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high efficiency, low emissions plant
developments in carbon capture
SOx, NOx, mercury, and particulate controls
low rank coal utilisation
policy and financing
social acceptance
gasification, IGCC and IGFC
underground coal gasification and coal-bed methane
high-temperature materials
. advanced power cycles such as supercritical CO2 turbines
. coal to chemicals
. efficiency upgrading technologies
. fluidised bed combustion
. biomass cofiring and co-gasification
. coal characterisation and blending
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£ 11-1: CCT2017 7572

The 8th International Conference on Clean Coal
Technologies (CCT2017) Programme

The I’.'iﬁl'llll iIill’.'I"I'IBliIIIIﬂl conference on i
Glean GCoal Technologies stz welv
Monday, 8th May 2017 Registration & Welcome reception

Tuesday, 9th May 2017

Hall T1 \ Hall T3 \ Hall T4

09:00 - 09:30 | Welcome

09:30 - 10:30 | Keynote session |

10:30 - 10:50 | Coffee break

10:50 - 12:30 | High-efficiency plant | Biomass | | Chemical looping |
12:30 - 13:30 | Lunch
13:30 - 15:10 | Power plant operation | Biomass and Combustion studies

industrial CCS

15:10 - 15:40 | Coffee break

15:40 - 17:20 | NOx controls | Biomass |l | Gasification

17:20 - 18:30 | Poster session

Wednesday, 10th May 2017

Hall T1 | Hall T3 | Hall T4
08:30 - 09:20 | Keynote session Il
09:25-10:45 | IGCC Fluidised bed Particulate controls
combustion

10:45 - 11:20 | Coffee break

11:20 - 13:00 | Coal in alow carbon | Mercury controls Chemical looping Il

world

13:00 - 14:00 | Lunch

14:00 - 15:20 | Supercritical CO2 CCS: Sorbents and | Social and
power cycles membranes environmental

issues

15:20 - 15:40 | Coffee break

15:40 - 17:30 | Panel session: The energy trilemma

4




Thursday, 11th May 2017

Hall T1 Hall T3 Hall T4

09:00 - 10:40 | Carbon capture and | Materials and Lignite and low rank
storage corrosion coal

10:40 - 11:10 | Coffee break

11:10 - 12:50 | CCS: amines Pollutant controls | Underground coal
CCS panel session gasification and coal

bed methane
12:50 - 14:00 | Lunch
14:00 - 15:20 | Coal conversion Oxyfuel Coal beneficiation
combustion
15:20 - 15:40 | Coffee break
15:40 - 17:00 | Closing plenary session

Friday, 12th May 2017
09:00 - 17:00 Technical tour
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KN FEFFAHEE The 8 International Conference on Clean Coal Technologies
CCT2017 > WissFeerakam oL > BRI AL ~ (BB B R il B B P4 & B T B TR 4
At AR 7y nl R B =Y N o -

(—) CCT 2017 k&

% 8JE CCT Jjt 2017 45 H 8- 12 HIEF AN -REFH[aE (Cagliari) 277> 1 IEA
VR0 (Clean Coal Centre) E¥F - il & & H B it SOTACARBO (Sustainable
Energy Research Centre) fi7 B 22 ¥ 5 55 82 5% SANDVIK, Kawasaki, AkzoNobel,
VGB/POWERTECH it 2 &) - S LB B AR 0L TR - RIS - it
FEAR ~ KT AR ~ SARMBEMARI & - BRIV ERR R ~ STAEE ~ FBILH
FVEREE ~ FIDET S TERIMAE - RGeS PR TR B - B EA
S R SRR AR R B B R K

CCT2017 &R E 5 H 8 H (2H—) 18R » ZHEEEHYE RtE - i
ENGETEAE - BRIEES H O H (BHZ) B 8T AERGFHERER
fabA - HEEGAE (8 -1~ 111-2) - FE& T TR = Keynote 5% - CCT2017 HYREHE
7 Ry R ek (Plenary Session) ~ Gl LIBHEEFR « RBEH M URoR =817 - HFR L
NEEA RTINS LURER (B 11-3 ~ 11-4) - FHBIESARR 7> EE Rl i A
e

1. Plenary Sessions
R 2R Keynote J85 - GG ZHRNY - fE 2 =5 EAY2iG
&%k (Plenary Session) 1 > 552 fERiE; Keynote JEiaE © S EREGH B 2 B EL#E%
BATR

Plenary Keynote Presentations

K-1.1: Clean coal in a post-COP21 era

9



Jean-Francois Gagné - Head of Energy Technology Policy, IEA
International Energy Agency
France

K-1.2: Smarter. Cleaner. Steam Power
Ashok Ganesan - General Manager of Steam Plant Solutions,
GE Power Services
Switzerland

K-11.1:Thermal power sector: Challenges and opportunities for the Indian

power sector

Partha Mazumder - General Manager
NTPC Ltd.

India

K-11.2:Opportunities, challenges, and priorities for clean fossil energy
Mr. Scott Smouse
National Energy Technology Laboratory
USA

A R R R RIS 1 ~ Rk UK o AR B R Y R S -

(1) Clean coal in a post-COP21 era ([&] 111.1.1-1 ~ 111.1.1-2 ; & 111.1.1-3 ~ [11.1.1-24)

HHIJLH R R G R GHEFE (Plenary lecture) HYE fiLE % M
Jean-Francois Gagné 7 5 AR > £ IEA 1#4#HY Head of Energy Technology Policy (&
111.1.1-1) » EHEFE B “Clean coal in a post-COP21 era” ([&] 111.1.1-2) - 3% @3 EHEL
BRHE L F B Y E 11.1.1-3 ~ 1H1.1.1-24 Fis e

%R L WA LR AR % COP21 SEARYERERIR - B MRS
Renewable Energy 2016 ~ World Energy Outlook 2016 ~ Energy Technology Perspectives
2016 ~ Tacking Clean Energy Progress 2016 -~ Tacking Clean Energy Progress 2017 % »
HP AT

— Key points of orientation

+ The energy sector is key to sustainable economic growth

The global energy transition gained momentum in 2016

There is no single story about the future of global energy
- EBEBLCRERFHE M
—  (EBRRETREEL R ESET - B A E (1L
-  IT=F2EK CO PH K4

10



- REJRATHT AR E ATEIRE RS
2DS HIHKERIE R Bl - FRESTEROAHE -
E¥riREIMEL S -
WREARAC S - 32T 1500 ~ FffiE CCS ~ [R{REA -
SENAEEYIELSRER - LUKEH COz PERL -
EE R bR B (AR < FLEEARRE - B R T - R DRI AGEER -
-  BEREFERINERRT R |

(2) Smarter. Cleaner. Steam Power (& I11.1.1-25 ~ 111.1.1-26 ; [& 111.1.1-27 ~ 111.1.1-36)
HBJLH R BB EEEEE Mr. Ashok Ganesan #K H s+t > & GE Power
Services i\ General Manager of Steam Plant Solutions ([&] 111.1.1-25) » H s M
“Smarter. Cleaner. Steam Power” ([& 11.1.1-26) - % &% BRSO RHE L T 50
= Ny E 1.1.1-27 ~ 11.1.1-36 Fios »
2 L NE LR AREER - BPNVRRBRE - ANERHENT
- EERENEFRIECEEAY |
—  REREERE GRS
WAL TS A AR TR KA T - EZACEHEIRE ~ o~ g~ ...
GE fE7 S B SR Z AT
EEEE?
GE’s Steam Center of Excellence

— The winning equation: leading Efficiency, lower Emissions, better

Economics!

(3) Thermal power sector: Challenges and opportunities for the Indian power sector ([&]
111.1.1-37, 111.1.1-38 ; 111.1.1-39 ~ 111.1.1-60)
A HE EfREE#EE Mr. Partha Mazumder 2K HEIFE » & NTPC Ltd.f#y
General Manager ([&] 111.1.1-37) » HEzEZE A “Thermal power sector: Challenges
and opportunities for the Indian power sector” ([&] I11.1.1-38) - 5% &%~ EEBLERHEZE
Bl F B YR alEl 111.1.1-39 ~ 111.1.1-60 F7s ©
2 i NS T BRI ED K 1 2 BRI HRER B - H NS SEL |

11



— ENEEDEFINIMEE — R — RS
- HIEE % 2B AR Z5EE ]

- HUEIEEIT 2 EE{EF (initiatives)

- BRRERZERE

(4) Opportunities, challenges, and priorities for clean fossil energy ([& 111.1.1-61,
111.1.1-62; 111.1.1-63 ~ 111.1.1-84)
T+ HE ERZREEREZ Mr. Scott Smouse 27 - USA Department of Energy,
Office of Clean Coal & Carbon Management 2 Senior Advisor ([&] 111.1.1-61) » HJEE
F:78 & “Opportunities, challenges, and priorities for clean fossil energy” ([&]
111.1.1-62) - %88 NS HEEERHEEE 111.1.1-63 ~ 111.1.1-84 A o
2 E R NE FRARIER B EAETRERS - PR - IBERE - HAR
AT -
- ERbARETREE 2
—  RARERE Rys BRI 1 SR & 2 BRI R
- ERIEEFHEZ CO, BT EHE 2005 [#{K 12%
— =[] DOE WY LA Re i B BERHI
« Advanced energy systems
Large-scale carbon management projects
CCs
Tech. transfer
Strategic petroleum reserves

Oil and gas R&D
— Transformative R&D: sCO»

— BASESEMR
- KEIREH

- RS

2. Technical Paper Sessions
CCT LI X R ERBERE 5 B = (5L FIRS &7 = (E T8 DiEHh

SEERR - B RHREN E TSR (Lecture) » §R L~ FHEFETHIKE
12



PARSERS » Fotra s pial-- 7R, » Bim Rt aER - BNERESE -
R sk T EOGHRARI AR ARSI LARR A

v Gasification;

v" Chemical Looping;
v IGCC;
v

Supercritical CO, power cycles.

