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CSIRO Darwin

People ~5500
Locations 58

Business units 8
+Brisbane
Bsites

e
Budget S1B+

Perth + 5
3 sites Fsydney 5 sites
nberra 7 sites

TOp 1% of global institutions in 62% of our people hold WY

b
Sandy Bay

14 of 22 research fields university degrees

S500M+ annual
Industry focus: 1600 Australian 2000 doctorates revenue generated
companies, 3504 Multi-nationals 500 masters from external sources
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CSIRO Energy

Clean
energy
solutions

Fuels & »  $120 millions
FIREEIEE . 310 researchers

Production, Transport,
Resource exploration conversion, transmission,
generation distribution

Carbon Grids &
capture & energy
storage efficiency
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Australian “Live” CCS projects :
g¥ed [\
o H‘““L ] 7
o] SV <\
A e | \t"’*
(
\Q;) | Surat Basin |‘\ ll
\ T
4 | South West Hub S Munmorah /
L4 — - Ru’ﬂt vil?s Point PCC \;r
@ Black coal capture N ™~ a% v '(’
@ Brown coal capture ;

i
Otway Basin 7

@ Natural gas CCS
Storage

Hazelwood PCC
Loy Yang PCC

@

HNER A > CCSEtE

2 ~ FHRELIT

CSIRO il 2 & AE] 7 A > A e B i i oE

HEE - RORIT A RIS ~ BEIRRRINEERES - LIRSS
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CSIRO FJit 2008 FAE4E/N .~ Loy Yang B » RIS/ N

J& 50kg CO, 2 BRI U ZE 2 Sl fE R g - 176 LRty 22 v [ K e
SEEEEMI AL B R 2 BT/ E A B ROHE - [B 8 K CSIRO
S Eni S R AR AR - CSIRO iRt DAL G AR B E
» FIFERERE ~ EUKELBRIDE - MR AR b (A1 2)

o ATAEACTN S R A B — iR A AE Bl [ET RS TR B S » G7AHT e

RN 2 Vales Point 8 > 17 S B el BaoET T E Mol #2# 200
Rz GE R B RN R T2 98% DL F o Ji b X 32 R 2
90~95% - Wi M [FEIIFZFR SO, Bl NOX 287594 » IR B e iU %

Z AR PRE A -
CSIRO’s PCC program
C PCC
Learning by doing Learning by searching

/ Pilot plants / Research &

IKGL Loy Yang Power
\ CISRO pilot plant - N
PICA pilot plant ([ Amines ‘ ':t;;e; ;:t;crisessts )
‘/Delta Electricity ~
Vales Point pilot plant adsorban / Environmental )
impacts
/ Stanwell /
Tarong pilot plant | Membranes
/ China Huaneng

Beijing
Changchun

Lt PICA 5 (PCCIHICSIRO £ AGL)2 %% > & P # IHI &2 CSIRO 2 &
Rk

(

CSIROZ Eizhix i 1&(PCC)atE=



Piloting PCC Technologies in Australia

ectricli '
Vaics Bont Yang -l
p Deita y Solidh Vales Point
Electrici
it ﬂ s°"°e“ts-
>Tarong : rSolar -
|

Thermal
| l | 1 | | | |

. | | | | |
' 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Establishment of capability
and infrastructure

-Preparing for deployment
- Next-generation PCC

CSIROZ Ejihieii i (PCC) e Bt Bl EAZ
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Pilot plant summary
Aaron Cottrell

o -

Solvent Amine Ammonia/ Amine Amine
Amine
Flue gas source Brown coal Black coal Black coal Brown coal
Scale 50 kg/hr CO, 300 kg/hr CO, 100 kg/hr CO, 50 kg/hr CO,
Focus Solvent Ammonia Process Duration
benchmarking operation optimisation evaluation
Other Emission stucdy  Pressurised Pressurised
activities Combined absorption stripping
C0,/S0O, capture Solarthermal Corrosion
integration Degradation
3 ~ EALRG

CSIRO 7 RALhH7E » DI P TREE M F 1 J1EL9 P
o HAPREFTESERE R LR R (R - ERIPR - JF
HEENIE ~ EURIEFT) 5 R LR ETP B E - RS E T
ZEHE  YIREID RS T Fy > BRERYIEL ) 2 ALEMEE)  FEEECGRIL
~ RACKE RAZF) 5 MU CERHT R 2 R flr Bl e EEA R 5t) « HERHA
BlEtAH T EEEY) ~ Bk - £BY) - BEREY T -

CSIRO FRILERAMEE L - A T IRRLER AR
> J1[E 10 - #R{EEES] 20bar > SESHERE 1~5 kg/hr © 5578 —H JE[H]
TERSRIEE B A i R B BV RE YR B M 7E 2 - ] 11
AR > WG SRR URER AR EL 25kW TSR BRI 2 BT5T -

PRIFAL ARSI BRI TS > NG 3% <2 B Hii A R o BEA SR L
CARBEMBETAEARRZEGR T ZER o A% Pd H#
Vanadium(V) &8 &g B R Pd IR B ERRT - AlE 12
B o ik VOSHRR R Pd [ErBEEUR > 59PL V IR R AR R E B R
> H R A R o R > AT SRS EE 100% ¢ 11T sZ



A Pd HEH Pd iR ie REEL T EEE R - AL
5@ - 4E 18 Fk -

CSIRO Gasification Research
Fundamental science supporting industrial application

Feedstocks Science & Research Areas

Gasification reaction science:
devolatilisation, char formation,
heterogeneous kinetics, high
temperature processes

Applications

Supporting pilot-scale R&D and
commissioning studies

R&D in support of technology

: development
Inorganic chemistry: slag formation and

flow; mineral matterand trace element = ——> ] »
transformations, speciation, and Matching feedstocks to gasifiers,
behaviour; chemistry of residues and feedstock requirements

ash

Supporting gasifier design,

Modelling: Gasification, gasifier, and optimisation, troubleshooting
process models

