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CCS/ccuset i3 ?

CCS = Carbon dioxide Capture and Storage =— &1t ik =[N - BFEE (A7)
CCUS = Carbon dioxide Capture, Utilization and Storage =:@§TKW§E@HY - BxhA A - B (F)
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4 Steps of CCS
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CO, Capture, Utilization and Storage = CCUS
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Need 5,635 Mtpa
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Hi 88 Carbon Capture from Flue Gas and the Atmosphere: A Perspective. Frontiers in Energy Res., 2020 be : 4 Ut 3o

Carbon cost from : Review of Cryogenic Carbon Capture Innovations and Their Potential Applications. J. Carbon Res. 2021.
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Where can filtration and separation help you?
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LG Coalescer

= removal of
solids & Liquids

Pall Recommendation:
SepraSol /A7 Ly Y —

- Membrane Contactors: H, & CO, Membranes
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CO'2 Membrane Protection
Eromanga Basin, Qld, Australia

Membrane contactor is a device containing a ceramic or polymeric porous membrane in which the objective is to promote the contact between two phases (gaseous phase and liquid phase)
for the purpose of mass transfer between the phases, without dispersing one phaserintorthe-other:
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Gas Processing Stages
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Pall Recommendation: :ll‘: | LG Coalescer

SepraSol LG Coalescer = removal of

: solids & Liquids

Goals:
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HOTRE (Ghsgf) EE © <0.011 ppmw (LAS.E. test)
FRAIT 1 0.3 um @ 99.7 % (NaCl aerosol test)

H, Compressor, Qld, Australia



a7 L yHY— . Case Study

Pall Recommendation: :i] | ‘|[ - Coaleslcir
=removal o
SepraSol Plus LG Coalescer ] r solids & Liquids
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Molecular Sieve
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Molecular Sieve — Case Study
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Glycol Dehydration

Pall Recommendation: il - [
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Glycol Dehydration — Case Study
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Gas Processing Stages
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. Particulate
Pall Recommendation: filter
Coreless or MCC1401 Dust Filter = removal of
solids
B

HREHENL T T4~

H#Y:

1. FAEHECHET, 3Ly —2RETH-HIC, ILEX
T—ILXina ¥ DEFEZEY) a B Y Bk <

_—

G <

#600 Coreless Filter, UAE
MCC1401 style: Single open end with internal O-ring, Tin plated carbon steel core, stainless steel end cap 36” NB Pipeline, 700 M MSCfd, 6 MPaG

MMscfd: milliorystandard cubic feetper-day 1Z#EIREE (15.6°C. 1K E. KEKEM) TOHNRARE BAMAZ74— /B
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filter
= removal of

B ' solids
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Pall Recommendation:

Particulate
Coreless or MCC1401 Dust Filter [
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#2500 gas re-Injection filter
Bayu Undan Timor Sea
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md: millidarcy

The darcy is referenced to a mixture of unit systems. A medium with a permeability of 1 darcy permits a
flow of 1 cm,/s of a fluid with viscosity 1 cP (1 mPa-s) under a pressure gradient of 1 atm/cm acting across
an area of 1 cm?
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Pall Recommendation: . l ZCII I
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Ultipleat HighFlow filter with QOC
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QOC: Quick Opening Closure
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Case Study

Moom ba Carbon Ca pture & Seq uestration The Moomba CCS project will safely store 1.7 million tonnes of carbon dioxide per year in perpetuity. This represents a cut

of more than 7% to South Australia’s emissions, addressing the largest single point source of emissions in South
Australia.

Santos forecast a full lifecycle cost of less than US$24 per tonne of CO. Read more,

The project will capture carbon dioxide from the Moomba Cas Plant and deliver it via a new buried pipeline for injection
into depleted gas reservoirs, within the Della, Marabooka and Strzelecki fields for permanent storage. The project will
geo-sequester a significant stream of greenhouse gas and develop longer-term carbon capture and storage (CCS)
capabilities in the Cooper Basin.

The Moomba Gas Plant is located approximately 750 kilometres north of Adelaide in the remote region of the Strzelecki
desert. It currently has four CO; Removal Trains in operation provide a ready source of low pressure, water-saturated CO,
gas.

The new CCS facility will capture, dehydrate, and compress CO, frorm four CO, Removal Trains for delivery to various
Cooper Basin reservoirs. The CCS project will provide a future connection for a future tie in to a fifth CO; Removal Train.

Client: Location: FgA—X~Z U7
Santos Southern Australia . . . . .
A multistage centrifugal compressor will be used to compress the CO; prior to dehydration. Compressed, water-
Project Summary: saturated gas will enter a Tri-Ethylene Glycol (TEG) dehydration unit where water will be removed. The dehydrated CO.
. o — . ~ 2 A4 > will be returned to the same multistage centrifugal compressor and further compressed before being delivered to the
Benfield 7 At X1 =v bh oI n5c0, (BBMDKDZEL) &kt B en dietbotion et
/— ° o — < CEAN -
KL, MEL CiBERSCo, (densephase) & L. /XA 774> THixlL ¢
e -3 . S
ETE@E (2 /_AI_]\T %) (CCS) ° The CCS plant will be designed to process up to 84 MMscfd of dehydrated CO, with a facility discharge pressure of up to
14,600 kPag.
Overview: Scope of Work: The facility will then supply the dehydrated compressed CO, for supercritical dense phase pipeline transport to
- Industry leading CCS program . Detail Design Engineering sequestration facilities for injection into depleted Cooper Basin reservoirs.
- Benfield CO, capture - Technelogy Selection
* Centrifugal compression ’ Eqm?mem Specification This results in 1.7 million tonnes of CO, per year safely removed and injected.
- Heat Recovery Steam Generation - Facility Layout & Modeling
- TEG Dehydration - Key Engineering Drawings
- Dense phase CO:; transportation - HAZOP & Safety Workshops Equinex Engineering is providing the engineering design services and key expertise to support Santos Ltd and the
- Carbon Sequestration - CAPEX, OPEX Estimating Moomba CCS project - for the CO, capture, CO, compression and dehydration, the CO, pipeline and the CO,

seguestration.
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Case Study

Process information from datasheet 8532-050-DAS-0005, Rev 0.

