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3.1 US-Taiwan CCS Technology Exchange Workshop
% A% 4\ % & Hotel Hyatt House Emeryville-San Francisco Bay £
A7 B RGO G35 THIIRER AT ~ & BERHAT ~ FRIELAT » 274
HREEBEHTHRENETL) - uiaf A2 - EH8EAEPRD -
Lawrence Livermore Bl £ E 8 F£(LLNL) £ HF %5 » 4t # 45 CCS &
EEMBEARA R > THBER KL AT -

# 1 US-Taiwan CCS Technology Exchange Workshop

8:00-8:15 AM Welcome and Strategic Directions
Anthony Armaly, Strategic Partnerships (International) NETL

8:15 - 8:30 AM Clean Coal Technology Development at ITRI
Heng-Wen Hsu, Ph.D., Deputy Technical Director, Green Energy and

Environment Research Laboratories, ITRI

8:30-9:00 AM Carbon Capture Technology Development at ITRI
Cheng-Hsien Shen, Ph.D., Principal Researcher, Green Energy and Environment
Research Laboratories, ITRI

9:00 - 9:30 AM Carbon Storage Technology Development at ITRI
Chi-Wen Liao, Ph.D., Senior Researcher, ITRI

9:30 - 10:00 AM Current Status of CCS Research Activities at Taiwan Power Company
Jiin-Rong Cheng, Ph.D., Director, Chemistry and Environment Research
Laboratory, Taiwan Power Research Institute, Taiwan Power Company

10:00 - 10:20 AM Break

10:20 - 10:50 AM Research and Pilot Activities in Post-Combustion CO, Capture in Taiwan
Shi-Shang Jang, Ph.D., (Hsi-Hsien Cheng, Ph.D.) Professor, National Tsing Hua
University

10:50 -11:20 AM R&D Efforts in Chemical Looping Combustion at NETL

Samuel Bayham, Ph.D., Research Engineer, Thermal Science Team, Energy
Conversion Engineering Department, NETL

10



11:20 -11:40 AM

11:40-1:00 PM

1:00-1:30 PM
1:30-2:00 PM
2:00- 2:30 PM
2:30 - 2:50 PM
2:50-3:20 PM
3:20 - 3:50 PM
3:50-4:20 PM
4:20 - 4:50 PM
4:50 - 5:20 PM
5:20 - 6:00 PM

Mixed Metal Oxide Oxygen Carrier Development for Chemical Looping

Combustion

Lunch

€O, /Brine/Rock Interactions: Experiments and Simulation Study
Yee Soong, Ph.D., Research Scientist, NETL

Imaging CO, Migration in Rock Cores Using Computed Tomography Scanning
Dustin Crandall, Ph.D., Research Engineer, NETL

Rick-Based Monitoring Netwark Design for CO, Storage Sites
Ya-Mei Yang, Ph.D., Research Scientist, NETL

Break

Storage Site Characterization in Complex Tectonic Settings: California Example
Elizabeth Burton, Ph.D., Program Director, Carbon Sequestration, California
Institute for Energy and Environment, University of California, Berkeley

€O, Capture R&D at the Electric Power Research Institute (EPRI)
Adam Berger, Technical Leader, EPRI

Developing the Carbon Recycling Industry & Path to Negative Emissions
Matt Lucas, Ph.D., Associate Director for Carbon Capture, Utilization, and
Sequestration, Center for Carbon Removal

€O, Capture R&D at Lawrence Livermore National Laboratory (LLNL)
Du Nguyen, Ph.D., Postdoctoral Scientist, LLNL

Cooperative Adsorbents for CO, Capture
Rebecca Siegelman, Ph.D. Candidate in Chemistry and Graduate Student
Researcher in the Long Group, University of California, Berkeley

Discussion

11
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Wicre-CT Structure Scan

AR RHALE LS E DY ERMN » Micro-CT A 848488~ 6 L3
Bl 7: 4 CTHEER

Mount Simen Sandstone micro-CT scan
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NETL #94% cBEh K S4B 11 Be ZE A4 & LR ZEIFHEINIH
M RFAEE - BB ISCO R AIEHE B AU B R B A& AFER -
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Dircction of Flow

12 By BRI HFRER

wB 12 8- EARa5EEH%EN 2D B4 > BIHEXY & HRME
S RAEYZ FRISSCHAE TR AREE Ao At i BoR K
Poo B R B R RN B A R R A BRE K 0 R
Bl A B KA BT~y BEFE TR s TR
AL B KAE 2 BT A W FUPR R R A Ae 0 B AR B KK AR BUR LR e BUK
HREHR A s EENBARLE P EARE BB ERNEHL RN
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B 13: Znged

ELA BRETRAO2I mDWABEER  IWET Z IR 2R EE %
mlda A A SEM Bl R BB R TEEEIL s ASBE Y @R EL
REBBERARFHAMA » AER LEAE - 275 BCELEGA—
A28y O 18 SEM Bl % » &AL - AR L — & PIRE AL C 424 19 1416 09 SEM
Bl s~ B AR L TROEWER METARER ERBARHMASY -