(1) INER 7£ CCT2017 K& [1gH#%5%

TERE CCT K& - AFmFRER AT #E T N E R R “On the
evaluation of ilmenite as an oxygen carrier for natural/synthesis gases in
chemical-looping combustion” » #Z2HE/E 5 H 10 H (E2Hi=) Ay B
APR RIS > BRI R SRR AE ARG IR Z RS BRI 7T - RS iERE R S8 2
Bl o JHEEN S REANE 111.1.2-1 ~ 111.1.2-12 FoR - SEFEBEERERAR 2860
Fo ERAES G E SR ZIEN G IR A 36 2 [BIRESTRT ¢ ARAREC AT #E DAHEEN B PR
EFEE » FEIEEIF RS B ey ER M R A e - LR OER g HE
B RN ERE R SCH -

PG EYINC IS RN

Climate change is a real global problem and is caused by multiple factors, one of
which is greenhouse gas (CO, predominant) emissions from the combustion of fossil
fuels. Chemical looping combustion (CLC) is a combustion technique where the CO,
produced is inherently separated from the rest of the flue gases with a considerably low
energy penalty. For this reason, CLC has emerged as one of the attractive options to
capture CO, from fossil fuel combustion. The combustion process via CLC is divided
into an air reactor and a fuel reactor. Between the two reactors, specific metal-oxide
particles, called Oxygen Carrier (OC), are used for oxygen transport. Because OC is the
main additional operating cost of the whole process, it is proposed that low-cost minerals
such as ilmenite can be a candidate with great potential to work.

In this study, ilmenite was tested with methane in a bubbling fluidized-bed column
as the reference case for gaseous fuel. The trend of conversion ratio of fuel shows that a
low flow rate of 6 Ipm (liter per minute) outperforms for most of the time the counterpart
of the case with a higher flow rate (10 Ipm). Also, for the low flow rate with preheating
to 400°C, the conversion ratio does not rise significantly, or rather is very close to that for

the case of 10 Ipm without preheat process. Under different concentration of methane,
13



the results show that the reduction of concentration can improve the conversion ratio of
methane.

Furthermore, a simulated syngas as fuel was tested with the ilmenite oxygen carrier
by similar method for parametric studies. Comparing the trend of conversion ratio of fuel
in different flow rate, the low flow rate outperforms the case with a higher flow rate.
Simultaneously, the conversion ratio of syngas is also better than the result of methane.
Finally, a 10-redox-cycle test in a bubbling fluidized-bed reactor was examined that
shows the natural ilmenite exhibits high reactivity for the syngas.

(2) I CCT K& rhags ~ MHRHAVAR MR
A. Chemical Looping Sessions: ([ 111.1.1-13 ~ 111.1.1-36)
(A) s (D1-T4-S1-P2): AZm-ZH Instituto de Carboquimica (CSIC), Spain
AIWFZE N B85 EeE T R “Performance of Mn-Fe-based Oxygen Carriers in
Coal Combustion by iG-CLC and CLaOU processes” - j& & N & 48 2 4/ [E]

M.1.1-13 ~ 111.1.1-18 Ffi7s »

ATAFAR > T (Clean coal technologies) HYFG KanfZHi - JLEEIERE(E
o 7 SRAS DRI EIR NI - PABEREHY — S bR E R e R T &4t
e fee Il PSR R T 2R ARERARIERIREE (CLC) Reifful(RAE AR AEAR TPy
IR CO, E HHIHERA - Frf A bHE SR H—E B A LYF Rk
AE TR - (B A LY E M (EAE G BRI Ao A PR S i e 2 Tl ER - ARk
[oiggsth > B LR CO2 M1 Ho0 - (fiskE AT HEIR » E/KHS BERF » FEE ffit
Ty CO, HILURE Gy me - 2412 - IR AV S Aa it 222 A S s T > I
FEZERPHEAEL -

CLC Bfiry/E R iR ECin-situ gasification, IG-CLC )- SR PARE YR -
R ZE S > BOIEE AR AR S S T YER R & > 1 Ho0 A1/ CO, #
TERAG BRI RALT - 315t B AV B SRS 2 s D (Fe-ores) B TR REZE A (1
41 redmud) - 2810 > (EH B E@HIE R R S FE MR s R B (S - A0
S B SRR R U] - I H B A TSR — N0 > SR AR SR Y R
fl (oxygen uncoupling) 1775 > #ebTFElE Ry CLC Hiffa TS AGHYRIAE - FAFE
Psram Bh A 224 E% ( Chemical Looping assisted by Oxygen Uncoupling, CLaOU ) #I
FEELELHY IG-CLC 2R - HAEHRINR PR - FFEEEASA R DAIIERL - 7

14


https://aiche.confex.com/aiche/2016/webprogram/Paper462787.html

117 AT PR (B S e w3 Y RS RIAR BRI BOA -

AHFE RS RIS [F]HY Mn-Fe siliEAG/E 500 Win 878 140 /N P 27 R f
BEPABERYT By o Y CLaOU B i RIS Z5 a2 AT © (MnoesFeo aa)2Tio, 15033
FI(Mno,77Fe0,23)304 » EEEHTHY IG-CLC TUREMELES - FRaT S AR FIR(TE0RE
RERMFT A BRI E WP S ESDRE ~ [ERGIERER - 22 R ESSHTRE -
DURAEZE R A TP RIS R 2558,  §5 R343R > CLC m UM (s F B S ek
BIEEAECERIERRIT - HAESEHE R SETZ T KRGS 2R

SCHE ©

(B) Z (D1-T4-S1-P3): Azf = Universidad del Valle, Columbia BYEFZE

NE#F - HiETE R “Selecting a Low-cost Oxygen Carrier in Southwestern

Colombia, and its use in the Insitu Gasification Chemical Looping Combustion
Technology” - JEHEEN A ZA0E 111.1.1-19 ~ 111.1.1-24 FR -

AL IAEE (CLC) of - #i4E 3G (OC) EaxBfRay FEEMHRE > - K
%4 OC K N L&A - G EBELYBUBIEMEIEE& - & HERSPA
HHEF - OC HyfE S EL CLC 2852 R A EE AR B AN = « RIEL » EH{EH Mn Fl
Fe HY(EREA OC HYBHER ALY o HR B> (E RS AR ZERE R - IILIER] CLC R
HERRIEHA BE EEEES -

TR H - W58 T — R H R EREIEY > HEASW aE - %
RIlEE 2 (¢ SHm b an PE A BB AYBELLIERBERY 8 TlmEY) s Iy - B E h A
SRAIEE o DU - X G4 EAIE A CHy HYENEE 73 AT i T B SR AR IR o5
1 SHIRE Narino H[IHY Mn B8Y) 23R ETT Ry - BA RSTBIFGRE -
3. 2% KA R ERE ST » 80 PO S EMEZEF 8090 HYIR(RIE L - Ky THE Sk
HIREPRIERE » /£ 1050°C NEERE T 4 /NEFAYAEEE 2872 (calcination process) » {51
AJl ASTM 75 LB ke (attrition velocity){i¢ 7.6 [F{KF] 5.3 -

IR YVEAE Ha M1 CO JiEEAE CH, iR EE BN - 1E(HE F4af%
A (shrinking core model) Y& JEEFE 56 135 —8h - 1F 950°C | » 1 50 ZXA&
B [ CH, > CO 1 Hp SRS L AP T o3 LR A (LIRS FE B3 MG, -
GERET 0 FH CO M1 H B F B AFHY S E - R » PREEan s 2,960 /N -
MR E I L CH, (RS AY#EES - I BN &8l CO Ml Ho&hey - HEBHSTEING T,

15


https://aiche.confex.com/aiche/2016/webprogram/Paper462787.html

aFHfh CLC firfili (CLOU) 25 - {HZAF 950°C » 1000°C #1 1040°C - {4 N
TEREIR ARG - BI(E 10% O fE RS LRASIRIT T AR CLOU & fERYE 4= -

HREEL CO M1 Ha HY BRAFMERE - TR L RALBEE PR AR (IG-CLC) Riff
H (ol FE 51 2 JRE PR P s BATRHAE 900°C > 950°C 1 1000°C FY & T SFAhis% Ak}
ShismE - WHVEEAEIR S T AORHEIT R MERERT Mn SZEME: - thoh - B EL Ha A1 CO
Y BRAFT R H Ry 1G-CLC R ifTAy AT EERY OC -

