Australian Government

"¢ Geoscience Australia

An overview of CCS In Australia

Andrew Feitz

CAGS Il Workshop
Wuhan, 19-20 November 2014

APPLYING GEOSCIENCE TO AUSTRALIA'S MOST IMPORTANT CHALLENGES



Drivers for CCS In Australia

Greenhouse gas reduction Electricity generation by energy source, 2011-12

5% below 2000 levels by 2020 wind —, other

% \ 3%

\

Electricity generation
is Australia’s largest source of
greenhouse gas emissions.

Heavy reliance on coal black coal
47%
- 27% world coal trade

- Emissionsintensive industry

brown coal
22%
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Emissions nodes vs geological storage basins
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CCS projects in Australia

CCS PROJECTS
A Capture - feasibility

A Capture - advanced Callide Oxyfuel

B Capture - operational

@ Capture - completed Surat Basin

WV Storage - feasibility
¥ Storage - advanced

B Storage - operational

@ Storage - completed Support for
Darling Basin Drilling Project
< Storage hub - feasibility S LS\ Sl
© Major emission nodes O Munmorah
4 Offshore CCS permits
[J Basins with potential for im0 :
CO, storage South West Hub (s~ H3
(Spatial data supplied by SN B e Hazelwood
Geoscience Australia) Mulgrave UNO Mk 3
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Gorgon Project Overview

Jansz-lo Field

AUD $52 billion investment

Sub sea development of the Gorgon
and Jansz-lo gas fields

3 x 5.2 MTPA LNG trains

A domestic gas plant with capacity Gorgon Field
of 300 terajoules per day

Carbon dioxide injection project

Joint Venture Participants
Chevron (47.3%) ' */ Karratha
ExxonMobil (25%) |
Shell (25%) Barrow Island
Osaka Gas (1.25%)

Tokyo Gas (1%)
Chubu Electric Power (0.417%)

Operated by Chevron Australia
in joint venture with

ExconMobil T
Osaka Gas|Tokyo Gas|Chubu Electric Power

[Tokyo Gas|
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Chevron

Chevron-operated Gorgon Project
Carbon Dioxide (CO,) Injection Project ‘

* Diagram for illustrative purposes only.

Monitoring Site

P —

-—

Natural gas is fed
from the reservoir to

the plant.
Movement of the CO, CO, is compressed and transported by pipeline to
underground is monitored one of three drill centres where it is injected more Naturally occurring CO, is
by repeated seismic than 2 kilometres into the Dupuy Formation separated from the inlet gas.
surveys and surveillance beneath Barrow Island.
wells.
3 Operated by Chevron Australia
: 2, GﬂN’E in joint venture with
Austmhm—mmem The Australian Government has committed $60 million to the Gorgon Carbon Dioxide ExzonMobil
X Departmenl of Resources, Injection Project as part of the Low Emissions Technology Demonstration Fund (LETDF). )K
Energy al'ld TDl.lriSm Osaka Gas|Tokyo Gas|Chubu Electric Power
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Carbon Dioxide Injection Project
Project Facilities

Legend

O Drill Centre Surface Location

©  Planned Injection Well Bottom Hole Location

B Planned Pressure Management Drill Centre Surface Location
®  Planned Water Production Well Bottom Hole Location

© Reservoir Surveillance Well

— CO2 Pipeline

CO2 Compressor Module

Operated by Chevron Australia
in joint venture with

CO; Injection Project facilities have not been drawn to scale. For illustrative purposes only. Ex¢onMobil

Osaka Gas| Tokyo Gas|Chubu Electric Power
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Chevron

Gorgon Project Plant Site

«

S

R s

! Operated by Chevron Australia
injoint venture with

" li!h Ex¢onMobil
Osaka Gas| Tokyo Gas|Chubu Electric Power
g
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Carbon Dioxide Injection Project w