Top $CO:
Scan

Bottom s¢CO:

Scun

Top Liguld
CO: Scan

Bottom Llquld
COs Sean

Bl 14 BMARETHS s ERFHER
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RS HEFRYBEALE 14 b CEMER BT YRR TR
BT o ik scCO B » B A RERE COFRIE - BebiFhiay
IR Eeg - (1) sk ey BRI FR ~ 2) RATHEMEESFH ~3) T
e PR EEE R, -

sontact angle image processing A)
Raw Image and B) Image] Non-local

means filter,
[ | Tnp 8cC02 Scan Bottom 2eC02 Bean
40%
& a0%
oy

20%
i I| Ill
0%

30 36 40 45 80 65 80
Bine (8%

Contact angle distributions.

15 1 scCO A B & £
155 LAMBFHEATRANEBEREEN TR  REASYEREAS
RF BB REF  BRscCO,FTRARIORBAERRE  KIFHT L
TREHE 0 PP A 411 +60 B 0 P ANE - RIFRRD B
BRI BB AE3S 60 B M MERE S 0 B I 0
AAESFSS B AEB G SEEEAM A RFHTHE
FIMIBARR - A EINILH) scCO iERIE A T -
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» Measurement Methods:
O Imagel Angle Tool

O Tmagel XY, XZ, YX-Plancs
R~ )

- -
—
100 um 100 pm

== XY Planw X2 Plane —-+—YZ Plane

€ & 10 16 20 26 30 35 <0 45 60 56 &0 &5

» PerGeos® 3D Contact Line
Method:

O Andrew et al. 2014, Scanziani et
al. 2017, and Lv et al, 2017

16 ¢ NETL iE 4 #4789 Micro-CT 345 A& T 4(1)

16 F45 F 4 & ScCO, THSF scCO, 4 5 18 5¢CO, £L8 » L PR EE A
M EERE  CEBLBRTZEFHAAET bR =ZEFHFT LA E
micro-CT B & ey 8 B & » B0 kP AR A— B8 L EmeglEdnlg (8
otz Arae gl e Tudek 5 A ) » iFkaEEAmAEZATFa  $RAEZFa
VTR AR AR R0 A B o B AR 0 BURT TR @ Andrew et al (2014 )

Wik s BP AR BES  EVRAMEIEBE  TAEEANE -
RAERBHBATEBELZRY  URELERZFTEALRA -
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= Brine
B Berea

B scco,
' ContactLine

ImageJ and ilastik steps to obtain contact angle and segmented
data combined with contact linc voxcls.

17 : NETL iE 8 478 Micro-CT 345 B T4E(2)

& B B R A Image] #v ilastik B B &L EAHFHBREITE

» ARE AL R %5 #4 ilastik Fo Image] B B #1ib@E MRt F 87k B

e Image] P @K - 4 A ilastik fF o i o E - &R EEE X

ARG HEERIFEAR R REE R B RE SRR T 0 FAk
AARBR G EHILF L -

3.3 Petra Nova g8 s RF L
2017 9 A 16 A & 23k & K 0 18 55 3 & 3% 5% Petra Nova CCS B35 4

By 2b g Petra Nova B4 8 & S M A R A S A M RAESRE A E 18 A7
T MR CCS R+ 1388 2R (DERPE - QT ENK
SEEGMBAMEMRETE - (DF KEEh _ALgt g€ ~ O)harmE #
Fo o P e E OB EEAE - (NBAHITFRTHE -QBBEEY TH -
O#F T A - (10OEPC B - SR &R ETHE - (1D)@BE 5 FNERESE
Basd  (12)ET W& - (13)ES R -
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18 : Petra Nova K 42 32 8 3 % 37,50 3% i 48 Bl 3% 5 RE s g0,

K5 4% Petra Nova R 42 ¥ AR 2295 [0 (R 22048 B 3Rty ROE S o ) 19 3
RUBAA 2017 9 A 16 O B2 5 K 89 ¥ 14 9% 3% % 3% %6 Petra Nova CCS
Bk » Petra Nova #2016 $£ 12 H 29 B B%:E4 - NRGH 2017 %1 10 8%
WEEEE HEES  BEB SR UEE o7 5200 - A4t WK 0958
AR he BIYIGHEN LA R > L5 AL HBRB LEMMEENT 26
¥R = a4t -
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19 : Petra Nova B 48 35 %48 235 18 B

W

7,48 BE SR M A IE R4

PetraNova ¢35 T 2B - ME RAMEAHER > REERAER A
bk — AL e P @ A BEA AL A A F BRI @l ey i
LB EENAod i Edh o LB AR B EEIEE o Petra Nova 3188 £ B B 4 Kb
HEHERIGET @ EmEE 0 ZBEBER MW T IR EEE SOMW
JE BOOR G40 B fF 2 8 2] ERCOT W35 0 o B 20 %38 & R b 4Rl R ek o
EZB ' B 2] APctraNova B E ALK ER -
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WA Parish 90% CO:-free

