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Snapshot: CCS in Australia

Australia’s operational CCS project and developing offshore CCS projects
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Australia’s basins ranked for CO, storage potential (National Carbon Mapping : 3
and Infrastructure Plan, 2009, Figure 18)
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Australian context

International Agreements

* The London Protocol
ENVIRONMENT PROTECTION
. " (SEA DUMPING)
National Law £ oo camon ACT 1981
. . ] £ LONDON PROTOCOL

* Environment Protection (Sea Dumping) R LA

Act 1981 I 3
* Environment Protection and Biodiversity

Conservation Act 1999 fm b
* Offshore Petroleum and Greenhouse

Gas Storage Act 2006
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National Action List (NAL) requirements

‘ London Protocol ‘

2012 Specific | ~~

Guidelines

Requirements

2006 Risk Assessment
and Management
Framework

i Development

Commonwealth Scientific and
Industrial Research
Organisation (CSIRO)

v
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Australia’s National Action List

Interim NAL for CCS

* sets out a list of specified substances for which Interim National Action List

the waste would need to be screened for offshore carbon dioxide
sequestration

* sets an upper-limit threshold for each substance Department website

* is available on our department’s website
www.dcceew.gov.au

NAL for CCS

may specify a lower-level substance
concentration, below which there is little
concern

e consider more types of capture scenarios

Cover — Interim National Action List for offshore

carbon dioxide sequestration
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Carbon Capture and Storage Value Chain

CO, Stream capture, CO, Stream booster Offshore CO, stream
compression/pump compressor injection platform
& conditioning compression/pump

SR || P ——

Power -
Generation a"ﬁwﬁﬁ =
Industrial
CO, sources

Geological storage

Hydrogen
generation J

Biomass
conversion €O,

Liquification Shipping
osjektlab & Bellona. (Shao & Stangeland 2009)
Traditional CCS concept Current concepts
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Defining upper-limits for the Interim NAL

Tracking CO, and Incidental Associated
Substances through the value chain

Benchmarking against ISO transport
standards and CCS project CO,
specifications

Sources of fuel Combustion
Industrial .

o e T —
Conditioning Capture Conditioning ransportan

Comparison with Human Health Short Term O storage
Exposure Limits (STELS)

Industrial
feedstocks Contaminants Contaminants Contaminants

Measurement

. . Tracking Incidental Associated Substances
Interim NAL construction
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Combustion and industrial processes CO, streams

e Australian energy and industry focus

e Combustion

* Coal, gas biomass and waste

Sources of fuel Combustion
* Industrial processes *
L4 onceli Conditioning Capture Conditioning VIRl

Cement/lime Srocesses

* Metal smelters ‘
Industrial
° Chem ica IS feedstocks Contaminants Contaminants Contaminants

* Ammonia and fertiliser production

storage

Tracking Incidental Associated Substances
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(HS +CQq)

Sweet gas Condenser cw Acid gas
Makeup
Water Reflux
drum
/\ Reflux

CO, capture and conditioning L@ =@

Pump
Absorber Regenerator

Sour Gas
Vapor Steam

* Preconditioning @_Rem
. Liquid 1)
[

* Removal of compounds such as NO, SO, Hg Condensate

. Zapantis 2020
* Amine-based CO, capture

Sources of fuel Combustion

* Postconditioning

Industrial Transport and

 Dehydration, amine removal e — ComelLein LA e SR

Industrial
feedstocks Contaminants Contaminants Contaminants

Incidental Associated Substances are removed
during capture and conditioning Tracking Incidental Associated Substances

Collated CO, contaminants from industrial sectors
flue gas and CO, product streams
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Concentrations of impurities in dried CO,

ncentrations from combustion of | Concentrations from combustion of

thermal coal (% o

* Concentrations of Incidental Associated 98.84 — 99.97
Substances in dried CO, (post capture and (L0 —

purification)
0.01-0.9

. . Argon (Ar) 0.01-0.15
* Ranges of Incidental Associated Substance 0.01-0.03

concentrations in CO, streams L=

Nitrogen Oxides [R3p] R 0K0) ]
(NO,)

Hydrogen (H,) <DL-0.002

Hydrogen <DL-0.01

Sulphide (H,S)
eSS 0.001-0.06
<DL-0.01
| Ammonia (NH,) [ROTERIE

Methanol <DL-0.02
(CH,OH)

(10 — 400 ppm)

(100 —9,000 ppm)
(100 — 1,500 ppm)
(100 — 300 ppm)
(10 — 100 ppm)

(<DL—-100 ppm)

(<DL—20 ppm)
(<DL —100 ppm)

(10 - 600 ppm)
(<DL —100 ppm)
(<DL—50 ppm)
(<DL — 200 ppm)

Sourced from Wang et al., 2011a; Metz et al., 2005

98.78 —99.97

<DL - 0.0050 (<DL - 50 ppm)
0.01-0.9 (100 — 9,000 ppm)
0.01-0.15 (100 -1,500 ppm)
0.01-0.03 (100 — 300 ppm)

0.001-0.01 (10 — 100 ppm)

