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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.
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PROJECT OVERVIEW
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Project Overview

OBJECTIVES

FEED study for DACU (DAC + Utilization)
Capture 5,000+ tonnes/yr net CO, from air
Utilize CO, in concrete and reduce cement
production emissions
Utilize waste heat from U. S. Steel in Gary, IN
Demonstrate potential for full CO, value
chain
Illustrate the project impacts job creation,
regional economic development,and
environmental justice
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OVERVIEW
TIMELINE
DOE: 53,459,554 F
Cost Share: $874,868 o4 o1 Q2

Work Period: 24 months
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Milestones Completed

T ILLINOIS

Budget Tashor . - e c Actual Completion s -
F Subtask Milestone Title & Description Planned Completion Date Verification Method
Period R Date
Number
11 Updated Project Manazement Plan 130,202 10430/2022 Deeliverabls toe NETL
12 Teachnolosy Matwmation Plan (TAME) 12/30,/2022 1273052022 Deeliverable to NETL
13 Initial Worldforee Readiness Plan O/30/2023 O/28/2023 Deeliverabla toNETL
13 Final Worlcfiore Eeadiness Plan 63002024 6202024 Dezliverable toNETL
20 Front-End Enginzering Design (FEEDY) Etudy 6/30/2024 3312004 Deeliverable toeNETL
. . . s s Indicated in MonthlvReport,
2.1 Project Desizn Basis Complatzd 12/29/2022 12/29/2022 Mw’:‘dw 9.-3&-'32 R
sams 24 e e Indicated in MonthlvFeport,
25 HAFOF Comgplated &/1/2023 B/25/2023 Deliversd by 9/30/2024
. . , [ Indicated in MonthlvReport,
26 Constructabality Reviar Complet= B30:2024 419202 Deliverad by 9/30/2024
30 Project Cost Asszssment 6/50/2024 6/20/2004 Dieliverable to WNETL
40 Toigaticsr A ialyst o €00 Trarmporficuito the 6/30/2024 6129/2024 Deliverable toNETL
Utilization 8ite
5.0 Businzss Caze Analvaiz(BCA) 6300202 6/25/2024 Deeliverable toNETL
6.0 Lifz Cyvele Analysis (LCA) 6/30/2024 6/20/2024 Deeliverable toeNETL
ironmentsl He 10 et (FHES)
70 Eniircrmnenis Realtigod Sabers (FEAS) 6/30/2024 6/28/2024 Deliverablz to METL
Analysis
5.0 Environmental Tustice Analvais 6300202 /292024 Deeliverable toNETL
el : ;i T .
a0 Economic R_.ﬂlzltza_mm a.nc..T{:.b Crzation 6/30/2024 678/2074 Delivarsble to NETL
Crsteomes Analvais
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Block Flow Diagram
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TECHNOLOGY BACKGROUND

- DAC
- UTILIZATION
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TECHNOLOGY BACKGROUND
- DIRECT AIR CAPTURE

CARBONCAPTURE INC.
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DAC Provider

@CarbonCaptu re”

What we do

We develop and deploy DAC machines.

Foundedin 2019
Basedin Los Angeles, team of 65+

Unveiled first DAC module this past June
capable of removing 500 tons/year CO2

Presold $27M in removal credits to top tier
customers Google, Microsoft, Facebook,
McKinsey, BCG, Stripe, H&M, JPMorgan

Chase, etc.

Raised over $90M in funding
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DAC Technology, DAC Plant Location & CO, Utilization Sites

Advantages:

* Modularity: modular, stackable components, capable of accepting

multiple types of solid sorbents \
* Go-to-market sorbent: amine in a hydrophobic structure
* Low temperature: relatively low desorption heat of 100°C ‘edar Rapids

* Site: centrally located in industrial area

Approx. location of the DAC Tie-in to Waste Heat
system @ Storage Tank Location

MICHIGAN

\Grand Rapids
ety

De
[ %]

: Ann .l\rbur:

: Toledo

lede

ILLINOIS ,  INDIANA !
Springfield Champaign :

(e} Coly

(&)
Indianapolis
Bloomington Cincénnati

S lmssin

0 Ozinga Plant Locations
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3-D Model of DAC Cluster
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Technology Development