Developing solutions for remote or
off-grid applications

Scale: Technical and pilot-scale studies
of feedstock behaviour

CSIROSRA LA b5 sk

Feeder

Preheating —_ =
and mixing I I

Three-section

reaction zone A

Water quench \

Sampling probe H

and gas analysis  —_

Gas Analysis \

CSIROF IR R LI

11
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Metal membranes

Separation of H, from
gasification, reforming or
ammonia-derived mixed
gas streams

& H,0 Pl
d Q
S@) ao

\

X 3=

Syngas Stream
High catalytic activity

Tolerance to H,S, CO, H,0
Low transport resistance
Thermal stability

Low cost

Feed side catalytic layer

High permeability

Embrittlement resistance
Core Low transport resistance

Thermal stability

Low cost

High catalytic activity
Low transport resistance
Thermal stability

Low cost

Permeate side catalytic layer

‘ ' “ ~ } High purity Hydrogen

12 fE b s a rir
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Supported Pd membrane Layered V membrane

+ Pd layer provides gas-tightness and H, separation + Pd layer provides H, separation
« Porous substrate provides strength « V provides gas-tightness and strength

Pd-alloy layer (10 ym) [N Catalytic alloy layer (200 nm)

Dense V substrate (200 pm)
Porous substrate (2 mm)

Pd in outer layer: USD 2400 m2
Porous substrate: USD 5000 m
plus manufacturing costs

Catalytic alloy layer (200 nm)

100% H, purity

Vin substrate: USD 180 m™
Catalytic layers: USD 100 m2
plus manu facturing costs

Must be >>10 uym to meet ISO14687

SCHF RIP AT HR B R VIR 7 LA
(=) &R EFEMFEEE(GCCSI)

RRFFE EER T HEEER CCS mifris i B 7 R A & F S
H o AEEEREREGEMOREE R AR E SN 2%
» CCS FfRBUR ~ m &R R R HE Bl 2 508 » Iy 7 -
BEETRITRE ZHR 2 B 3 e K B IR iy 2 482 Dr. Tony Chang S5
7 BEEFEER " Dr. Christopher Consoli BAFTREEBE K~ Mr.
Lawrence Irlam.

GGCSI SR H AT R R = L DR pRAE TR 4 & Z
FJ574 > CCS #iln.Z M - GGCSI i CCS #eilufE R R IB VIN S
BRI L AT AR IR E RARHHI Z AT AL — » W EH RS
R B TR At 2 EER - [FIRFER R T AR S O CCS FUlTf Bz M Z
FtaE ST - GGCSHRFIHH ~ BURHIEE ML FE N SR EE— LUk
CCS FiailE ~ HhEk - 245 ky1b > GGCSI B TFEH 23 5 8 DR LR
ETHEERORE R ~ IHFZ SEIEE -

GGCSI K7}~ 2009 R HBMEURT 100%EEE 75 > 2015 FHEE
HAH 7 ACRPRE A B IBMNBURTST - IRBEa e 8 Z B WA [E
BFE - DUSARR Z BRI A T - HAIAEEESAE SRR A 59k
AR Sy A F] (L < E =g EE DC) - BOM ~ JLIREA BRI 722 F)(
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{ichE GCCSI 2016 22Kk CCSjRREHEFEUR > =EKHATA 38 {E A
T CCS afeE » £ 2017 FRiA#4 20 A% CCS sTE{FEHE » FF
LTR[HERIT 4 THENEY CO, - (HE 2022 FRIHER ZHIE Y » AE
14 For > AR 2 #EB) > DUIZERK |EA 2DS FEHEHITFR Y 2040 &
CCS kT 40 EAMIZ HEE » HrpJE OECD BIZgRHE 12 2 HRk(
A0EL LS)Fr7rs -

& 2022 7 38 {f KA CCS 515 » JEH 2 MELIIEE K - 2017 4
ZAR A 2 i P BHEEEE NI(AEL_16) - JEA] Z SR AR AR
21 s gk SaskPower 2 Boundary Dam 2 CCS #f& » A 2014 4 10
H B ERE > B s —(EE R AL E RN AL CCS 5135 » HAth 2 M {lE &
T RA CCS THH - #PHPEELEE 12 Kemper County BEJFE (74
BERTHHIE) TR Z Petra Nova(PARERIFE)hIHIEEZE » Kk 2017 4
G (E 17) - fif5 CCS FfrfE T bAaVARI B 2 Al st T2 M
& o S5 2015 7 4Bk CCS JRRE - JREG M AR & R ABI(VAE) 2
PerfrzELt - DA SE R A A S jE CCS ST (FFAIREIN T2 CCS 515
K

COP21 EFGRIES 2 BB BRI RURE A iE 2°C 2
BT - CCS Byt 2 At > BURN 2 SZRF ~ AR E R R
HE poEE . EANNEAETT DU A HEEh 27 [ -
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CO, capture capacity (Mtpa)

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

I Projects in 'Operate’ or 'Execute’ [ Projects in 'Define' with an expected start date up to 2022

Note: At the time of writing, there were strong indications that both the Kemper County and Petra Nova projects could be
operational by the end of 2016; the combined CO, capture capacity of these two projects (4.4 Mtpa) Is included in 2016
as a distinct entry (light biue) to highlight that operations were imminent.

B 14 #2022 F= KA CCS 5t ZHEHE

~4,000 Mtpa of CO,

Global Status of CCS captured and stored by 2040
November 2016 (IEA 2DS Scenario)*

38 large-scale CCS projects - .......§§§

combined CO, capture capacity

of approximately 70 Mtpa:

¢ 21 projects in operation or :::333:
construction (40.3 Mtpa) .......

* 6 projects in advanced .......
planning (8.4 Mtpa) .......

¢ 11 projects in earlier stages of 40 Mtpa z:z:zz:
planning (21.1 Mtpa)

@ nNon-0ECD @ oo

“Source: IEA, 2016. Energy Technology Perspectives 2016: Towards Sustainable Urban Energy Systems. Paris. OCED/IEA.