! PROCESS OPERATING DATA

i REFERENCE PHASE DENSITY CAPACITY TEMPERATURE ('C)

} l';g;'rn'aL kg/hr Normal Maximum Minimum
] SUMMER-21 MMSCFD Dense 374-697 44,697 45 50 14

W WINTER-21 MMSCFD Dense 446-861 44,697 45 50 14

| SUMMER-40 MMSCFD Dense 374-697 85,137 45 50 14

i WINTER-40 MMSCFD Dense 446-861 85,137 45 50 14

MMscfd: million standard cubic feet per day 1Z#E{KF8 (15.6°C. 1K/E. KZEXEM) TOHRRE BBAMA 74— F/H

) CO,NEE
_ Flow Min m3/hr | Flow Max m3/hr S 1 1.977 kg/m3 (0 °C, 1 atm)

FRAK 1 1030 kg/m3 (-20 °C, 1.967 MPa)

Summer- 21 MMscfd 64.1 119.5 T o0 1000 K/ (311G, 7 - 80 MPa)
@ @ &1 ¢ 1566 kg/m3 (-80 °C)
Winter- 21 MMscfd 51.9 100.2 - we
10001
80C
Summer- 40 MMscfd 122.1 227.6 g
—ER— T bom) ©%1
Winter- 40 MMscfd 98.8 190.8 o B Co, 0w
00— éO 4IO éO E;O 100

[£7 (MPa)



CCS - &i=ECO, (Dense Phase) iFA

Case Study
CO, Injection for underground CO, storage - l Eﬁfetjcu'ate
CCS Project, Central Australia, - rermoval of
1.7 Mt/day CO, injection F_¥ solids

Operating Conditions:
iR BEESRCO, ( Dense Phase)
JiE: 51.9~227 m3/hr
B 374~861 kg/m?3
J£77: 8~13.5 MPaG
mE:14~40 °C
Mechanical Design:
ASME VIII, Div 1 with “U" stamp
=0EHE S /IBEE: 146 MPaG /70 °C
RETERIRRE: -45 °C
ME: Low Temp Carbon Steel
& 450mm NB Diameter x 2600mm long
7 4 L& —:3 X HFUGGOGFOIOH (1 um) x 4%
Award 2022 / Start Up 2024




CCS - Dense Phase CO, Injection- Case Study

. I Particulate
Pall Recommendation: - filter

HFU ( Dense Phase) = removal of

P F  solids

A B C D E F G H 1 ] K L M N 0 Summary
pog The phases are listed in order of interpreted concentration:
STATION BYPASS
Crystalline mineral phase Concentration (%)
Magnetite, syn (Fe304) FER{L8k (x /% & A }) 70
outY - Goethite, syn (FeO(OH)) F X KIER (F— & A ~=518k) 21
STATION Lepidocrocite, syn (FeO(OH)) 7 F I /KER{b#k (L EF 7 OY A b =Bi8kiH) 6
— Siderite (Mg0.35Fe0.65(C03)) > T 74 ~ (=Z%k) 4
16 |concentration: 0.0072 % vol Vol. Weighted Mean D[4,3]: 13.104 pm d(0.1): 0414  pm
17 |Obscuration: 2378 % Surface Weighted Mean D[3,2]: 1.052 pm d(0.5): 1.589 pm
g 18 |Weighted Residual: 1.645 % Specific Surface Area: 5.71 m¥ce P80: 19180 pm
STANDBY lg d(0.9): 43.34 pm
22
23 10 100
g; o | PRI © 13.1 um
4 _Erxis_:in-lg_!mers_:_ s . 26 - 8 1 10%*%?:% (DIO) 041 mm - 80 g
— W e o ar|| & 7 50%HIfE (Dsg) - 1.59 pm
4.* X i ) . - AL /- . £
Min. required changeout time: 7.5 hours ;g E 6 90%*11% (DSO) 1433 pm - 60 E
£ = s~z .
30 é 5 (BHEHZR 504 p rz
31 3 4 -40 E
32 > 1 G
' 1l 7 ° =
34 2 29 F20 2
35 1] ‘
o — o T, :
28 0.01 0.1 1 10 100 1000 10000
LY Ciza lim)

Report | Summary | Data | Transposed Data | Calculations ®



CCS - Dense Phase CO, Injection- Case Study

Particulate
filter

= removal of
solids

Pall Recommendation:
HFU ( Dense Phase)

#900 Coreless Filter, Central Australia
6” NB Pipeline, 40 t/hr (106 m3/hr)
Black Powder Removal

Black powder is a corrosive substance formed by the reaction of water, carbon dioxide, and sulfur-containing compounds with steel. This compound is a commonly occurring side effect of the transport
of oil and gas via steel pipelines. Black-powder typicalty-consists/of finé)¢ortaminants (1-10 microns) that can be easily dispersed throughout a pipeline network causing damage.
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Pall Corporation: a proven record of Innovation and
Technology Development — Let us partner with you to
optimize your process

Thank you for your attention.

ANY QUESTIONS?

Please write to

This presentation is the Confidential work product of Pall Corporation and no portion of this presentation may be
copied, published, performed, or redistributed without the express written authority of a Pall corporate officer.

© 2022 Pall Corporation
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