(©) Zm L (D2-T4-S2-P1) @ AKEw S H Technische Universitdt Darmstadt,

Germany BT A B 2835 JEaE T s “Long-term pilot testing of the carbonate
looping process in 1 MWth scale” - JEzEN SR 4E 111.1.1-25 ~ 111.1.1-30 Ffy

e
ikl s5 4eliEs (calcium carbonate looping, Cal) AT M = H IR RSl
PR A A DR AT 5 5 T R B A H o LI B R iy — S8 (B HERY - Cal 72
FrHURREERAE RIBA - (EIR(RLY 690 - HAAth R B i C IR E — S Lk
KR R AR R AR B (K - (O RI(EAE &Y CFB B4R R
TEERUERY Cal Ju BRI - Hrh2eg AT CFB 2ty A H AT -
DURARIE Ry 1 HE R (1 MWy) BVEEAYRREL (b 25 (carbonator) $2 (R 4655
(flue gas) HYME T~ > BLLE R EBEERRTARE - #HES O HYFEERIEE
SRATEEA S S (bR E WA (oxy-fuel) R - RIEREHHYB AL X
TR R SRR - 2B NEAEE e CFB 520 NiEfT 77 3000h LA L » Hrfr Cal
Hy A bhR &R 1200 h - BIE TIEe T EEE 1 & sl TRaE TR
{E- R BTG ROV E SRS R - 15 estBn TR A IELE - SRR ESERUE R
FITSRAUE W78 TINRHEEY ~ URIFFA - i SRAH AR ~ B Es st AR E R
RHAAEER 2 - S Sk AR R L E Rkt » RS2 60 /NIFHY
IRFE AR S B EIRARREIRMT: - Rl ERT A FIRIE S8 MR HTHIS Y
RN - PN ESRE ~ #7eit (make-up flow) ~ BEIEGTEERR  FE(EHUE
Bl N L Y S i > DA ZE FBESE RIS RIS Ry 25 (B3R - ke (bas
1 CO R = 2E 9496 - difie A bk (RESAEfRRRETT - MEEiE TP EIARhER
BERE I A L) SR 969 - HIL P RS Cal FRFFAY {7 -
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(D) & (D2-T4-S2-P5) : A L Hi SINTEF, Norway HYRFSE N B887% - 8
TR “COMPOSITE Process: Highly efficient IGCC power generation with

CO2 capture by integration of CLAS and CLC” - JEzEAN R E40E 11.1.1-31 ~
11.1.1-36 A~ °

HE SRR PR BB AR PAEE (chemical looping combustion, CLC) AI{EE24E
B 724578k (chemical looping air separation, CLAS) AR & S st 4s & B8 &
AR [EEIEER (integrated gasification combined cycle, IGCC ) & &5z - CLAS B
TCHI R R ZE SR - RETR R E R BB R T - AAMERIZKE CLAS
HITHRERMI CLC BN E(LNIFREEEL - ERHIECE A& CLC-IGCC i
B RSEEE T (RIHRAREEERS) -

AE IR S A LA SRl T Y £ SRR PR o b T LA — (T
FAH 2 M B A TE L DB - BES B HRNAAY 45.406 3 BB A1 95961 CO;
R - BRI R 22 R 0B (CLAS) SFESSNIE SRR LS A EE 1A
J% ( packed bed chemical looping combustion, PBCLC ) & fE 345 & B &R EE
fER (IGCC) &g TR EH - Bt Fw bRl LA = TSR - & (A rE
FALHY 2 RPN - TRECERIER T 2% - (HERMH{HY PBCLC-IGCC %)%
E T 2.3 (EE R - ChEE AR — A bhkIfERY IGCC &R S 7 5.7
E 778 A - COMPOSITE 28R AR LS CLAS SRS MEREHTER EA R -
5 R R L% T AU AR e 4R 1R AH BRI Y A B E T Er PR (R A S S S B Y VB

o f

COMPOSITE fifzf th HY 1 Z AR PR AE 222 5A (basHY CLAS BTHYH T
i PR AR (~15mol% ) - EEEGESRIATEMERE - fizminR it
FEAVAESIENL « (RIE > VB EREATRE SRR - R BRI R &
SROE LS B PREE: -
AT T {5 R SR ERR B R BRI aRs CLC F1 CLAS ZEEHIE
IR MBS 4H G HVHE & TERRI R0 BT ERR A © M S mraF b ey 22 SR o B BT
M-A72& CLAS K=Y CLC-IGCC J5iALL R e #ERTIREE AT — S i Sl
(Selexol EdEibARIS IR & ) #EFTEEEL - Batim s BRI R E HARR
PP OGS SRR VEAE M < By CLC 1 CLAS BT/ TRHE4NRY 1D [ iEastEiskt -
DIt Rttt 22 26 A5 LR S8 e TH VRN - AR S i st LU B E X AR iAR
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TNISEERASESE - DT EFTSRIHYEL AR -

B. Gasification Session: ([#] 111.1.1-37 ~ 111.1.1-48)

(A) S (D1-T4-S3-P1): Azm~CHH TU Freiberg, Germany FYRTFE A 22535 »
A FRE Ry “Towards high-fidelity simulations of coal gasification” - J& = N &4
N 11.1.1-37 ~ 111.1.1-42 Fiiow e

R (Clean coal technologies) & e fE 250 ISR S AVET R LB > fedyAE
TEFEUHIZE S8 2 AT MEREFIHRRT - R RERY S EE (LES) fEfRERER ER ot H

B > [N e PR 2 R S VIR G Bl I 52 -

HAR > BUE FRANS 2 P R AR SRS SR T Y 2R SRR » 2811 > JaE{eR
FEEL TR BN R LAY E A B > R SR e B AR5 RS R B SR
EFAEAVEREE B0k - R R 134k (devolatilization) FIEE AL - {5 IS [E]
TALSR T ABEE A A PR RS R R 7R A DUBHEARR. CFD 1R TRAA -
A > BERENRHE 28 & HE M LES BB R LHTEAT B

(B) s (D1-T4-S3-P3) : A& TU Miinchen, Germany HYWTZE A\ & 2%
Z o EE#E T E R “Reaction behaviour of fuels of different quality in entrained
flow gasifiers” - JEEE N A fEZEA0E 111.1.1-43 ~ 111.1.1-48 Fx -

ARt (Entrained flow gasification) stEE > ~ WARFE BER SAY [FRPATE
YIJTTE » Bt R ER S Y BB IR o K TR AR R LR ey b EER R R
R HRACSER BRI TR AR RHY B - e e M E IR bR s B
BT Ry » Ry T IR B T2 R ALIEAR (A R N33 AR RVER 82 - SRR Z AR E
BBE - 5550 IR EARHEE WIEENE ~ Iy & 8B BRI T R > WA 2 EE
[ P o R Eh R bes P HYEE ] o (0iELh n] P R Ehm LAY —
TR T Z 2 AN EAEIHREEY)  HIL - AR M E TSR AT EHE

T DUSHRERE S VIR T Rivassm -

ZBHFE AT FIEEEE TR EARE (A28 ~ 1A ) AVRIE T R - TERER
el RERE IR AR G FE AT B B e AT R SRUB A = R (= i O i S s A T Y
2N MBS TIRE S 1600°C » K7 fEgs T Y5 & (atmosphere) i LI LARRE. > LA
TR R A PR E RS SR - R bREETRIEE R - 2ITE
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HERIIE AR (chars) HUGSIERHE (BIANRIET) - Lo - FEERE
It Fe R R e LIRS A HIBN S8 8% (intrinsic kinetic data) - BI47G{LAEA
[HER Ty - et A R R A R R SR SRR & - SR TR
Y B B A AHRRR B SRR RS T -

T FEEE R Bt 7RSSR bR R A [ T R 32 BRI A BN S e T B -
PO s P RVEREUR T A EENR BT URE ~ RGNS B I R EIA
FHE LRI & - WTFTERaS R A FR B D ARG 5% ke HoBisg - L5k - AT LA
SRR R R S TR SRR A P

C. IGCC Session: (& 111.1.1-49 ~ 111.1.1-60)
(A) s (D2-T1-S1-P1) @ AEw =< New Energy and Industrial Technology

Development Organization, Japan FYiff5E A B253% » JEeE T “NEDO’s Clean
Coal Technology Development for reduction of CO, emissions” » & & PN 25 2 4]
111.1.1-49 ~ 111.1.1-54 F7s »

HreEF A TSEROoFas$4H4: (NEDO) B 1980 fERITLIZK » —HZH AR K
AT EHE A — - NEDO IEAEHEE HALE /R fsdlr (Clean Coal
Technology, CCT) ” ZFHfuBHEEIAYNT IR H - IEIREAHT - HAHY CCT
TR F iR e R ESS - H AP E R SE EE 0 — S b E R
it TEEALEI SR AR -