IEA 2DS {EHEfHIEE 2040 H£FFHE CCS a2 HAR
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Snghvit

Boundary Dam

Canada oo Century —P—'a—'lt— . ——————————— C B
ACTL S\urqeon

Coffeyville

Illinois Industrial

Enid Fertilizer Air Products Kernp:el

Operating 2016 2017 2018 2019 2020 2021 2022

O = 1Mtpa of CO, (area of circles proportional to capacity)

[E 16 F 2022 F AT CCS 518 Z g /A S IR

ROAD
Kemper
Power generation BoundarrBan'r ~PetraNova (N B[ - R

Lo B T T

Chemical
production

Iron and steel
production

Synthetic
natural gas

Fertiliser
production

ACTL Sturgeon
1
il refining R Nl i

Natural gas
processing

Val Verde

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Hydrogen
production

Air Products

Operating 2016 2017 2018 2019 2020 2021 2022

[E 17 %] 2022 G K% CCS s+& 2 JEF AR EL L £ H =
(VO)ZE4NEF A (MONASH University)

Monash AERL R BRA SR KR AT R F i > BlI175 1958
o BIE ERLE R 42 F S M (G i RS 2 —Frde G REE » A
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FIAEFERE T UL EAREY 40 Jrie 2 ARSI - B e (e bt BRI
ZALEE % Alan Chaffee 27 BAE 71l < #'E 7752 T2 21 Ranijith
Pathegama Gamage #{#% -

1 ~ Professor Alan Chaffee EEg= (R ESER)
Alan Chaffee Zi#%/~ & BCIA(Brown Coal Innovation Australia)
ZWFE A - EEREITAGETH 2 1% - B SRS A E &/
B SRR LaEY - R HR TS ERE -

SR (VBC) A2 Bl ElaEt: (81 - KEE
FHA) TP RCEE > REEEE R EKEZ AE > aEtEH
EE T B 2 IR (UE 18) -
@ Tne Science of
Victorian Brown Coal

Structure, Properties and Consequences
for Utilisation

& 18 t&fta a5/

425 M nalel N B HLBRE 21 - 1R 4y 37Ky 50-70% - i
Al H B A RE T B FE g S GhRE o P AT S 8 A P PR 253
R KERR » ERURZGEE » BIBFEHR AT [FI R PRE T fa b -
KZAEAER - WA ERR/KERE DUe S s e s pl = (MR
an(FERE ~ TEPERRAIEL) o 3% EIRC B2 23 R 3 R K 70k -
H HiiZ E A B2 Mechanical Thermal Expression (MTE)# IRz 4L
fla > RRZmRR bR 2 KA R R - mIEiE N KRE Z2E - [
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R IREHEHE IR ERR AT < YU EMEE #E T 0T - BfRRmfs - fL
&ortfi - ALEAHRE > H-§#E (DRIFT-IR) MIEMEENE (TGA) » H
SR ATBIHVEAE MTE 2878 - S5 BIBORRh b 3 2 LM S bl
B A AEZR(MOR)ARLR: — S bhr i (LS HERPARL EadR(EH]
N ZEE4 S Ru H8E 2 MHR(MIL-140C) » B4 & F R L - (40
B 19~21)

Brown coal products
Dewatered Products — Laboratory Methods P

“"" Densified Pellets

Up to 70% water ..~

Briquette

&
? \ HTD Preparation
g slurry
<o
lave

P— T s EIMONAsHUTransportable / Exportable? i, <%
& 19 A [EFR/KE B E =Y/ M

l‘\;
e
==

it §lghrs Yidhd
Rl ixCA

[E] 20 (/o) AT A G2 R o Z BERGIRARE () s S R AR

Experimental section: Materials tested
* MIL-140C (Uni Sydney)

Results — 350 °C, pre-treatment at 400 °C

2% auunwunn unan nuns 100%

*»
P o -
— Zirconium nodes “ ‘ _10% LI OO 5 QOO o High temperature step ensured full
- S v g § | ‘activation’
= Post-synthesis modification: el S CO;H, % © ; ;
o ®. S g% ®20ba/135  MIL140C-10-Ru(CO),Cl, % | - High conversion
= N 2 £ i & ey :
bv.n erdgxchange t0 5, 10 and 20 % S B 4 20baria 217¢g 40% € | - High CH, yield (stoichiometric)
i L . e
PVT‘ ine linker \‘.— 35 5 .:g ::"ﬁ: 2 s0% | - Catalyst performs steadily for 6d
= :;Oact:hng the exchanged linker with PN ox | mH2cony h * MIL-140C still almost unaffected by
uCl; or Ru(co)cl, NG A“ condition changes
‘ﬂ\ v 3% L00% (but methaniser is affected)
“"’m o9 Methaniser, 21.4 g 80% ~ High activity does not allow
®. S 8% aNne o s discrimination
e 2 el o £ | - MIL-240C with lower Ru loadings
[ g """""""" 0% 8 still showed ~100% conversion
iy 2 4% =
3 oy 20% * b Methaniser clearly inferior, but
L miL-3 pressure sensitivity is observed
0% 0%

Image source:
Angew. Chem. Int. Ed. 2012, 51,9267 ~9271

I “"‘:‘f’:"l % MONASH Universty e
B 21 %75 (LS A R MOF) b

& MONASH University
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Alan Chaffee HERBIRTIZIEZ » (EE FIFT - BRSNS B
Sl RREREEE AN Hiz 52 A - 2HE B AHRGEEARME 2R
B[ B 22~23 AEEE 265 - @ 1%l Professor Alan Chaffee & &2 (41[E 24)

o

[ micromeritics
AutoChem HP

i e,
g )‘41 ) e ;,;’:.;,t_

HEEL et es
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Bl Professor Alan Chaffee &%