<DL-0.01 (<DL-100 ppm)
<DL-0.01 (<DL —100 ppm)
<DL-0.01 (<DL —100 ppm)

0.001-0.06 (10— 600 ppm)

<DL-0.01 (<DL—100 ppm)
<DL-0.005 (<DL - 50 ppm)
<DL-0.02 (<DL —200 ppm)

DL indicates ‘lower than detection limit’ of analytical method used for determination, this does not
however mean that the compounds are not present.
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Composition from industries pre- and post-
capture

Combined

26 | 2 v Ar N e Industry waste stream
. . | e Post caplure waste stream
* Concentration ranges of Incidental -

2|ND o C3

Associated Substances in CO, streams ||,

wereee OFC-13 - [
pre- and post-capture L e ——————
12 e cO [ R
 Collated for the range of industrial and  ©j.o ., o
combustion CO, sources e e
42[ND o veo [ S
171 - e | |
T|ND e v HCl
i.SS ows how man 3 | [T T T TT T T T T T
dat;hpoillllts arehavailablgfor this red bar this is the maximum this is the maximum ; | :E o

i shows the upper limit
the industry waste stream in liquid CO2

i.e. 27 for SOx

concentration of SOX | ND wossereeresemsssnenneiens
in an industry waste stream Y] [ —

concentration of SOx
in post-capture stream

7IND I A A N
- prc21s I
212 ||
371 1 |
4 6
W0 D e pRCtie.
this shows how many these dots represent 1 1ND e pre-ts
data points are available for existing CO2 sequestration TIND e PEC-218 "
the post capture sream ot that the scale s logarthmic, S Plack barshows - specifications for SOx 2712 e sox |
ie. 2 for SOx each interval represents 100x exposure limits in air . . , , . \ .
10 10 10 10 10 10 10

cancentration (log ppm)
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Benchmarking against CO, specifications

e 1SO 27913

* CCS projects
e Sleipner
* Hynet
* Weyburn

* Acorn and related Scottish cluster projects

* Northern Territory low emission hub
* Northern Lights

* Porthos Project

* DeepC Store

INTERNATIONAT

1SN

D op O 1

uuuuuu

m World diats CO stores
. Tw large, well understood CO; stores with plenty

Pipaling reusa

|

H, Pipeline
€O, Pipeline

Existing Gas
Distribution Network

More than £750 million cost savings from rewse of
high capacity on and offshore pipelinf

room for growth.
Low cost €O,

. 200,000 tonnes of exsting, easy 1o
; fram the St Fergus Gas Terminals

Reteren.
AAAAA
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Northern Lights

- Industrial decarbonisation, CO, storage for Europe

Lonassp

aa M . o

© (O, captured & liquefied O Liquid €O, © €O, Floating
from industrial sources in transported Storage and
Australia & Asia-Pacific by ships Injection Hub

Image of CStorel

© Permanent and
safe CO, storage
underground




Capture and CO,, specifications comparison

e Comparison of CO, stream pre and post

capture with CO, specifications 2612 o —— T
ue gas
2|ND - - BTEX 5
3 | ND ... (02 ° 52
. . . . . . Sa
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""""""""""" crc-13 ——
. = o
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e s IE Kindec Norgan
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Short Term Exposure Limits (STELs)

Assessing the risk of CO, stream contaminants

] [ Je——— Ar
R | » S —— BTEX
. . . [T JE—
 Contaminant toxicity e o
L[ R CFC-13
« Pathway to harm L s
-7 3 [ S co
. [N J—
* Risks to workers v o
2 \ [\ | o T Dioxins
. . 11 J [ [ H2
* Risks to the environment 42 | ND e § e 20
[ ]

Use of screening levels

10,000

1,000

liquid

Considerations of
CO, phase

pressure
P (bar)
=
o
o

10

® triple point

| I
200 250 300 350 400
temperature
T (K)

Combined

ws . COZ2 product stream
W Flue gas
Upper limit
| iniquia coz
Exposure limit
|||||

® —
o

S&

Hynat CCS
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Kinder Morgan
Weyburm
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Porthas
Northern Lights
. 15027913
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Measurement