WA B SRR =R iR D SR PEICE - B T I KR BRI > A
W) FEAE MRt <H I ] B2 & AU B SR (B 1 ER (Integrated Coal Gasification
Combined Cycle, IGCC) F1#& RIS ALARIE A &R (Integrated Coal
Gasification Fuel Cell Combined Cycle, IGFC ) & N —{{ifilr » DA RE T il
IR S RPA RER T o FEAFIRVE RIS IEZ T - IoPrEE A H & —R
KA ERGT - 1FiE 7 - CCT RimidE b — EAbHF M E sy GDP B £2K
W e SR AIERI 2K -

Ry 7S B SAEREE MEEAREE S 1 H R SRR -
A - IEAEHEITEF 2 UITTRIBE S - ARG T - IR R & TERE — S bhkdH
JERMT - EAGLE 5138 "BIEAZN IGCC” (& /bhidmiErny ~—(UIGCC) MILEE
PR IEEREEE  (chemical looping coal combustion, CLC ) AY&EfE o
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(B) i (D2-T1-S1-P4) : A2 H TU Minchen, Germany AYRF4E A B &%
7% HEFE T E R “Experimental Investigation of Alkali Sorption with Mineral
Getter Materials for IGCC Power Plants” - JE:EAN S EZ40E 111.1.1-55 ~
111.1.1-60 A7~ -

SRR T I EEYE LIMEYERRE R T - R AR AL
RACEIER (1IGCC) M#ER T » Bttt b &Y ERIZatid] - ¥
Al - Rl R EmRIE R B EE VIR - (BRI ER T - KERcRL
Al 2 ROR LU SR 73 B 15 e iig MEAL &9 - 40 SalR BEATREE B B sl /Y W WO R
(getters) RESIE AR FIFE SR NERM TR LM - 45T 5 ERR K
FFREEFOKY - HAE N & RCRr 2RI (E8eREk -

FEEETAES - (B EGSR G 0T T RO Rl b o {58 F & 2
1800°C Hfi fE AT AR /7 5 50 bar By = BEEAE /A8 (HPTGA) AU K2 ERY
FIERWTTE o B HPTGA DASE IS5 M5 i B e R I EAE o DA B A IR USR]
Ron R &) - P E R A DI A EZEURBI S fE R T
R B PREDRL 5] 8 R AE T T R T BT 7 » 3% SRS AT LAAE 22 1300°C AT 50 bar
A TERE R N ETE R o AL S VIR Z IR ORI A 7 [FE Y I -
% IR TIRWOEREATT X S ERE At R BRI AR A PERE

F£ 20 bar (&7 BEJIH1 800°C Z 900°C f1y3H FE#i & AT HPTGA RITEIES
R fEZS TR E g o BB RARRE — AL nTFHET 2 S0ppm % 200ppm HYEEE P - (5
M HPTGA » & AN "ESE I 280E - U (LREMAITREIA T (pre-exponential
factor) » MR S K ME 25 HAVIHFCEE RAE AT A SR ZR A Hh 4R -

D. Supercritical CO, power cycles Session: ([ 111.1.1-61 ~ 111.1.1-72)
(A) #moL (D2-T1-S3-P2): AEm 2 H National Energy Technology Laboratory,

USA HRHZE A B335 » JEEE T E B “Techno-economic Analysis of an Integrated
Gasification Direct-Fired Supercritical CO, Power Cycle” o JEz# N S 11 [E]
1.1.1-61 ~ 111.1.1-66 F7 °

SRBAETRES (The U.S. Department of Energy, DOE ) LA RETRIF AT
B LA PPRIYRE TR ARG - BARE KIE MR 5 2SR RIaE B 4 [EIRFREAR
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DR A SRS HEBOR AR HRE, - S5 B RE IR BB Y B 2¢ RE R 152 i 8 == ( National
Energy Technology Laboratory, NETL ) — B f£ iE KAk = Akl EE it CO,
(supercritical COy, SCO, ) B IEER » (F A B IS —apiy/BE R -

ETH TRV ERE S o i AR - SRR ERE sCO, B J1EHRY
ZERINLWTE » s IEERAE BB EMEF (CCS) iR - 3% Tt
B E e R ER b PRI E - DU R RIR AR E S A E] sCO, 18
B RN G RAMMES] sCO, (EIRAVEANMEEES - H eSS sCO,
BRITE SRR - BB R = R e R L 7 e 2 A i b R A o SR R BRI
AIENEE - KIE TAERES S 8E% - —E9 COf¢ CCS HyfEEE T HEL - FirsE it
S P B ERTIEL - LUR[E[RPAEEES -

AZBTFEERE] TR E 1 sCO, S E MM ST AT AspenPlus®fEAY » EIHEE
it 7 2 AR A ERTEAY > sCO, fEERELR Les Z MIMVENVEE & > DU A BB
FEC BRSO - REGEE TRIVEAATNLEER » st ES—
% (cost of electricity, COE ) - HIFT&E MR - HEFYEA CCS My AAIRIE
#E115% (integrated gasification combined cycle, IGCC ) &% » S8k — HE.$ sCO,
S FHYRCRAN] COE BIEE - HiE sCO, TEIRAVIEAE thseaa i vl DLEL & Sy
IGCC RS BEAEHAC A CCS K 1E sCO R ERAHAM B CCS FYMAE Z47 -
ZWFEIR TR AR L RS BLR BERI B3 sCO, 23t Z FRVEVE GBI
R BN E RS/ il — U e s a i MEsE -

(B) &1L (D2-T1-S3-P3) : AifCH EDF, China HYRIZE A B3 - L
& B “Coal fired power plant efficiency boost through retrofitting with
Supercritical CO; Brayton cycle” - JEzA S E40E 111.1.1-67 ~ 111.1.1-72 A

e

RS CO, A1 85 THIGHR AT RE S LATR AV RICAS R B RTHY 20 SR BB ReR
fEm 109 AR AEHEEIE TN 2ERAV ORI SEEIAE - lEZRERIE ) &t
heHRL - HAT - BEE AL LA EARPE - —J7iH - AREARRETHY sCO,
TEFRPABL NG 2 (5 A Sn B Y S e B AP RHT AR = RS > o — T AIE T
HYIEE REE (>500 HEEL) sCO, limt e el A A AU - BERA A
BRERGEITIUE - TR sCO, TR Al RE AT L S R (EHIRE - MANER 154
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RrHIEFE L - AIHIT B EERETERRRY A 1T -

KW FEEETUOER 2R - 1) (REIERKS - IEMEEZRIERATR
o ERE  EWRECIEET HERIREERS ~ /TFECes - /KEENR - B FIBY
header and drum ) 28R TR 5 2) LPRzZIUEEIFTEGS » 0 B LK AG i
FlHY sCO, fiZEhes S # CHTNIE LLaR R EI AR A ERASERTRE ) 5 3) {F sCO, iimi
HH ORISR SCO, [Z0REAACHARS » DUBEMIF B R R 22 A B IR i
[& 5 4) sCO2 iz =i /S Ry 700°C Al =B 7 By 200 bar - MiiH5T TR [EIHY sCO fEIR
sat I A B (recuperation) ~ FA[UY ~ ETERYE ~ BT BR4E - DAEVAL A (558
F o ZEEIEIRLG /K TEEE S 251 P sCO, (BRI R B A %58 o HNTES
o ERGTSET > ZRRIERINER AR > DIPHr sCO, )R E e85
e o 3l H EASRHE T BT R R -

TERERSEZEY] - AR EAFFARGETEEERT 1000 58 FLBEF 2058 118
% (250 bar / 600°C / 600°C ) T4 %4 sCO, [HAR FRAETEERAETT T BT - 22051538
TE4) 609 BT T » sCO, fEERFEA4Y 450MW » AR Y S (AR Ry 48.8%6
FHlE R RIEIR IR 1T £y 46.6% - iE3 A TR “"SBAvE R T EFEEsn
&7 B EEEHTER B nn R S S R KR EEE R - H sCO, w2
FIEZIRFFE 100MW F[E A -

20 iR EE R a b S AR B RS RO R W R S R YA
TBEIRIRETT -

3. Poster Session

FAD— AR EPETE & - BedEm e CCT Rgth LR GirEi e m e  HEs
R LB % o AR E SR SCHIEE BRI - KGR A 55— » B

F | 09:00 FAAEEIGHE - 17:00 > FFEE R EGHGHK - 5990 AEBAREHESLE KT

o BERIZEHE 17:00 - 18:30 Z BFES » TAEF#E R Bl s i — st BRE 5w (1&] 111.1.3-1) -

FEHMESR TR SRR IR EAE AR Z W34S ) R » A

sk T BRI R ER SRR R (1] 111.1.3-2 ~ 111.1.3-11) -

(Z) BEREZERANGERE
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HERSIMRGHAM » S B2 FPREE B BRI AT am B Rrsd - FFEZAC

gt (% N-1) > HEEhiE— b Alge VI EMF - ERNAREPIILRILE - FEEE
550y IV BN R G Keynote 5% 8 - ¢ EH R EAH B Ta T am o Hh— L R EIREEY