2 ~ Professor Ranjith Pathegama Gamage BE= (BREF75EE)
Ranjith Pathegama Gamage #{ # & Monash kK £
Geo-mechanics for Geo-energy and Geo-resources Deep (or
3GDeep)iHFt IR~ SHE A » 5%/NHH 10 LEZHIE A S 30 %
HiE AR - 3GDeep Z FH H 7 e S T B K M A i ]
TR > DUSBE R MR BR R A 38 h Z Bfla ftdRE - EfEd 2
EFER S L EYE R (A3 MERIE - HER > BaR - 8
RALHEE) 5 AR CGEwE) - DU &bk (CO,) FEF

R B 2 5 - AfE] 25 A e
7 MONASH University % 7 MONASH University

Engineering
Research Themes

' > — =P @ “ y
= - o Deep Earth -
'y 4 7 - . — Energy &
it e = . < Resources
- S Underground
—_ S Coal
; . - Gasification
Presented by ‘:]ﬁ @

Professor Ranjith PG
260caber2016 | 3

Geo-mechanics for Geo-energy and
Geo-resources — Deep Earth

[& 25 3GDeep Z M5t 7t
77 (CO, Sequestration) - AIE T./E 2 J1 A% Gosford
basin 7 — &AL EEFRE ST > MR EZ 27K 2 E ARG P
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FAEAT Al ae 2 SRR G B SR Z B ERR] © 55— A
ZHFE - BT MR IR RO Y A R Z 2 BB
> HAE RS IRAEHEA (A 2 Z kB ER R (F T~ ZHEYIME 14 BRAE R
E4r - (41[E 26)

7 MONASH University @, & MONASHUnwersity

Englnaarlng Engineering

CO, Sequestration Mineral Sequestration + Fertiliser

Investigation of potential CO, storage site in Gosford basin Car d vs non carb d fly ash in agri use

» L X Growth of sweet corn plant with carbonated and non carbonated
* Under natural condition (before CO, injection)-brine saturated samples Hazelwood fly ash at 5% and 10% rates
: 1.7 ey ——
_ 0
iz =
? %
ERR
w0

0 002 0004 0008

+  Salinity - key detel above observation
*  Carbonated ash at low dosages (5%)- best treatment

* Drystrength decreases with brine s
*  Water saturated strength increases

salinity level

+  Deposited NaCl crystals enhance

. However non comparative to the typical plant growth
lack of essential I nutrients N, P
limited root growth

+ Salt tolerant plant species - suitable to grow with fly ash

reduce the pe! ity
the rock strength 26 Octoner, 2016 1 5

[E 26 BREFFEN AL E

RIRRIE AN A 2 1% Z 5 = KAEIR > Ba& et
RZBERFEK > FEERRIARER MNaE |5 g ERZGREA
ZYENN > R R B HRER o (FUE A S BRI e 0 2K
R i 2 (BHARE IS pORET A 2 s (2 Tk © % EHR
TR —TERRER R Z BT > DASGE Hasm L Baek > o — il
KIERasE » SRR E R ZRIKRKeth PR HES COL 21E 1%
B > WISEREHA EiobT s LEREE 2 ~ R B fRiF 2
HUE R (A& 27) -

7 MONASH University % MONASH University

sbiving | Engincering
management.

Engineering
Well cement fracking cont.
Research Themes - g . Aosarent (o i
';J‘kn:; Permeability vs. injection pressure (P;) pparen ; permeability
P reduces with increase in
Geothermal injection pressures
Endrgy
/ Foam + The reduction of apparent
g permeability is due to
& ] Klinkenberg's gas slippage
]
il "mﬁ:-ums effect
= Uit ®  Composition of fly ash used for geopolymer
i
g M; El’g'ﬁ;“ ALO: | Si0; | Ca0 | Fer0s | K:O | MgO | NmO | 503 f;ﬁig: Others ‘
p“f;;“# 305 | 483 | 28 | 121 | 04 | 12 | 02 | 03 | 17 25 ‘
= The permeability of geopolymer paste (0.006-0.02 uD) is less than the permeability of
traditional AP class oil well cement {1-150 puD) (Bachu and Bennion, 2009; Cheng et al.,
etsbes, 2015 2011). 26 00cher, 2016 | 19

1 BT
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7% MONASH University <3

Engineering

Micro-scale Meso-scale Marco-scale
Underlain Standard testing Field simulations Reservoir Scale
Physics
5-20mm dia 30-100mm dia 100-1000mm 1- 1000m

(0.7micron)

Research Facilities

Zt Tt E = (3GDeep-RL) #iA Suie 7 ft - 1 AU - KA
S HHE PR RS HEER BT T © 18 L85 il 7 S it RES AR A HL A 3t &
BRI TEEER - HER - olREEEETRIFTR A Z W5
[E] 28) - 5% BN E B PR ST & s 2015 )17 Geomechanics
and Geophysics for Geo-Energy and Geo-Resources(G4)HAH] » #
TTEIPRERAG SR © S8t gek R SR T &R 2 al T » T

L

. Long term R&D works through a consortium

. Testing Services
. Exchange of scientists and PHD students
. Joint grant applications and publications

. Technical Solutions to Specific issues

7% il Professor Ranjith Pathegama Gamage & » #1[&E 29 -

26 October, 2016 | 29

[E] 28 HFEE AR
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7 MONASH University

0 cha br Geo-energy and
Geo-resources — Deep Earth

(3GDeep)

& 29 Ei Professor Ranjith Pathegama Gamage &+

(R)EBE A AKE(Melbourne University)

B AR PR S B A L 77 > A%, 1853 £ > A
Fap RS AR 2 KB » 2 an it 2 R - ARG~ Paul
Webley ZH2 B A 0+ TIE 2 30% - HEFAER b7t B SR R
a7 SRR © ATHAR ST PARERTBLPN (R & A {bhik » [FiF Paul
Webley Z#zth& CO2CRC Z5TEHEE A -

