tha 42425 [ 1
16
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Appendix

Organizational Chart

DOE NETL

Kunlei Liu, Co-PlI

Heather Nikolic, Co-PI

Task 1: Project Management and Planning

Task 2: Host Site Agreement

| Task 3: Relocation of Engineering Scale CCS

4_
4_

Task 4: Construction

Task 5: Test Plan

L} Task 6: Start-up and Commissioning

Task 7: Parametric/Dynamic Campaign

Task 8: Long-term Campaign

A

L) Task 9: TEA

Task 10: EH&S
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