BEJE/NE] NTPC Ltd. 2 General Manager (Partha Mazumder) - 187 [HLFH S &R -
Mazumder 7R » NTPC ZEIE AR 2 BTN E - H AT EEHE T4 B aE IR S 407, -
HLFEARRE A IR K - 55— 3% DOE 2 Senior Advisor (Scott M. Smouse) » AJ
FREM - B FE YA R EFS NETL Mr. Smouse EF &5 APEC SE75
BN TIE ~ B EEH - WEAMZ EM =R R aE I nREAE - 4
IPE 2R B [ {55 A= B & Jep i T T B it s 2 IR ARIBUR - RIECR 2 R T B
S AR o

KL BAHBA E B30 M IR SR IR A B R Z Ak » AR ARSI EIR S 1F
B e B T ARl 2 e -
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Z 111-1: CCT 2017 Z BipEEEEEH R

Name Position Affiliation Remarks

Nick Butler Visiting King’s College London Panelist
Professor

Scott M. Smouse | Senior US DOE Keynote Speaker
Advisor

Partha Mazumder | General NTPC Ltd., India Keynote Speaker
Manager

Markus E. Becker | Executive GE Europe Government Affairs &
Director Policy

Ashutosh Shastri | Consultant EnerStrat Consulting Technology Transfer

Christian Neumeir | Underwriter | VHV Versicherungen Machinery Insurance

Hermann Stelzer, | Project Forschungszentrum Juelich | Energy system

Dr.-Ing. Manager

Roh Pin Lee, Research TU Freiberg Energy process and

Dr. rer. Pol. Associate chemical engineering

Guangxi Yue Professor Tsinghua Univ., Beijing Thermal engineering

Dunxi Yu Professor & Huazhong Univ. of Science | Coal combustion
Dep. Director | & Tech., Wuhan

Yili Xiong R&D EDF China Power generation
Engineer

Huiqi Wang R&D EDF China Power generation
Engineer
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Romania

Chemical engineering
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Head of Dept.

Ural Federal Univ., Russia

Thermal Power

Dr.-Ing.

Florian Kerscher | Research TU Munich Energy system
Assist.

Igor Kustrin Assist. Dr. Univ. of Ljubljana, Slovenia | Mechanical engineering
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Fellow and Energy engineering
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Engineer
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1. Plenary Keynote Sessions

K-1-1

1.1.1-1

Key points of orientation

« The energy sector is key to sustainable economic growth
Largest source of GHG emissions today, around two-thirds of global total
Largest source of air pollution, linked to 6.5 million premature deaths per year
Billions remain without basic energy services

« The global energy transition gained momentum in 2016

Global energy intensity fell by 2.1% in 2016; fossil-fuel subsidy reform efforts
are spreading

Renewables supplied half of global electricity demand growth in 2016, and
nuclear net capacity reached highest level since 1993

After a decade of growth, global coal use halted in 2014 and declined in 2015

« There is no single story about the future of global energy
Fast-paced technological progress and changing energy business models

111.1.1-3

Low-carbon sources are powering up @

World renewables-based power capacity additions
by type and share of total additions.

2300 60% 4 Other renewables.
o

- s05 * SolarPV

Wind
200, 0% | Hydro
150 30%  Fossil and nuclear
_ Share of renewables
100 20%  (right axis)

50 10%

1990 1995 2000 2005 2010 2015

Renewables-based power capacity additions set a new record in 2015
and exceeded those of all other fuels for the first time

111.1.1-5

) Clean Coal in a post-COP21 era

Jean-frangois Gagné
gy Techno

>nal E nergy Ag

gy Policy Division

2ncy

11.1.1-2

Wind and PV downward price trends continuing rapidly iea

Recent announced long-term contract prices for new renewable power
W to bec issi over 2016-2019

wy n s w6

o ol W ® Wied ondore.
Best results occur where price competition, long-term contracts and good resource availability
are combined
A new ‘fuel’ in pole position iea

Change in total primary energy demand

19902015 2015:2080

Coal O Gas low

3 0d G
carbon

Low-carbon fuels & technologies, mostly renewables,
supply nearly half of the increase in energy demand to 2040

111.1.1-6



Coal: arock in a hard place iea Global CO, emissions flat for 3 years — an emerging trend? iea

Coal demand in key regions
Global energy-related CO, emissions

Chna

United States

India

European Union

Southeast Asia

500 1000 1500 2000 2500 3000
Mtce

1970 1975 1980 1985 1990 1995 2000 2005 2010 2014 2015 2016
The peak in Chinese demand is an inflexion point for coal; held back by concerns over air IEA analysis for 2016 shows that global CO, emissions did not increase for the
poliution & carbon emissions, global coal use is overtaken by gas in the 2030s third consecutive year in a row, even though the global economy grew.

1.1.1-7

111.1.1-8

Energy Innovation can expand current momentum iea But the challenge increases to get from 2 degrees to “well below”

Technology contribution to global cumulative CO, reductions Energy- and process-related CO, emissions by sector in the 2DS

WAgriculture 2%

i i Windustry 33%
g g
- »: ® Transport 24%
Other transformation 4%
10
s = Power 20%
omu 2020 2030 2040 2050
The carbon intensity of the global economy can be cut by two-thirds through a diversified Industry and transport account for 57% of the cumulative remaining emissions in the 2DS
energy technology mix to 2050.
Progress in clean energy needs to accelerate iea Innovation can support a multitude of sustainable energy solutions iea

Technology Status today against 205 targets
Solar PV.and onshore wind

Primary energy mix in the ETP scenarios

it gas

| suidings |
liances and lighting

®Notontrack  ®Accelerated improvement needed  ®On track

2002|

o

Clean energy deployment is still overall behind what is required to meet the 2°C goal, Fossil fuels remain an important part of global energy supply in the 2DS
but recent progress on electric vehicles, solar PV and wind is promising with a 45% share in 2050

1M.1.1-11

111.1.1-12

29



jea

Re-thinking electricity supply

Coal trends are slowing, but need to be reversed ied

Global electricity generation capacity by technology,
and share of low-carbon generation
0000 f

0000 s

Generation 2DS 2050
Renewables: 67%
Fossil fuels: 17%

Generation today:
Fossil fuels: 68%
Renewables: 22%

111.1.1-13

Coal: to avoid carbon lock-in, Improve efficiency, then deploy CC$S iea

— Coal capacity development

2010 2015 2020

2005

2025 ETP 205

The past trends of i it seem to be slowing,
but new additions need to stop to be in line with 2DS objectives

111.1.1-14

Power generation efficiency: Reducing the cost of CO, abatement

iea

Decrease genesaton from subcrivcal _ Instal CCS on plarks over supercritcal

- Impact of efficiency improvement on CO, abatement
‘ocroase generaton fom p SC o beson p— = ==
12000 Efficiency in 205
*Efficiency impt © 33% 34% 37% 43%0.9 s
> P G e o g 1 4
2 wm USC i on e orFOC. G . wg 98
SE i 07 =
- 800
HH. | R ko £
e B 33 x
&5 wa vae 250 a5
3t 128 04 8
1 g g o
£ Technology Roadmep . e 028 22, | Technology Rosdmap
°  wm b % =g oL S
. [superricn ] R | — 0 G~
w2 5 WM W3 NN 0% 2010 2015 2020 2025 2030 2035 2040 2045 2050
To meet the 2DS, generation from subcritical plants need to cease 4 o ¥
I gore thieir technical Iifetilmespen d | Raising efficiency significantly reduces the CO,/kWh emitted
Increasing use of biomass co-firing to offset remaining emissions iea Role of biomass with CCS in the 2DS iea
 J
W Bio-CCS fuel
& transformation
d W Bio-CCS power
generatilon

I Biomass co-firing and CCS play crucial role in reducing carbon intensity of the coal fleet in the
2DS.

1.1.1-17

30

1 Fossil CCS industry
and fuel
transformation

€02 captured (Gt CO2)

1 Fossil CCS power
generation

2020

2050

Almost 1.1 Gt of CO2 captured in 2050 is linked to biomass with CCS, corresponding to 16% of
total CO2 captured globally, around 0.7 Gt of total capture from coal plants with cofiring.

111.1.1-18



New approach on transport and storage infrastructure

jea

The changing role of power plants ieal

For CCS to play its role, significant investment
in transport and storage is required

Capture, transport and storage are different
businesses with different challenges - hence
separate business models needed

Many (most?) capture plant operators have no
skills, nor interest, in owning and operating
transport and storage

“Disaggregation” can help simplify project
organisation and financing

Governments can play a key role in transport
and storage infrastructure development

111.1.1-19

May need to trade efficiency for flexibility

The role of CCS will only be realised if the infrastructure to transport and store CO, is available.

jeal

Ranges of flexibility parameters for thermal electricity generation

technologies
Ramping Minimum turndown Hotstart-up
oceT o == I
CCGT | m— = =n
e (== —
(=14 = = E
Hard coal | 1 —
Ugnite |1 =
o 1% 0% o % ok 6% 0 2 4 6
% F/min %R Hours
Thermal power plants’ role will vary with electricity markets evolution.
Shifting from base-load towards may change choices.