Paul Webley Zi%E i HSBIHRANRE 2 S1FAFE .0 (Peter
Cook Centre for CCS Research)&Ea= » i% 1.0 2 &1EB A CO2CRC

+ Rio Tinto 1 Victorian Department of State Development, Business
and Innovation (DSDBI)% » {7 S bhirE ELEHFIEE KA R T
fEIAH - (i CCS FiZsMERE - & 30 fir - st L EAHE R
ZEFEFEIE » RIS ILRER & ~ SRR T SR el (1
FralE st B aE AR (R B 0t & G e E — 8 L i B
ERE - SEEASE N B 2R FLd e - (W[EL31~33)
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v‘( \
Stakeholder Committee: 7 .
Rio Tinto, DSDBI, UoM, CO2CRC 5 " \ Centre Manager: ‘

Chair: Dr Malcolm Garrett L Dr Michelle de Silva
\ / Centre Director: \
g :s. Professor Geoff Stevens L
e ~ e i Development Man y
Science Advisory Committee .\ 1 s
Chair: Dr Malcolm Garrett 2 | Y
/
‘ CAPTURE ‘ STORAGE ‘
\ J \ J
| — |
Solvent Systems Membrane Systems Adsordents Materials Geochemistry Geomicrodiology Reservoir Engineer
Professor Professor Professor Professor Professor Dr Professor
Geoff Stevens SandraKentish Paul Webley Greg Qiao Ralf Haese John Moreau Stephan Matthai
\ .,

[&] 30 Peter Cook Centre for CCS Research 4H 4% [=]
(HUH http://petercook.unimelb.edu.au)



http://petercook.unimelb.edu.au/

CO2CRC Pilot Plant 12l {m] fizas 91 8 B it

—225/j3E Ry Dr. Penny Xiao Fr¢ZE 2 Fhaa - UITH YRR T BEM
CO, & Z IR - Bz 5 JEE R IGCC Z CO, il ~ RIRFAMI
R E LU Z 55 SE - HRIRA s 22 S bl A A g 2
FHIEERRM I - 5% B5HEA B O 2 R EIA B & Rl B o Mt -
HEITAORIERE ~ FLISERE - DUSCHIGR I AAT B A 2 (B ERVERE -

LT I e P R TR A BRERS - T AR
#§ CO, » CHy » Ny » ZKEEIRIEL A4 5 R Bt JI FISessaie » FEUHIORf
il SYBEVERE SRR A AR S Y IR - AR TR R B R E R
51 - B34 PSRRI ESS - [ 35 A1l TBRC R R R A
RS -
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[E] 34 [ PRSI b eSS

[B 35 7557 T R ) A I
R SR I (AL 36) - BV 4 (HADE T B e
SR (4-bed PVSA) » il 4EFAAGFHLIE H o » 54781 15% CO,
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#1 CH, balance ZHERNRAZESBE M A 2858 » o COp R & i 4
Z CHy fEPRF kR FEE H E 2R AR R MR IR T 2 CO2 BRI
FSRAE S - NI - ATLUE S fEER AR 4 AR R4l CHa NS RIE COy -

IR IR BT st B (75 (4-bed PVSA)

Sy MR AR (A fE]_37) - mT AR S A R T o - DI e pE
HRTE CO, ZIHH » BERITIRESH/KEIFE MK CO, > #E
ThRRE T 2 KA E R R CE T S ba sy B - 24k CO.
5 RS g (LX) - A Ml E A E R AL B 2 7K 7 2 &1 CO,
HelE o MEE AV E S E L B 2R - LT BAEIR T HRKAT CO,
EZUpsICIE
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[E] 37 sREEAER IR i (2-bed TPVSA » GSR2)

ZE % 2 B aa R Rt E S E BN AR TRt £ BR T
Rl B s A - B ARz B AR B g 2 S iR BRI
41 38)##{E CO2CRC Otway Project RiiyE{ FEIE B - E14 L
Professor Paul Weble F; Dr. Penny Xiao &&2(%1[& 39) -

N

[E] 38 Ehftst s ALl
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Bl Professor Paul Weble Jz Dr. Penny Xiao &8
(NELFEEINBUN < KB RE - BLE - EHEEEIRE

FEE4E 2 M e N BURF 2 887 48 e ~ mise ~ i B & IRE - 55
CarbonNet i@z 1E » B GCCSI Dr. Tony Chang #F¥AT—[Egi{E >
L2 AR GRS 4) - #ENBUFE e &5/ CarbonNet Project
Director lan Filby £#ER » #72 0 CarbonNet Project #{iifg&# Trent
Harkin 4144 CarbonNet +& AN & & H 5w &K~ Director Jane
Burton 205 B4E N #E 0 &R BAHRE < 28 e+ S BLEUR GR AT (4 _5)
» HRESURFSHREZEIE CCS Z&#EIRN > BRI TE TR 257
o > FERIST S E SEL 0 S B INBURN 2 BT - dEINBURTEET N S
12 A#AMHEE R ECR - B RTE e S e S RN H T Em - 18
i B FH AR AR A A ok B TR S A BLE 755 » 5y BB RN ]
REVI AR Sl FEBUR T &5 8 H AR B RHEMOHE - RIFEET
(106)HF 7 HELHENEURM kR E - HATAR e ES &N EH T E
T80 MAANERERER > HEENHANESSIEFEHR - o] B
H 78 5 4E)NEUNIRZEEE CO2CRC #E{THERE 2 AT Msfh » J5 =848
TRl > & ER 0 E5211 BCIA(Brown Coal Innovation Australia) & 55
CO2CRC g & -
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HEINBUFFRE L CCS MRE R o B 5 Hh[F 2R s s - MifE
R G R - AR NS0T Z @b T E 2 sl - BT E
ZEHHEER - MR ESERZE Z /1T - XKL T
» FERNASR SR T 2 HAR - SR G ISR AR S R ZFFSHT T2 (A[E 40
FIR) -