*  1stcommercial scale reactor with structured
sorbent, Los Angeles, Single reactor (35
tons/year) — 2022

*  1stcommercial scale module with structured
sorbent, Los Angeles, Multi-reactor module
(500 tons/year) — 2024

+  Commercial pilot, Multi-module cluster
(2000 tons/year) — planned for
construction in 2025

+  Note: design influenced from FEED Study
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TECHNOLOGY BACKGROUND

- UTILIZATION

CARBONCURE
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CarbonCure Cement Carbonization Technology

Compressive strength (psi)
cCompressive strength (MPa)

Cantral

@ centrol+co, 70y 28 Day
@ Reduced Coment + CO,

Using CO2 reduces cement by 3+%

CarbonCure’s retrofitted equipment into concrete plants

Coarsd

Fil:;mn Aq:;;;h-‘!ﬁ Admiitunes OB
Ta']]n E IW q TX5 il m': oy
Summary of the Environmental Impact on 1 cubic meter of concrete. it sin: [iaame | e laciriciny oty
iy 15k 152 kg 179k O.008 KWh 096 KWh
Factor g C0z/m? concrete | . l l .
L} L L] L]

Emissions — COy from gas processing 49.4 Concrete faw Matnrials bl oo
Emissions — CO; from gas transport 6.1 I m;r:s.
Emissions — CO; from equipment production 0.1 P ol Uaid oy
Emissions — C0Oy from equipment transport 0.0 WAAL - an1g
Emissions — CO; from equipment operation 9.2 rirroincs il Bl by
Emissions — Avoided 005 from materials mransport 123.6 l II {
11:02&5: m_g_absmbed g’ 289.1 B e T e A
CO2ZAV: Avoided CO; emissions from cement 17584.8
Total CO, avoided and absorbed 17997 .4
CO2EM: Total CO2 produced 64.7 :
Net CO, reduction 17932.7 sl Combuanen Tamipert

Trwmiggn and Enengy ¢ and Enargy Tramaport Enargy

Loy Erriniisn Grey waber  Concrote Frmisvioms Emintian I mossians
NET‘ A0 g 00, 3,070 oD, 1184 L 1m? NHgl, 5 o0y 4%.4 g 00y

ZERO: Previous literature indicated significant CO2 reduction by curing concrete with captured CO2
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1T

THL

Orange: Supplied by CarbonCure
Black: Supplied by Concrete Producer
Grey: Supplied by CO, Supplier [0S Eﬁg %GN

unused

Reclaimed Water Technology
Approx.

3% concrete is

Reclaimers recover aggregates
and recover cementitious
slurry (Reclaimed Water)
Using this process reduces the

cement required by 3%.
The 2 processes are additive.

Legend

CO, Tank
Slped acconding bo anticipated O0yusage

Gas CO2 Transfer Line

CarbonCure Valve Box

Reclaimed Water Treatment

/. Sysham

1 Slwrry Pump

Slurry Infoed Pipe

Treated Slurry Return

Reclaimed Water Slurry Tank

@ Aggregate Reclaimer

®
@®

Reclaimed Aggregate

CarboenCure Control Box

Process Monitoring Sensors

Reclaimer Control Panel

Reclaimer Control Room



OSBL SYSTEMS
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Plant Layout

|I
AR LR A |

o

LEGEND

@ Carbon Capture Modules

A-—

i @ Waste Heat Recovery Unit

Ti B @ Electrical / Control Room Area
{ | ; @ Raw, Demin, Boiler feed water

- "%: N ...
S —— e ' . '
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i [=h @ Maintenance f Office Building
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Plant Buildings

T Existing LSS Building
4 - & .. - - I
3 Raw, Demin. water, : ; . 1 ]
3 Boiler Feedwater: 'EE I: i : oz CD'E"'IF"”?“'””’ ; 5;
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liquefaction

_Ir__ _________ - _T________:_T____-.________‘ I R

- : !m — =
! i o : ; #

— || & B Gyl pmee ERH AT
i i 1 e ] -4
| O E ! = _I___ -
I TR0 # : ‘ - L NN s el <4
: i | e g B &
---------------------- T 5 . i
I I I I I I "j ______ Maintenance