S

« 7 0f 9 CO, injection wells, 1 of 2 reservoir monitoring wells drilled

e 7km CO, injection flowline completed
« Anticipated injection CO, volumes range between 3.4 - 4.0 million

tonnes per year

CAGS Workshop, Wuhan 2014
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Gorgon LNG Project

o After four years of execution, the Gorgon Project is
about 87 percent complete (at early Nov 2014)

« Plant start up and first gas is planned for mid-2015

Time-lapse images of the LNG plant on Barrow Island
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CCS projects in Australia

CCS PROJECTS

A Capture - feasibility
A Capture - advanced
W Capture - operational
@ Capture - completed

WV Storage - feasibility
V¥ Storage - advanced

W Storage - operational

Callide Oxyfuel

Surat Basin

Tarong

\;l. n
@ Storage - completed - = Support for
o Darling Basin Drilling Project
« Storage hub - feasibility it £ o
// T | B
)7 28 Munmorah

© Major emission nodes

4 Offshore CCS permits
[J Basins with potential for

CO, storage South West Hub

(Spatial data supplied by
Geoscience Australia)

CCS Flagship project
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South West Hub concept
SOUTH WEST HUB

Potential Underground Pipelines for CO.
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South-West Hub

 CO, from coal-based urea
plant, alumina production and T
power generation.

Jurassic Period

* Pipeline network is proposed

to connect the large stationary p—
Sources Of COZ Triassic Period

LESUEUR SANDSTONE
FORMATION |

e Base case 2.5 Mtpa, 7.5 Mtpa
IN SOMe scenarios

e CCS Flagship Project ($52m)

o Target formation is the
Leseuer sandstone
(Wonnerup member)
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South West Hub’s formation trapping

 Eneabba formation -Feldspathic sandstone interbedded with local
minor conglomerate and multicoloured claystone and siltstone

« Contamination of potable Yarragadee groundwater not possible
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DRILLING PROGRAM

THREE WELLS

Dec 2014 — March 2015
Two wells for core and data
logging using mineral rigs
e 1,200 metres
e 1,500 metres
Third well some core, more for
Instrumentation and

water/pressure testing using a
water rig

e 1,850 metres
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2D VS 3D DATA QUALITY COMPARISON
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2D SEISMIC

3D gives
better control
over the F10
fault locaticn

_senn-

3D shows less
noise and better
seismic reflector
continuity

GEOSCIENCE AUSTRALIA

> Commonwealth of Australia
(Geoscience Australia) 2014




3D element description

6km GSWA Harvey-1

Top of box is MSL

Breakup Unconformity

Basal Eneabba Shale

Wonnerup Member

Sabina Sandstone

F10 Fault
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CCS projects in Australia

CCS PROJECTS

A Capture - feasibility
A Capture - advanced
W Capture - operational
@ Capture - completed

WV Storage - feasibility
V¥ Storage - advanced

Callide Oxyfuel

Surat Basin

W Storage - operational

@ Storage - completed
« Storage hub - feasibility

© Major emission nodes
4 Offshore CCS permits
[J Basins with potential for

Tarong

(@]
Support for
Darling Basin Drilling Project

Munmorah

CO, storage

(Spatial data supplied by
Geoscience Australia)

CCS Flagship project
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CO2CRC Otway Project

One of the top storage R&D facilities in the world
» 400kt reserve of CO,, highly characterised site

* Good relationship with community and regulators

— World’s first
demonstration of safe

storage in depleted gas
field (65,000t)

— Attracting researchers,
equipment and funding
from around the world

— International links with
EU, USA, China, UK,
B Canda and Korea
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CO2CRC 2015 - 2010

e Secured $51.4m funding for
research assets:

- Otway sub-surface
laboratory

- Monitoring equipment for
Gippsland

- Multilateral/subsi rface i

~ monitor.well

- Research laboratories
(capture and storage)

* New operational funding
secured

 New work program in
preparation
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The decade ahead CO‘Z\C-ES

Objectives :

Use of Otway Facilities for field
based research:

« Stage 2C

e Stage 3

Four research themes:

1. Geological Integrity

2. Engineering Storage

3. Fit for Purpose MMV

4. Geochemical Engineering

GEOSCIENCE AUSTRALIA  [@W0m ¢ Commonveatt of Austraia CAGS Workshop, Wuhan 2014




CO2CRC Otway Project Stage 2C

« CO2CRC Otway Stage 2C - using new
seismic techniques to monitor CO, in
the subsurface.