111.1.1-20

Cycling impacts on existing coal assets iea

Eficiency

Partlosd efficiency penaity

I Technology choices should consider all operating modes to assess the most efficient power plant

design

11.1.1-21

Can CCS be flexible?

iea

g e
2

S
unen ()

B R R ERER

L

E— 2
Source: IEA Clean Coal Centre

T

due to large
on equipment and materials

changes imposed

I Cold start is the most

111.1.1-22

Collaboration is key to accelerating innovation iea

Modern NGCC and PC (USC) plant have good
operational flexibility, IGCC somewhat less
Flexible capture operation possible, but part-load
efficiency penalty for plants with capture marginally
greater than for plants without capture
CO, compression and air separation limiting factors
Ways to improve CCS operational flexibility, e.g.
By-passing capture
Storage of CO,-rich solvent
Storage of captured CO,
However, experience to date is limited

&'ieaghg

OPERATING

FLEXIBILITY OF
POWER PLANTS
WITH CCS

Flexibility options exist, but require further development and practical experience.

111.1.1-23
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Smarter. Cleaner. Steam
Power.

[ ]
11.1.1-25 111.1.1-26

Global trends transforming
the power industry

Today,
have insufficient or unreliable power.

SLOWER GDP @ RESOURCE FINANCING
GROWTH RESTRAINTS CONSTRAINTS

And
don’t have any access to electricity at all.

A9 RO 3®E gLosaLcLean  =[T- DiGITAL
I REGIONS ENERGY -|_|< cAPABILITIES

OPPORTUNITIES
]

111.1.1-27 111.1.1-28

Global power market GE'’s industry leadership in steam power
Significant future capacity addition in World electrical generation by

coal el
(TWh in ‘00031 K

of future power capacity
will come from oil, coal,
nuclear and biomass ~24K

% W 30% W 50%
30% , o | 0

of theworld's | | of the of steam turbines
L sieesbaihed steam turbine A world's for nuclear i
SNucieer capacity boilers power plants
=01 B &:.

of global demand will 1 Coal

i th Wil Eas and . ’ — ' T e A
I 1™ ﬂ
5 W
100+ YEARSE!ERT SR RRouNo THE WoRLD o i

111.1.1-29 111.1.1-30
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What are our customers asking for? GE'’s new Powering Efficiency
for Steam Center of

Cleaner, smarter Total plant solutions
new build technologies for existing assets

BETTER GREATER EMISSIONS PROFITABLE
PERFORMANCE | RELIABILITY COMPLIANCE

« Horizontal team of experts across

« Create integrated solutions to
improve efficiency, reduce
emissions & enhance flexibility

+ Regional focus ... China and

Unifying GE’s cross-business capabilities and expertise
to optimize steam plant performance

11.1.1-31 & 111.1.1-32

Accelerating the development of leading efficiency, Accelerating the development of leading

lower emission technologies for new steam power Driving towards efficiency, lower emission technologies for
plants 2 existing sub critical steam power plants

efficiency P L

Environmental

Technology Digital +# Controls

Advancements Capabilities AR Iz owerslsHota by 1%
more than the worid's most
stringent emission standards

& PREDIX
Technology Advancements Digital Capabilities

o v Upto 15 v the

5.6% more efficien d 11% lower emissions
o . 250 million US cars off the road | 924 metric mega tons per year

11.1.1-33 & 111.1.1-34

The winning equation
Digital Capabilities
DIGITAL POWER PLANT FOR STEAM leading lower A\ beter

Performance Optimization ~ FlexiLoad - Fuel Analyser - Boller 7\ Efficiency N/ Emissions #\ Economics
Optimization

nt efficiency Environmental Lower lifecycle cost
ement compliance

Profitable growth
Reduced CO, emissions

Improved delivery time
Better air quality

Access to financing
local project support

0,000 car.

s
ff the road

m— . Delivering more value for our customers
Delivering better performance, greater efficiency and improved reliability over the ife of the plant 0

& 111.1.1-35 & 111.1.1-36
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Thermal Power : Challenges and Opportu
dian Power Sector

i

Partha Mazumder, GM(Coal Mining), NTPC Ltd., India

111.1.1-38

I

111.1.1-37

| Contents

| Indian Power Sector — On a Growth Path

Indian Power Sector — An Overview I

Per Capita
Fuel-mix ‘ con:l:m;Zon -
‘ of Electricity M .
Increased Thrust on Renewable | Inindla e R B
200506 200607 200708 00809 00010 201041  0M-R 30013 0314 0445 201516
Challenges & Way Forward |
18000 | 15088
NTPC — the Indian Power Major | W &
A Potential Player " B -
NTPC - Thrust on Environment Protection | e ll ll I”" I I e
o e =

111.1.1-39 111.1.1-40

Indian Power Sector — On a Growth Path (Contd.)

| Indian Power — Thrust shifted to Renewables

I Fuel-wise Break-up (MW) Renewable energy capacity to 175 GW by 2022
Year Energy Peak Energy | Surplus(+)/ Deficit:) | Peak | Peak |Surplus(+)/ Deficit-) 80 coal mMudesr mGas sHydro mRenewable
Requirement Availability | _ Dema Met Thermal 2,18,330
LMy M) MU ) (W) (W)  (MW) | (%) Coal 1,92.163 6402
2016-17° | 11,42,002 11,34,631 7,461 07 159542 156934 -2608 @ -16 0o 53346
Gas 25,329 .
Ee sl reaml| LS e e Rl | el e [ a
2015-16 11,14, 10,90,850 23558 | -21 | 153,366 148463 -4903 @ -32 Diesel 338 - e
+ + + + + + + 6.8
2014-15 10,68,923 1030.785 38138 | -36 | 148,166 141160 -7.006 & -47 Renewable 57,260 - ”_
201314 1002257 959820 | -42428 42 | 135918 120815 6103 & -45 Hydro 44478 200
201213 = 995557 | 908652 | -86905 | -87 | 135453 123204 -12159 -9 Hucioar S s87% bl R
= TOTAL 3,26,848 L
Provisional Mar17 2022 2027
(Source-Ministry of Power) (Source-CEA) As on 31.03.2017 Installed Generation Capacity (GW) ~ Current and projected

111.1.1-41 111.1.1-42
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Moving towards Green Energy.... Increasing RE Landscape Recent Major Initiatives of Government of India

Renewable (installed Capacity over the years in GW-Actual and T
Projected) P i & .
300 e nul: b8, v “24x7 Power for AIl’ : Every Indian Household to have
« Initative for creation of renewable energy o
v o ey e Electricity by 2019.
200 175 estabiish capacity.
100 = 57— "WW‘[R& )w':w'm;rw generation v Power sector reform ever ‘Ujwal DISCOM Awareness
3 = obluion coulfinie-besecpowers Yogona(UDAY)’ for Financial & Operational turn-around of
o & g Power Distribution Utilities (DISCOMs) of the country.
2007, S0 hacls 202E + Cross-subsidy ot to be kevied for open access 3
& exxmm o et s ¥
175 GW %
+Central government fo formulate National
GlhJ i B -

per unit of GDP by 33% 1o 35% below 2005 levels.
by 2030 under INDC (intended Nationally
Determinied Contributions)

Wind SmallHydro  Biomass & Others

«..... India to have 175 GW of Renewable Energy by 2022 .

111.1.1-43 111.1.1-44

Recent Major Initiatives of Government of India (contd,) Thrust on Renewable - Future Load Generation Scenario

Expected All India Duck Curve
considering dominant increase in RE Landscape

v Clean energy with 50 solar parks of about 500 MW each planned. Solar Parks and Ultra 2 | Generation | »Wide gap w.rt. the belly of
Mega Solar Power Projects to be set up by 2019-20 with financial support from Govt. of l | the duck curve indicates
India. - commensurate reduction in

other sources of generation..

v Green energy corridor being set up to transmit renewable energy. 3 e ————t

+ Highest ever wind capacity addition of 5400 MW against target of 4000 MW in 2016-17. g,.. J 3 73wen (58 fn damard 2t the

¥ All bulbs to be replaced with LEDs over next three years. with corresponding

In the Indian context , what
would be the complementing

TIONAL SCUAR ALLANCE d

Az d / 3 " | source?

oF TRORICAL couNTRIES | A E BN 23 4 6 6 T a e oo s
\ T >

OB NABQUARTIRID W DA i e SCADN e cAa

111.1.1-45 111.1.1-46

Actions to compensate variability of RE Generation

Way Forward

——

For reliable and affordable power, require :
= Flexible Power System

» Coal-based. Gas-based. Hydro
generation to complement the
gap and continue to be the
major source of reliable power
for safe and stable operation of
grid ... till proper storage
solutions evolved.

= Modified operation of coal-based plants to take care of Grid imbalance
to a large extent to aim Reliability, Sustainability & Affordability.

= Adoption of advanced technology for increased operational flexibility

* Base load plants will have to and also cutting down of Carbon footprint to a great extent.

ramp up/down and shut
down/start up with greater

frequency. = Adoption of high efficiency supercritical units into the fleet.

[of i with i experts. IGEF, USAID, JICA...assisting India.