D Building

| Ealaoichtilt i T e T e i i |

b 1 L E@D oo

] | €02 Capture Module l | | 1 L

2 | .

i E @ ! O

iz Carbon Capture i

i E Aiea i Electrical / Control

i i Building

L || :

i | | [ I3

e s S e e T T S e T T i s S 2
=r ol T, W, B

iz

I iLLINﬂ!S ccmcm' ,"'-"_ s " N"HON-“' U8 DEPAATMENT OF
Prairie Research Institute P CARBONCURE mm-;‘q-'! tmsr SRR D V|SU ge T Mmisﬁ#ggr‘r °EHERGY eCOt k
boctetud '

HIEFLY BETTER CONCRETE



General Views

LEGEMD

@ Carbon Capture Modules

@ COZ Comp., Liquefaction

Raw, Demin., BFD, waste-
water

@ Electrical / Control Bidg.

® Power Transformers

@ Maintenance Bldg.
® WHRU

Lig. CO2 Storage Tanks
@ Lig. CO2 Loading
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General Views
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CO2 LOGISTIC ANALYSIS

- TRANSPORT
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CO, Logistics Analysis

\Wa ste Heat Energy

Captured 002

US Steel Plant, Gary, IN £l DAC Plant
*  Analyzed 3 Different Scenarios:- ” i s mﬂ{::i&m:l e
o Scenario 1: Central Buffer Storage at US Steel Plant + Foo % *"""
Trucking i LCO2 @ 300psi
o Scenario 2: Pipeline to Ozinga Central Storage @ "R N i
Gary + Trucking Feulg T
o Scenario 3: CO2 Barge to Ozinga Central Storage in P - g *; '''' {
Chicago + Trucking !’R ol
+ Scenario 1 was selected as the best option for this project, Al il SIAAN R Vi)
due to: " = d{ 7 DieselfCNG Trucks)
o Low annual CO, production Volume (~5,000 A % e
tonne/yr) Csiivesa Readyrin Bsclities
o 55+C0, Utilization sites spread across 3 states
o Lowest Levelized cost of transport (LCOT) =

: ILLINOIS ccmw 1 e 3 NAHONA.' 4 CEPARTMENT O
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Trucks and Storage Tanks

Bobtail truck wf MC331LC02 Tank

Ozinga CNG Trucks at Ozinga RNG Gas Hub Location

23
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CO, Logistics Analysis

*  Two strategies considered: '; ;i . MICHIGAN
o Investor owned & operated fleet of seven % b
class-6 CO, Trucks (diesel/CNG) skid-mounted ; Madison  Mil *€  Grand Rapids
with 3-ton MC-331 LCO, Tanks \ ¢ 2
o Using an existing 3rd party gas supplier in ‘ De
Chicago rs—::g.ion.as a TFEI'.IS;]DIT-;]EI!THE!’ (Food- ‘edar Rapids J nnnirborl
grade certification required) Toledo
* (0O, Storage: "
o 6-day buffer storage onsite at DAC plant facility 4
in US Steel, Gary
o 3-day buffer storage at a central Ozinga facility
in Chicago |
o Micro bulk LCO, storage tanks at each éki’;ﬁ' Schan.,':’pa-,gﬂ : INOIANA =
Utilization site b : o olt
: N\ Indianapoli
*  UNG Trucks increases LCOT by ~1-2% as compared to Btmﬂ:ﬂgﬂﬁ‘“ & Cincinnati
diesel trucks, but reduces GHG emissions significantly —nbia b ¥ o
4 1 Aniies
2] Q Ozinga Plant Locations
E 1 * U. S. Steel DAC Site Location
=i orage Tank Location
§ St Tank Locat
P
NET. o
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ECONOMIC ASSESSMENT
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CAPEX at System Level — DAC, Storage & Loading Terminal

CAPEX DISTRIBUTION @ SYSTEM LEVEL

| LIQUEFACTIONLIQUID COZ LODADING

DAC MODULES ESLANKD
i

I

G
\

hY

WASTE HEAT RECOVERY LIMIT

/|

H.tcl-!'. E OF PLANT
21%

u BALANCE OF PLANT ® WASTE HEAT RECOVERY LINIT = OAC MODLUILES ISLAND
® LIQUEFACTIONLIQUID CO2 LOADING m Addtiansl Labor Cadrs m S5ie Overhead Cost EAtimate
w Dither Construction lndirects = Project ndirect Cost Estimate u Peoject Contingency
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Process Equipment & COC Distribution