» Understanding how CO, plumes move
and stabilise in saline aquifers;

» Buried sensors to improve resolution;

* Time-lapse seismic monitoring of small
quantities of CO,, to monitor plume
behaviour and stabilisation.

GEOSCIENCE AUSTRALIA P e CAGS Workshop, Wuhan 2014




CCS projects in Australia

CCS PROJECTS

A Capture - feasibility
A Capture - advanced
W Capture - operational
@ Capture - completed

WV Storage - feasibility

V¥ Storage - advanced

W Storage - operational
@ Storage - completed
« Storage hub - feasibility

© Major emission nodes
4 Offshore CCS permits

[J Basins with potential for
CO, storage

South West Hub

(Spatial data supplied by
Geoscience Australia)

CCS Flagship project
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The CarbonNet Project

e Investigating feasibility of commercial scale multi user network

e Aiming to capture and store 1-5m tonnes of CO, pa with the
potential to increase capacity over time

 Gippsland Basin is
highest quality CO,

storage site in Australia
(2009 Carbon Taskforce)

 Funded by the
Australian Government
& the State of Victoria

 Awarded A$100m for
feasibility
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CCS projects in Australia

CCS PROJECTS
A Capture - feasibility

A Capture - advanced

W Capture - operational

Callide Oxyfue

@ Capture - completed Surat Basin

WV Storage - feasibility
V¥ Storage - advanced

Tarong

W Storage - operational % O

i = Support for
-~ Darling Basin Drilling Project

@ Storage - completed
« Storage hub - feasibility
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Callide Oxyfuel Project
« Retrofit to existing power station
e $200m project
« 30MW, 75 t/d CO, capture capacity

H20 remover GRF Y OCPU
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Mill \oele’fle— IDF

L ]
» . > Stack
—> J
e
N2 — 0 —
FF
PAH SAH
Air 02 Heat recovery
> by feed water
4 FGLPH

ASU

= © Commonwealth of Australia CAGS Workshop, Wuhan 2014

o (Geoscience Australia) 2014



Callide A Power Station prior to oxyfuel retrofit
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Callide A Power Station post oxyfuel retrofit

1 B 1
' < '\‘.I‘,I:" -.
il

Ll
D
. h : : -

&
"

GEOSCIENCE AUSTRALIA [@Wom ©Commonweatth of Australia CAGS Workshop, Wuhan 2014

(Geoscience Australia) 2014




Capture plant
e 75t/d CO, capture
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Callide oxyfuel summary and findings
o Started full capture in December 2012 — early 2015
e Aiming for 10,000 hrs of operation
o Successfully capturing >75 t/d; not currently storing
» Considerable time spent optimising system and CPU logic

* Flue gas is highly corrosive (1000-1500ppm SOx, 18-25%
water), some corrosion issues on materials

* High reliance on sensors — require frequent calibration, hard
work

« SO, reacting with steel, leading to deposits and blockages
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Summary

e (Gorgon soon to be the world’s largest full scale geological
storage of CO, project, storing between 3.4 — 4 Mtpa (2015)

o Australia’s two mainland demonstration scale projects (South
West Hub and CarbonNet) still at an early stage

 Significant investment in capture research

* GA is providing pre-competitive studies for basin
characterisation (incl. seismic)
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Thank you!

Thanks to Chevron, CarbonNet, SouthWest Hub, Departm  ent of
Industry, the CO2CRC and Callide Oxyfuels for provid  ing
Information and updates

GEOSCIENCE AUSTRALIA [GW0m © Commonwealth of Australia CAGS Workshop, Wuhan 2014

(Geoscience Australia) 2014