ERLAE N N B E 1R e s
PUTEEH] CarbonNet 512 ~ #afat BBz Gt EHE 3 B ZWNE ¢
1 -~ CarbonNet &

STEERCIIA 2009 4 » T BEEKE A H BMNBUN G 125 - 48 NET
JAFEL GCCSI JR A& Z2: 81 - CarbonNet 2 Fiffiih5eH CO2CRC
ELHRY > S5H TS L CCS Inifc E B A ES L - TR 2 5
B0y Ry PR EOEST » BRI 2 EERABIZ
={EEIE - BB R - 5 S B THEE 2 L
e 14 (EESE 2 L - SRR — R B S HE (R a0 E 41 Fr
) o R ERE AT 2 B o DU LB St 2 A

» SSEFERL R B2 S TR - L2 e twiE - AT KRR
PRSI A e o
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& 41 CarbonNet 518 G B L EEGHEEREERAE

B—PEEFSLETEEH Gippsland-~Bass f; Otway Basins %5 3 {[f &
B2 @EGETTRE - E=(EEEEE RS 2 KiEhaEEE - (3
FEHE I 90%AEINEE T » PLSCKT 31GH(310 {EliH) 2 CO, fhi{F/ETT -
& Gippsland Basin Sy R (Z0E] 42 FR) o I
CarbonNet 515 HATHEE - BIgt¥H4EN > Gippsland 2 RS BT
Z %t i) CCS Hdisk » HEfTHAITTIEHAZE -
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Melbourne
L J

¥-w, &~
L‘atrobe ‘
Valley = ~

&

Offshore Gas Fields
Offshore Oil Fields

. Brown Coal Fields

0 10 20 30 40 50
[ = e -

The Gippsland Basin

[E] 42 CarbonNet 5+&%EH ~ Gippsland Basin Az &

N Z B2 SN E CarbonNet FHEE % 2 5 - HATAERE%
R T gt &I 2 sR B AR 2 BE - BB IR - i E
AMELE T AAEERAKMEENR ZHIE > TFEH
GCCsl/CarbonNet BB (% - A Z Rl BUATSORK » 554K
i CO2CRC/CSIRO/UoM 5 fEfE (% - FIH 2K E AL B (S e ps
(GipNet) 247 B B s BRI AL AR it imae (A& 43) - T CCS
e EE 2 (S - GipNet IR ARG E RIS Rl - F2EHE ¢
(1){= (Microseismic) e B HIH R oy AL AT FRER R TR 2 FfEET
(2)8 B~ &M - BRI B (Measuring ~ Monitoring and

Verification, MMV) » i I EDHIRS - Base oK g 2 BT 4

ARG ZEM ~ FHEHEZE(MMV) - I Fl s (S i o s+

A R PR R -
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Operator @ UOM

[E 43 CarbonNet 1= GipNet BRIz 4R ELHIBE

CarbonNet 3127 2012-2016 A7 THEFSEFEEL5ERL
(1)Ef#E 2 (B Ihh ot 2 Se B e
(¥ g2t 2 B ST F5HE < FE I AEM
(3) TP Btk P 225 2 WA= - 045 CCS 48 AT Gippsland 7 {£7%
FOTEAd 2 288 Ryl 7 (H8E T3R5 a2 7 /KAE? N — & EX R
R ZA - TR 7
2017-2020 FEtEREMEEL » T TAER ¢
(VUL 2 2R 5 EL GipNet FRETALGERES |
Qe TEFIREGITFSEL
(3) %4y 2020 Kt CarbonNet GHESE £ R AHFT -
2~ taftEtE
NS E Z feftaim =4 980 (SN - CLERRE LR AR AT
FHERELTE 440 (B > &5 7 98% » T H( &/ AHE T
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- Latrobe Valley(#(1E] 44 F) - 15181548 (RS & KR
50~70% » [ FIF RS LR IR S 2 K 5) - SRER KR AR o LASE
R > PRI RIS AR A - — GRS PR
> SR T AR B -

t@ Australian Government
Geoscience Australia
Brown Coal
Deposits and
Operating Mines
in Victoria
(in-situ resources)

SCALE 1:3 500 000
150 km

—— Major railway
w—Coal-related railway
0 Bathymetry (depth in metres)
Not

3
and is subject to confirmation and possibie amendment

Brown coal operating  Brown coal mineral
lines (Bt

Bt) deposits (Bt)
® o005 @ 005
@ os10 @ os1
@ v @ v
@~ @~
@~
Commonweaith of Australia (Geoscience Australia) 201
With the exception of the Commonwealth Arms.
where otherwise noted, all material on this publication
provided under a Creative Commons Attribution 3.0 Australiz
Licence. Vi n;

[E] 44 4N e bk ek ek

SEPNIEURT By A SR 28 2 48K 7 2009 4234317, Brown Coal
Innovation Australia f&§fE BCIA - BCIA & —{EIE=FA\ 5] R BEUF T
B > BIE[EHGE R F B R A S @A LR DER s il 1T
&1F - BCIA Z £ 28 ot il - DUR D EREE 2 5228 » [AlF 2
i E BRI - & 285 H A JCOAL MISEItEHE (Lignite) sEH
fhye -

52k 17 4 1 i B 58 51 25 (Advanced Lignite Demonstration
Program, ALDP) » ALDP F & NEREsFREURT 25t & 50%EL ARk

» DU 35 e T R S AR ALl » 2B B o o DA T i 2 E
{H - ALDP st fAfF s DEE @ e E R iy < fi 25 e - Sl 48 F RHR
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f5250 38 4 £ 15975, (L i5B « CEA (Coal Energy Australia)
ALDP 3 B3t (5 B B S BRI T A7t Latrobe
Valley G » 427128 A HH LIS BT B T 2 A » 8 IS R0
AHERR ~ S  TREESFIMRS - BLETEE S WIS ETEAT - 55—
PSS 200 SHBILILE - 55 BRI 2,200 St
P L BUAR(FFRAE 2020 422 7%) -