111.1.1-47 111.1.1-48
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< - - -
Ilﬂl NTPC Limited. The Indian Power Major

Planted 10 million trees TEEIG=1/ adding o 22

NTPC Set up: Year 1975

70,560 MW Tisyen
e 10000 MW | +iayewns
To000 10 30,0 MW | v7yeans
050010 4000 MW |+ yers
0,000 10 50,000 MW

Became a
MAHARATNA

Singraull

million planted in past arotnd its power stations

(‘First ZWMWumul}

111.1.1-49

| NTPC ... Lighting up India

% 2%
Solar
3%

Other RE NTPC 2032 Nuclear

*Restof oo 775439 MW Restotinga 961
“NTRC (Group) SIATONW. TP G

td ax

Renewable to become 24% of
total installed capacity from
the present level of 1%

across 20 Indian States. u

111.1.1-51

——

NTPC Initiatives for Efficiency Improvement

Operational Maintenance
(o] i Intervention

111.1.1-50

Super-Critical : NTPC’s Clean Power Focus

M G L Ga W Bea M aee
st sl sosarsmee| SN | S | womn | e | e
| e
otan P A T e e
(1x500MwW) | (2x500MW) | (3x660MW) | (2x660MW) | (2800 MW) ACC (2 x 800 MW) (4 x 1000 MW]
1944 1932 1904 1832 1816 1903 1780 1753

111.1.1-52

——

during Lifespan

Il Technology Updation at NTPC for Efficiency Improvement

000 .
| 3
1000 g
1400 2
g
— 1200 S
H g
T 10 8
H 2
HE 5
£ o E
400 &
20 2000
o0
200LNZ 20KWU OKWU SOKWU SOMgh 800SC  6S0BD  660800 800K
ore (1o79) (1982) Mod RH(2006) (2004)  SC (2008) usc A.UsC
ann o) 2OND)
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| Energy Efficiency Management System

Accurate Gap
Assessment &

Development,

Implementati
on of Action
Plans

R&M
Retrofits
—

Performance

Improvement
Projects
(PIPs)

Focus on degt

ﬂ NTPC Initiatives for Environment Management

Working towards a balance of Technology Mix & Portfolio Mix... having a diversified fuel-
mix aimed at ion of emissions and i i

Portfolio ow
I Technology Mix: l ‘ Portfolio Mix 4= Coal 85 | 65.4
Gas 6 4.6
Hydro 5 3.8
Solar + OtherRE | 32 | 24.7
Nuclear 2 1.5
Waste to Energy Studies
Biomass Burning/Power
Plant Feasibility

111.1.1-55

Reduction of carbon footprint by increasing cycle efficiency

== — a0.57
e 555 39.77 ‘~

37.60 37.76 [ ™ ."'v ]

Rihand Oarit sipatt Barhn tora Advuscpior

111.1.1-57

| Fuel-Mix in Electricity Generation

Electricity generation capacity fuel-wise [ vyt raa|

O -

Oieset
0%

Hydro
13.9%

7%

Nudtear
21%

Res
15.6%

Sowee-t4

Raw C

al Product

Total coal reserves of 306.6 Billion Tonne.
India’s coal reserves 5. largest in the World.
So far, cheapest fuel source in India.
Availability suffice the requirement.
Import-dependence reduced.

ooooo

111.1.1-56

Suggestions / Feedback are
Please contact

Disclaimer
Views expressed here in this presentation are not necessarily of NTPC Management.

111.1.1-58

H Shift in Fuel-mix - from Coal to Renewable

Installed Generation Capacity (GW) - Current and projected

800

mCoal WNuclear ®Gas WHydro MRenewable
6402
o 523.46W
a%
%
9, 3196
e
200
8% 39%
60.1%
o
Mar-17 2022 2027

111.1.1-59
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K-11-2

Global demand: defining curve for all energy sources

Coal: large reserves, lower demand, lower prices, lower
exports

Gas: large reserves, low prices, increasing U.S. exports

.

0il: increasing production; historical price volatility but
low current prices

Renewables: increasing deploy leading to di

t ing

Infrastructure: gaps across all sectors — plants, grid,
pipelines

CCUS: strong interest across all FE industry sectors

EOR: increased interest as oil prices stabilize

U.S. DEPARTMENT OF

Off f
EN ERGY Fos‘sci? I(E)nergy

Opportunities, Challenges,
and Priorities
for Clean Fossil Energy

Scott M. Smouse
Senior Advisor

Office of Clean Coal and
8t |EA Clean Coal Centre Carbon Management
International Conference

on Clean Coal Technologies

Cagliari, Sardinia, Italy * 8-12 May 2017

U.S. net electricity generation from select fuels
billion kilowatthours

2,500 2016
history = projections
2,000 coal Reference case
1,500
natural gas
1,000
nuclear
renewable
500 energy
etroleum
0 L T 1
1980 1990 2000 2010 2020 2030 2040

Source: EIA Annual Energy Outlook 2017

111.1.1-63

111.1.1-64

Price of Natural Gas Key Factor in Projecting Future Fuel Mix U.S. CO, Emissions Reductions, 2005-2015

Electricity generation from selected fuels
billion kilowatthours

" 2016 2016 2016

history | projections projections projections

2,000

natural gas

1,500

1,000
coal

renewables

500 Low Oil and Gas High Oil and Gas

Resource and Resource and

b Reference case Technology Technology
1980 2000 2020 2040 2015 2040

N

2040 2015
| NG

Source: EIA Annual Energy Outlook 2017

111.1.1-65

In 2015, U.S. energy-related CO, emissions
were 12% below their 2005 levels

U.S. energy-related carbon dioxide (CO2) emissions (2005-15) =\
million metric tons cig
6,200
» Energy-related CO, emissions were 2,530
million metric tons in first half of 2016
» Total 2016 CO, emissions projected at
5,179 million metric tons*

6,000
5,800
5,600
5,400
5200
5,000

"

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

“This would be a 1.7% reduction from 2015. Final numbers pending EIA updated report.
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DOE Fossil Energy Focus Areas

Advanced Fossil Technology Systems

 Solid Oxide Fuel Cells (eficiency) ons
+ Supercritical CO, (efficiency) : .

¥ Themal efficiency (advanced materials, water) . chnology systems built to validate first-of-
 Advanced i eff z d projects at full scale for power and

v Transportation Storage 5
¥ Footprint Reduction & System Integrity gy + Rare Earth Elements (coal utilization)
+ Methane Emissions —

+ Water Quality and Availability

scal + Kemper County - Integrated N\
+ Subsurface Science 3
gasification combined cycle 3 5 I Ficlenci \
{1GCC) power plant with CCS n greatly improve plant efficiencies,
¥ Petra Nova - Retrofit post- = 0 ase plant availability, and maintain
combustion CCS on coakfired ntal standards
‘power plant .ol .

+ Archer Daniels Widiand - CCS
on ethanol production facilty
 ir Products - Industrial CCS

<

on steam methane reformer echnologies for capturing CO, >
|new industrial and power plants
 Mitigate economic impacts Strategic
i sl denpton Petroleum X
nfrastruc
moderization Reserves + Reduce capture cost R

+ Pilot:scale demos of 2 generation
€0, capture

+ Convert captured CO, to
commercial products

+ Develop third-generation capture %
technologies -C search

v E::bllsh ‘nk ﬂ:gceo rs, and advanced computer systems for
ndush of capned 005 /er plants and energy systems

e, and permanent geologic storage of
and gas fields and other formations

INATIONAL

TECHNOLOGY
LABORATORY

111.1.1-67
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CCS for Coal & Natural Gas

lan rbon Management Pathw.
Codlancicato AndgementEatIvays Challenges and R&D Pathways

) - Efficiency: Improve coal-fired generation efficiency, reliability and
competitiveness by developing new materials and processes and
advanced instrumentation and monitoring equipment; create
demonstration retrofits

+ Capture and Storage: Reduce cost through advanced capture
‘agents and processes, design methods, and instrumentation and

t, and reducing cost of b

OIL and GAS

High O, Content

Separation Chemistry
and Physics

Lower CO,
concentrations

Plant Footprint
and Capital Cost

Contaminants
(Criteria & HAPs)

Greater Flow Rates

New “value-added” avenues [ Industrial CO, capture and utilization

5 " Regeneration Energy High Flue Gas
+ Cost-effective conversion of CO, to products (fuel, chemicals) Integration w/Air
for coal and carbon use iy Srsatois/ (Auxiliary Heart and | Temperature from
d carbon u: + Rars Eath Element commercial production damonstraion Pollution Control P(Wu szlwme ) Simple Cycle
Systems

(PM, SO,, NOx, and Hg) High-Flame
Temperatures

(Oxy-combustion)

Integration w/Steam

Adaptability - creating * Increase flexibility and refiabilty of coal-based CCS systems, including Cyde

= A devel standardized, modular systems that can adjust size and
opportunities for innovation il el

Load Following
Flexibility

Turbine Impacts
CO, pipeline infrastructure (€O, and 0, Recycle]
and technologies for

Enhanced Oil Recovery

+ Catalyze bui isting CO, pi , integrated
with CO; storage, o support EOR and other business opportunities

energy.gov/fe

111.1.1-69
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Carbon Capture Technology Development
DOE FE’s Investments Advance Commercial Readiness