PROCESS EQUIPMENT COST

COC Distribution

Yariahle I'"I\’S‘.H

o

ogital  w Flaed Q&M = Var
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COMMUNITY BENEFITS
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Environmental Justice Analysis Task

* Objective: Analyze the impact of proposed Distribution
project on local communities and assess Py
potential distribution of Justice40 benefits / @\l
and disbenefits. = f"Ja\ A~
N _ Responsibility ~~"  \_ __ Recognition
* Assessment of communities potentially Fome, % E ;” e
: _ Gt \ Environ- "y
impacted from the proposed DACU project ( 25} ) mental | kg
was performed using the following mapping \_%:__, Tishica x_m?_d_,,/;
tools: H'\ - .
— ArcGIS Justiced0 Tracts map ( Y a. ;\\ ,f’f"‘“K“-\I
— Energy Justice Mappingtool \ g@" *'— J‘\( — )f
— Climate and EconomiclJustice Screening Capamhh,rﬁ_ﬁ hﬁ’articipation

Tool (CEJST)

Analysis highlights census tracts with higher disadvantaged community
profiles in the areas immediately adjacent to and surrounding project region

Generally, various mapping tools concur regarding Justice40 parameters.
»> Analysis highlights discrepancies across various tools, with CEJST being the

overarching tool for identifying disadvantaged communities
29
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Social Characterization of Justice40 Communities

EJ Characteristics Surrounding the Facility

* Identified disproportionally impacted communities
through Stakeholder Mapping.

Blue Shaded Regions=
Disadvantaged Communities

* Focus on Disadvantaged Communities near both Gary
Indiana U. S. Steel host site and Ozinga utilization sites in E.
Chicagoland region with given unique socioeconomic
and environmental challenges faced by these
populations.

* Tableserves as representative of varyingenvironmental
and socioeconomicimpacts on surrounding
communities.

El Profile of Surrounding Communities

Climate Hazards Less high
Loss of Life RMP lob school Low Income  Outage
Census Tracts  City DAC Water Discharge estimate Proximity =~ Access  Education Population Duration
2 18089011500 Gary 5.347520509 0.4134 _ 0.4355401
3 18089021800 Hammand _ 3050083174 043947 6 0.18703704 0.4664804
a 18089041700 Lake Station MT 44 50844801
5 18089042100 Hobart i _ 4495112663
6 17031820202  HodgkinsVillage 4 47545198 '
F) 17031838800 Chicago
8 18089040200 Whiting
g9 17043845803 Bridgeviewvillage
10 17031810200 Evanston 1543014316 45 79249006 1.08785
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Economic Revitalization and Job Creation Outcomes

e
ans*‘%"% Economiclmpact* % Tax Revenue* a

Coristriretinn >650 work-years >S100M >$12M
e
Operation > 2,800 wfork-yea rs ~51.6B >$100M
o (~25 direct FTEs created)
& Utilization

*Total Impacts = Direct + Indirect + Induced
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LESSONS LEARNED
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Lessons Learned

* Waste Heat Recovery:

Waste heat recovery is a viable solution to reduce overall energy needs. Challenges

include matching temperatures/flowrates and operating profiles with the DAC unit's
operation regime.

* CO, Transportation:

* Third-party transportation supplier could be a solution to reduce CAPEX associated with
CO, transport systems, provided that the CO, can be treated/certified to food-grade to

match trucking and storage specifications. However, food-grade CO, certification
requirements are costly.

Further exploration of industrial-grade CO2 transportation is necessary.

* Life Cycle Impacts:

* The overall largest contributor to the systems Global Warming Potential are emissions
associated with electricity, with CO, transportation being a nearly negligible contributor.
Cleaner sources of electricity have the largest impact on reducing overall GWP.

ZERO All GWP contributors are dwarfed by the CO2 avoid by reducing cement in concrete batch.
r

of EXCELLEMCE
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