SeNECRFRI LA « B ~ it ~ P ~ ISR - S5BURIEL finEY
FHEHY) 2 GIFMIG - BIEA JCOAL H & IFHISH - REirsg
KEPCO 1 R&D EL7siiis {5 & 1 ff: -

ENBUNTERTIN S 12 HEAR TR BUR > 3 BUR TR &
B RN L E A dn @ B I B R AH R o 2 B iy S 2
HEFSE - 55 @B G RN AT RS AR A Sl F BUN a5

ES:TE

H A1l 82 T.(Kawasaki Heavy Industries, KHI) /& &7~ 2010
FRIFE H ALE B (E S & 2 i R 50k &S e R LBl SR 4L
EREERRRESR - B DU AR E B 2 [E H A - S 2015
.12 HEAT HARBLEM R i 45 SR & (45 For) - A2 AR 21
(MN[E 46 FrorR) @ s B BEANE 47 @ SR B s TR E A E
48 - THIE 2016 FFH1A7EE 10tons/day 2 Pilot Plant » 2020 5 5
PEHIFIaIR(EEE - 770 tons/day il THE 2025 B4R
SR > 7ESHILFE 238,500 tonslyear ; S3FEHTE 50,000 m® R
& 5 -

KHI 7 2014 fFE5gplrT{THERTS - TflEE nm® JRARESR CIF (H
F&4Y Ry 29.8 HIT » HHAEEERARLIE 30% » SR LB i Em A
S EEAAR 2 54% » tEBLRCAE L 8% (FELIEL49) -

2016 FV/4 A KHI 5758 lwatani ~ Shell Japan ~ EPDC Z£4H 5%
1fE CO2 gRe it fEsER T 7t 17 & (CO.-free Hydrogen Energy

N

35



Supply-Chain Technology Research Association, HYySTRA) > KHI
I —rEETE ] HYSTRA » R HYSTRA R B {FE 7 -

MHES H 7 2 FRRRE S » B T5 RIS Ry fR~T > Mr. Filby 7R
ARt ESEN/ B HTETEM - B AERERER - H2E
HHAESGTEAEE - s EREEH TR - INBUFIRZES
CO2CRC H#EfTHHRE ~ nIfT MRS - HEETE T dE < &l 72
7 BCIA(Brown Coal Innovation Australia)® 55, CO2CRC & 5 -
HEPNBURBE R CCS HHEAH o B U7 T R ZR R figamIE - Wi
HMEEGTFRE - RN NS @ ETES L aHh - BT
Bl =08 5 4H B - sHbE i E SUE R =8 2 ATk -

Australia Japan
Low-cost H2 production
from unused resources (brown coal) Use in processes

» Semiconductor , oil refining and
desulfurization, etc.

( " | Power plants
i ey 5 :;‘ Combined cycle power
, = plants, etc. v
Energy equipment ‘

|
\ :
_.‘ . = Gas engines, turbines,
S 1 % boilers, etc. ‘
Xa |

— "

| Transportation equipment
— m Hydrogen station,

{ cars, etc.

Hydrogen Production Hydrogen Transport
and Storage

[E] 45 H AR BNl S o &

Hydrogen Use

36



Tokyo Olympic (2020)
lllllﬂmﬂmmmmmﬁﬂﬁﬂﬂﬂlﬂmﬂmllma

> CCS Feasibility Study —| }

Plan, Design
Conceptual design

Pilot plant
(10t/d)

v

.‘ﬁ
Front End Engineering |
Design (FEED)

’ Operation

Constructi

Detailed design
| R&D for Pilot-scale >

Operatio

Commercial plant R&D > Planning and >D
(770t/d) Construction

46 RREE A Sl A KR
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VICTORIA|
Melbourne’.*

CDW

Melbourne

Production site
“Latrobe Valley”

80km

rbon-NET Project

.-.,LQadiﬁg & export site

Liquid hydrogen
carrier

B 47 RReE A A B E
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Length: 315 m
Width: 56 m
Depth: 28 m
Required sea depth: 11 m

Tank type: Type B independenttank  Annual delivery Qty: 238,500 ton/year-H,
Numbers of ship: 2 Service speed: 16 kts (30km/h)

H2 carrier size: 160,000 m3/ship Voyage days: 12.6 days/one way
Boil off Rate (BOR): 0.2% / day

B 48 SRR R A

Carrier 9%

Owner cost

4% LH2 carrier 13%
Hydrogen
production
30%

LH2 loading site | ¥743 6 billion
19%

Loading base 11%

Liquefaction 33%

Hydrogen pipeline 1%

Production 29%

Hydrogen
liquifier 33%

1% CO, storage 10%
Brown coal 8%

& 49 RRERAEEMAER
(t)Otway Project

CO2CRC Otway &t B S —(ErEe il — S b E 7 st
5 Dse B2 Bl a4 - HERRR ~ iR T35 - MK H R
Hitk > e FREVETERER G - MEEFEMN - ZatE 2003
TRt BT E SR - 1€ 2007 SRS 17£ A (CRC-1)MET T
B EE SR > 2010 Gk AR FEERHET TS 2 JE AFH(CRC-2)& 7K
‘a/EaE 0 E5 TR 80,000 W S BT AN A S T E S
fr > 72 CCS £t EAHE BAARMIEH - AREFEHAGHIT AR BIEE
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tHERR4E £ AF Shelly Murrell 21 » H4u#ETRE Z 2E S S EETE=I
SHANEL 50 Frr)All il GFAfi (4 6) - MR R E ZFaiL = Piagd<t (fic
BLRNE - IR ~ BN F L - ZARE)RFHESE Buttressl LEHF
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CO2CRC STRATEGIC STORAGE
DIRECTION » .