Electrical Generating processed flue gas
Station e
CO: capture H CO:-0il Separator
system .8

CO:return

Flue Gas with CO: / "&

80-mile Pipeline
Qil combined
with EOR CO:

Pure CO2
for EOR

< L
Naturally sealed
formation (Reservoir)

B 20 ¢ 3 5 B iR B AR S B

Cogeneration
Absorber e

CO; Pipeline

Petra Nova Carbon
Capture Site —
Compressor

Southwest of

Houston, Texas

Quencher

Flue Duct

nrg X

50/50 Joint Venture of NRG Energy, Inc.
and JX Nippon Oil & Gas Exploration

21 : PetraNova s & A % B
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EMEBRY 0 F—F ARG BB RMEST 2000 ft &) 16 1t 3535
BT E PO ATHEL TENESRFNAABETRE - Bk
A ESERAE NS BARERMATHBAKRSER - B4R 8 R
MBI E = RALH - AT E RS B TRE o B =320 I He R

% BRI FR > AR Z BALR LIS B R B & @A RIS B o
BEBEREINBESY  AUBLES T SENBEE - T CO FoiE B 2
WEs > COARLEBSHRIVVARAE  RINETERESTHES CO HEHR
MO E R RS R 90% 0 —Riba 1% A 8% - FE  HHAMBNK—6BGEHRE
A ¥ ) West Ranch 7 @ fiyix 1900psi REE R — A /bR BB E AR THERH L
BREWAERATREERE RB LT ERLREMFL AN - E 22 £ WA
Parish & 8% 7§ Petra Nova CCS % & #y3% — f1b#i 1% #yix £ West Ranch &4 ® 1%
#2 o

Virtually no CO,

) l 99.9% Pure CO,

Solvent
w/o CO,
2-mil ipeli
82-mile CO; Pipeline,

|

= W.A. Parish — : i
B 22: WA Parish & 8% 7§ Petra Nova CCS 3% & #51% = fi/b%L 4% #ri% £ West Ranch
é}] .'d? W i fi
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23 % Petra Nova CCS # A = # & T (MHI) KM CDR Process {# & #yi% =
AALRERE  ZEFIRBAAL > AMEFT RS AR DWERHE > =%
gy~ AAbs B TR A i e S FRARIE R TKS-1MER]T fo— P EA
B SR AG= R ELHMEE N NG (HE) &R -

Bk M o I K A 8 431 $145 ) KM-CDR #4757 » KM-CDR & & 1990 4
DR—HRARHERRGEERA > LA S A0/ R Bk RARIER
2006 & > Z# F1fv A K J-Power 23 £ A KGR BHEEHMELT 10 E
WA/ RN O AR o L MEA 48k > KS-1 34§t MEA AR B4 F 45a) =
fbamfo e 2 R 0 L HBEMEMK > SRR TERARER B

BARAGEAEAE KS-1BHET RS F SO NOL(EF A lppm) »
B pb % & LA ROEATHM A RER B RN BAEZR - Z ELH
KM-CDR &3 % & MEA #5 6096 > B4 it & & MEA 69 68% > /EE|48 K iv %42
HMEA# 10% - Z 8 FLEARIBELTE > BHATEREEBERE RK~
1200 Btu / 1b-CO, (2790kJ /kg) F4&2] 800 Btu/1b-CO, (1860kJ /kg) @ «

90% of CO; is recovered from the flue
gas by contacting with KS-1™ solvent

Treated C0O, Compressor
Flue Gas
The flue gas is cooled I - I
to a process deswed Compressed

temperature CO,
Regenerator [ 1 4,776 mtpd
Absorber C.W. (metric ton per day)
4—— (equal to 5,265 short

tou per day)

CO;. is stripped from

KS-1™ solvent in
M lIl Energy the Regenerator
Saving System

=) ] ] L L.,.._g....,,

23 = % F T (MHI) KM CDR Process 3 % #i% — 8 /bw & #2

Flue Gas
Quencher
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PetraNova CCS B B 3% 0o & 748 £ 2343080 » (BB R PrEEAK

JE R AL X B %ol 24 o 0 (2)320 1t Ha9RILB aE S B d
BIE LR 0 LR e = RS SLIA B K F & AR AR a9 RS > o B 25 AT (3)
FEREKS-DREBALEBY > EZHLB T > BERBEER @ BIK CO fuik
Bz EeEs  COARLEBNRIFMARAE » TR T ER L9 86 CO,
HEH BB AR RS R 90% 0 —Adbax 196 0 8.8% » B AR E 26 AT~ 0 (4)
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Imaging CO, Migration in Rock Cores Using Computed Tomography Scanning
Dustin Crandall, Ph.D., Research Engineer, NETL.
https://www.mhi.com/products/detail/km-cdr_introduction.html.

DOE/NARUC Carbon Capture, Storage & Utilization Partnership Webinar
Summary. “Petra Nova and the Future of Carbon Capture”. March 23, 2017
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