Review of CO, stream monitoring approaches
* Inline measurement methods

e (Offline measurement methods

* Mobile methods and instruments
* Laboratory based techniques

Further method development required

Online Methods and Instrumentation Mobile Methods and Instr i Laboratory Based Techniques
Contaminant Lower Lower
Instrument Type | Supplier Limit Method Instrument Type| Supplier Limit Method Instrument Type | Supplier | Lower Limit Method
Ulraviolet Atomic
P— TR Relevant Standard: 1O Fluorescenca (UV AR, 0.1ugfdscm (dry
Jov e Various. 0.1pg/m’  |6978-2:2003 [Detection in [T et ultravialet atomic Various standard cubic USEPA Methed 30B
Natural Gas Streams) IR TEN | beorption (UV AA), Xray metre)
Developing 2 Multi- (GE)
Metks, Fence-Line
. 3 , . :
Mercury Portable Mercury Analyser| Ton - MVI 01 ug/m s i Atmmic Absoprtion — Dependent on e —
: 1ag
. USEPA Method 10 3.3: Fugitive Emissions Using X 5
Muiti-Metal CEMS s 009ng/m’® | Determination of Metsls Ray Basad Monitors (Cold Vapour Atmmic usf”‘/'"
n Ambisnt P Using XRF Assorpton Spactroscopy | Vanous ssnmaEd, USEPA Method 29
(ovans) instrument
dependent
lsc1 sailgn USEPA Method 10 33: USEPA Method 29: Metals. USEPA Method 108
Arsenic (Arsine) Multi-Meral CEMS = _xm:w“" 00&rg/m’ | Determinstion of Metsls | Porable Gas Detector | Oldham - BM25 1ppm Emissions from Stationary AAS 10 ug/mi Particulate and Gaseous.
in Ambient PM Using XRF Sources Arsenic Emissions
USEPA Method 10 3.3: Continueus Particulate USEPA Method 10 3.3:
Multi-Metal CEMS sc::_":"mcw""“ 12ugfm’ | Determination of Metaks Monitor + X-Ray ""“:;:;ys 113ng/m’  |Determination of Metals in Ass 05 ug/m’ USEPA Method 29
in Ambient PM Using XRF Fluorescence Ambient PM Using XRF
USEPA Method 10 3.3:
Multi-Metal CEMS EL3- od 00Sug/m’® | Determination of Metals EN 14385
Cadmium 00 in Ambient PM Using XRF
SC1 SalBri C USEPA Method 10 3.3:
. ailBri Cooper 3 P— .
Muiti-Metsl CEMS Xt et S2ng/m Memlsin |CP-MS OSHA Method 1006
Atmosgharic Hemry Matals USEPA Method 10 33: Ambient PM Using XRF
- 3| Determ =
Analyser FPI- AMs-100 05 ug/m Mﬁl’:‘;:l: X:F ICP-OES OSHA Methed ID125G
in Ambi si
e Electrachemical Trace | Cl Scientific -
Matal Analyser lonix
— —

https://www.sulzer.com/en/




Interim NAL

* CO, Streams for storage to comprise
>95% CO,

e STELs with safety factor included used
to define upper limits of Incidental
Associated Substances

* |ncidental Associated Substances
without STELs are included that relate
to:

* Infrastructure integrity

e Subsurface reactivity Interim NAL
* Efficiency ]

Adjustments will occur where
required for offshore CCS NAL
release
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Contaminant Upper Limit  Rationale for Limit
€O (carbon monoxide) 2,000 ppm * Health and safety aspects
¢  Engineering with respect to mitigation of stress cracking of
steels due to carbide formation
€05 [carbonyl sulphide) 100 ppm *  Health and safety aspects
H2S (hydrogen sulphide) 200 ppm * Health and safety aspects
¢ Engineering with respect to mitigation of stress cracking of
steels due to hydride formation
HCI (hydrogen chloride] 40 ppm * Health and safety aspects
. Engineering with respect to mitigating metal corrosion
¢+  Envircnmental with concerns about dissolution of carbonate
minerals, especially in sub-surface rock formations or well-
bore cements due to acidic nature of HCl in water (forms
hydrochloric acid)
HF (hydrogen fluoride) 10 ppm ¢« Health and safety aspects
. Engineering with respect to mitigating metal corrosion
*  Environmental with concerns about dissolution of carbonate
or silicate-rich minerals, especially in sub-surface rock
formations or well-bore cements due to acidic nature of HF
in water (forms hydroflucric acid)
CH30H [methanol) 4,000 ppm *  Health and safety aspects
NH3 [ammonia) 700 pprm ¢ Health and safety aspects
*  Engineering with respect to mitigation of stress cracking of
steels due to hydride formation and corrosion of copper-
hased alloys
NO, [nitrogen oxides) 4 ppm ¢« Health and safety aspects

* Engineering with respect to mitigating metal corrosion

*  Envircnmental with concerns about dissolution of carbonate
minerals, especially in sub-surface rock formations or well-
bore cements due to acidic nature of MOy in water (forms
nitrous and nitric acids)

*  Microbiological with respect to any nitrites and nitrates
(formed by the acid reaction) acting as electron acceptors in
the anaerobic sub-surface formations with multi-step
reductions to nitrous oxide (Nz0, small amounts) and
nitrogen (M2, main product)

*  Chemical with respect to possible reaction with other
contaminant species to form new compounds

Excerpt of interim NAL



Looking forward — National Action List

e
Literature review

Consultation

‘_

_’

K

Develop offshore Finalise offshore
CCS NAL Draft CCS NAL

Australian Government

Department of Climate Change, Energy,
the Environment and Water

Release offshore
CCS NAL

|
—0
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Senior Principal Research Scientist

linda.stalker@csiro.au

Dr Linda Stalker

Department website

Senior Principal Research Scientist

andrew.ross@csiro.au
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Dr Andrew Ross

Interim National Action List

Australian Government
the Environment and Water

Department of Climate Change, Energy,
heather.agnew@dcceew.gov.au
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Contact us
Heather Agnew
Director, Sea Dumping
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