CO2CRC OTWAY STAGE 1 CO2CRC OTWAY STAGE 2 CO2CRC OTWAY STAGE 3 ’ » Engineering the sub-

carbon capture and surface reactants;
storage investment energy resource;

1o develop clean sub- biominerals;

» Validate surface monitoring » $41m investment surface energy options geothermal; ground
by understanding the water; hydraulics

sub-surface; heat flow,
b seismicity; fluid flow s
H
i e

» CO, storage in a depleted gas field » Residual trapping in saline » Validation of sub-surface fixed
» Subsurface sampling formation array monitoring

$)2011 ) 2012 %) 2013 $) 2014 ») 2015 Y FULP & 2020

» A new technology
for separating
methane from high
Hazelwood - concentrations of CO,
Brown ‘M | : » A scalable plant for
Coal PCC 3 Membrane Vales 3 | on-shore and off-shore
technologies Point PCC Membrane & applications
Mulgrave Brown Hazetwood UNO Adsorbent Otway
Coal IDGCC 3 MK3 PCC Natural Gas

technologies CAPTU RE
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CO2CRC Otway Project Objectives

*Stage 1: 2004 - 2009

v Demonstrate safe transport,
injection and storage of CO,
into a depleted gas reservoir

*Stage 2: 2009 - 2019

v Demonstrate safe injection
and monitoring into a saline
formation

*Stage 3: 2016 — 2028

v" Demonstrate safe, reliable
and cost-effective subsurface
monitoring of CO,

Otway Project H &

Buttress-1 izl (A& 54) @ FEEEETEMAELY 2 A8 R - —FRH
AR EZ RINRE &S CO FHG(80% CO, ~ 20%H)5E) » AR EEHE
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Naylor-1 B HIF-EUHN) DL T fi# CO Mg s T 5 » Wi i A Pl Bl
Ro HOKR - TIERIM T AOZA R E AT AREER « CRC-1 )2 AHHAT
CAFIFEA 0 5 1 [BEETE HATERE M 2 B TIF » BRI A2
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Stage 2C Monitoring program

4D seismic with buried receiver array
acquired concurrently with 4D VSP
+ Baseline: March 2015
* Monitor surveys: 5 kt, 10k, 15 kt of
injection (2016), 1&2 years post
injection (January 2017 & 2018)
Offset VSPs

Trialing 4D seismic with buried DAS array,
and continuous seismic sources (LBNL)

Passive seismic using buried receiver
array

Continuous in- & above-zone pressure
monitoring

Saturation logging

Energy(M1—-B)

60 (/)£ A (E) Bz =

Energy(M2 —B)

RS T R
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Highlights of the Storage Projects

« Atmospheric (continuous monitoring)
« Soil Gas.

« Seismic

* Reservoir fluids

« Validation of models in actual field tests
« Fully permitted and operational site
« Availability of CO,

« Globally unique advantage

Field Validation

Developing Novel
& Innovative
Concepts &
Technology

* Single Well Test for reservoir characterisation
« Several generations of U-Tube systems deployed
 Innovative well instrumentation

« First CO, storage demonstration project in Australia

Reducing risk and uncertainty
« Advising regulators and project proponents in Australia and world
» A go-to project

First of its kind

experiments

& 64 (fr)aft=EahhE

MET
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CSIRO Energy
Queensland Centre for Advanced Technologies (QCAT)
1 Technology Court, Pullenvale, QLD

24 October, 2016
Visit by Taiwan delegation
Main Conference Room

0930 Arrival, coffee, welcome Shi Su

0940 The Status of CCS Development in Taiwan  Heng-Wen Hsu

1010 CSIRO storage research Lincoln Paterson
1030 CSIRO gasification research Daniel Roberts

1050 CSIRO PCC research Ashleigh Cousins
1110 Lab tour Led by Daniel/Su Shi
1145 Discussion on potential collaboration All

1215 Lunch, then depart All

Taiwan Delegates

Mr Shih-Nan Chen, Section Chief, BOE/MOEA
Dr Heng-Wen Hsu, Deputy Division Director, ITRI
Ms Hsiu-Yun Chien, Research Assistant, INER

CSIRO

Dr Lincoln Paterson, CSIRO Fellow

Dr Daniel Roberts, Research Group Leader
Dr Shi Su, Research Team Leader

Dr Ashleigh Cousins, Research Team Leader
Dr Jon Yin, Research Scientist

Mr Sanger Huang, Senior Engineer

Contact Details:

Shi Su
shi.su@csiro.au
Mobile: 0408 198 025 (+61 408 198 025)
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Meeting Agenda - Taiwan delegation and Victorian Government

Goldfields Room, Investment Centre Victoria
Level 46, 55 Collins Street, Melbourne
10:00am — 12:00pm, 27 October 2016

10: 30am Taiwan delegation arrive
10:30 — 10:35am | Introduction of each side and business cards exchange

Welcome note
10:35-10:40 am | lan Filby, Project Director, Carbon Net Project, Department of
Economic Development, Jobs, Transport and Resources, Victoria

Presentation on Carbon Net Project
10:40 — 11:10 am | Trent Harkin, Technical Manager, Carbon Net Project, Department of
Economic Development, Jobs, Transport and Resources, Victoria

Presentation on Brown Coal Development
11:10 — 11:40 am | Jane Burton, Director for Coal Resources, Department of Economic
Development, Jobs, Transport and Resources, Victoria

Presentation on CCS Development in Taiwan
Heng-Wen Hsu, Taiwan Delegate

12:00 — 12:25 pm | Discussions

11:40 — 12:00 am

12:25- 12:30pm | Wrap-up

Attendants

Mr Shi-Nan Chen Bureau of Energy, Ministry of Economic Affairs

Dr Heng-wen Hsu Industrial Technology Research Institute

Ms Hsiu-Yun Chien Institute of Nuclear Energy Research

lan Filby Department of Economic Development, Jobs, Transport

and Resources, Victoria

Department of Economic Development, Jobs, Transport

Trent Harkin and Resources, Victoria

Department of Economic Development, Jobs, Transport
and Resources, Victoria

Tony Zhang Global CCS Institute

Jane Burton
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