Industrial Capture

CO, Emissions and Employment by Major Industrial Sectors, 2014

Petra Nova
Operati 1]
200 1000_ s 9 perations
2180 200 T 2
g = -
E‘mo i _’ vi Petra Nova Transformational
@140 700 2 5 7 Awar Large Pilots
2 600 = — 15t Generation
500 = z § . $60-$80 / tonne
i 3
R
4 2 85 Transformational
© 80 + 400 LR 20 Gan omatr ——2nd Generation
=} ® 200 3 E & small $40/tonne
a L ) Pilots
g 40 200 8 -,:, ——Transformational
: = a: 2 $30/tonne
3 Steeper rote of progress
Q20 I 100 é
0 o "
Petroleum and  Refineries Chemicals Minerals Metals  Pulp and Paper
Natural Gas (indludes
Systems cement) 2 1
mcoz o Empl ” 2002 2006 2008 2012 2016 2020 2025 2030
emissions # Employmen
p—

.1.1-71
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Accelerating the Rate of RD&D - Transformational U.S. CO, Infrastructure Opportunities

“Transformational Technology Development” * CCUSis capital intensive, faces policy and
. market uncertainties, and requires long-term

. commitment, all of which present financial

* Partnership between
national labs, academia,

and industry e burden and risk for CCUS project developers
( ﬁ R » Regulatory, policy, and financial certainty
Industrial . ’ 4
+ Accelerate deployment by Stakeholders 4 \ essential for industry
50% in TRL 2-5 range Lisoe) Computational \ « EOR " fail.

e Doy | demonstrated and Federally recognized form

of geologic storage that could provide
market pull for CCUS technology deployment

Mantacrees
(Screening of novel

PG Contractons carbon capture substances)

* Parallel paths for materials
discovery — synthesis —
process design

s
» Need to expand existing CO, pipeline
4 ; network to realize full potential for
S — domestic oil production using CO, -EOR

* Leverage advanced

= o

computing - 3
7 = = CO; pipeline network shoviing oil and gas fiekds.
) b‘a A regional CO, pipeline network will require Pipeline data from Energy Velocty, saine reservoir and oil and gas
i collaboration between private companies, fiekd data from ;:gfms
* Robotics for rapid synthesis 4+ &+ investment community, State agencies, Federal

and analytical capabilities ‘F—ﬁ el and other

- u: Moiecular Desk;

s ‘.W'w i A A Sy Source: Siy ypturo, Ulitzation and.

energy.gov/fe

11.1.1-73 111.1.1-74

Storage Infrastructu
ale

Storage Infrastructure — Addressing Large Scale Challenges

Regional Carbon Sequestration
Partnerships (RCSP)

RCSP Development Phase
Large-Scale Field Projects

Over 10 million metric tons stored

Brine Extraction Storage Tests (BEST)

Midwest Regional Carbon |
‘Sequestration Partnership
Michigan Basin Project

628, s
injection onv-going)

RCSP Validation
Phase Field Projects
18 injection
projects
completed
(1.35 million
metric tons
injected

energy.gov/fe

1.1.1-75 111.1.1-76

Advanced Storage R& :
Risk Assessment, MVAA, Well Integ, CO, Use and Reuse FOA Selections

Selectee Project Title Funding

S Advalnc‘:’ed s'mula“onFToo's for hanical UK University of Kentucky | Beneficial Re-Use of Carbon Emissions $999K
::‘f‘:r:\ag:'y;:ﬁfe g:txhr:;?s(wlic: KENTUCKY Research Foundation from Coal-Fired Power Plants Using Microalgae |
) € " e |
complex, fractured reservoirs and University of California Upcycled “CO, Nggatlve Qoncrete $999K
caprock for Construction Functions |
* Measurement tools to ensure R Electrochemical Conversion |
University of Delaware 55 $800K
reservoir conformance of Carbon Dioxide to Alcohols |
* Measuring and modeling Gas Technology High Energy Systems for Transforming CO, [ $799K
geomechanical properties and Institute to Valuable Products |

coupled processes in reservoir,

caprock and faults Nano-Engineered Catalyst Supported on Ceramic

GasTechnology | "\, \, Fibers for the Utilization of CO, in Dry $799k

+ Reduce risk of induced seismic events it Reforming to Produce Syngas |
monitoring and forecasting TDA |
capabilities TDA Research, Inc. A New Process for CO, Conversion to Fuel $799%

Monitoring and mitigating wellbore
leakage: biomineralization, pH-
triggered polymers, nanocomposites,
mesoporous nanoparticles

Low-Temperature Process |
Southern Research Utilizing Nano-Engineered Catalyst $799k
for Olefin Production from Coal-Derived Flue Gas

AR

energy.gov/fe

.1.1-77 111.1.1-78
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CCS Major Demos Transformative R&D: Supercritical Carbon Dioxide (sCO,)

Supercritical CO,:
State-of-the-art system to capture CO, from two large steam methane reformers > 3 . .
€O, transported via pipeline louoil fields in eastern Texas for EOR " A hlghly efficient worklng fluid

Since 2013, over 3 million metric tons of CO, captured

COAL
+  Demonstrate Mitsubishi Heavy Industries’ technology to capture 90% CO, from 240-MW WASTE
flue gas stream (designed to capture/store 1.4 million metric tons of CO,/yr) MFG.
* €O, will be used for EOR in West Ranch Oil Field in Jackson County, Texas HEAT
SOLAR

Kemper CCS Project (Kemper County, MS) - 2017

Transport Integrated Gasification™ (TRIG™) technology developed jointly by DOE; o Higher (6-7 percgnta.ge pts)

Southern Company; Kellogg, Brown, and Root (KBR) Ub s thermal efficiencies,

65% of CO, emissions (~3 million metric tons/yr) will be captured and transported to smaller physical footprint, and

depleted ol fields in Gulf coast region for EOR lower capital costs ?

(than conventional steam-based
power generation)

2017 Diverse fuel/
heat sources

Cleaner, more
affordable electricity

ADM Ethanol Facility (Decatur,

To capture 1 million metric tons of CO, from ethanol biofuels production and store in
deep saline reservoir

* First-ever CCS project to use new U.5. Environmental Protection Agency (EPA)
Underground Injection Class VI well permit, specifically for CO, storage

11.1.1-79 111.1.1-80

Developing Advanced Materials Managing Effective Water Use

THE PROBLEM Innovation Priorities: Advancing cooling technologies, and applying novel water
treatment and waste heat concepts to improve efficiency and reduce water use

New high-temperature structural alloy development
and commercialization is

Our work has broad and deep implications:

© User-driven analytic tools for national decision-making supporting energy resilience with initial

~ Time consuming: >10 years focus on the water-energy nexus

» Expensive: Multi-million dollars for single alloy o Solutions through technology RDD&D, policy analysis, and stakeholder engagement

Friction stic welding of X" thick dispersion

strengthened Sandvik APMT plate
THE VISION BaD A
e nm:::’:;:::ﬂ":"“’ + Water Treatment and Reuse
Reduce cycle time, cost, and failure rate of advanced FE - Long-service life (100,000 h) s Adv‘tnwd/ Novel Heat Transfer and
5 3 x Cooling Systems
materials development by at least 2x by: - Large components + Process Efficiency and Heat
> Integrated High-Performance Computational Ofsoetinity k ::T:::::dlumd Aoanes
materials design and long-term predictive behavior | - New Phase-Stable Alloys
tools coupled with smarter, more-efficient - Manufacturing of Alloys, Materials Innovation Priorities:
experimental techniques SIS EamE e . * Advancing cooling technologiesA
- Build upon DOE-FE successes with + Applying novel water treatment and
» Data analytics to leverage existing data and Integrated Computational waste heat concepts to improve

Materials Engineering (ICME)

te efficiency and reduce water use
environments

knowledge to its maximum possible extent

21 energy.gov/subsurface

111.1.1-82
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£ 2R
Example of CO, Capture Development Timeline Integrated System Approach

MTR Inc.’s Membrane Technology
¢=9‘ =

Advanced Energy Systems Carbon Capture, Utilization, and Storage

+ Sweep concept proposed
+ Polaris membeane concenved

APS Red Hawk NGCC Demo
+ First Polars flue gas test
+ 2501b/d CO, used for algae farm

APS Cholla Demo (DE-NTS312)
+ First Polaris coal flue gas test
* 1TPDCO, captured (50 kW,}

NCCC 1MW, [{
+ 10,000 hours of 1 TPD system operation

* 1MW, (20TPD) system operation /
Low Pressure Mega Module (DE-NT7553)

« Design and build a 500 m optimized module

RENEWABLE ENERGY I

Hybrid Capture (DE-FE13118)
+ Membrane-solvent hybrids with UT, Austin

Future 10MW, Large Pilot

2006 2008 2010 2012 2014 2016 2018 2020

111.1.1-83 111.1.1-84
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2. Technical Paper Oral Sessions

(1) INER S5m0 I BH Ale ffok

S, s B s T 3 .1 B Lo e
o3 T —— Bl =3 Introduction Bl
On the evaluation of ilmenite as an oxygen - . = :
carrier for natural/synthesis gases in »Chemical looping process (CLP)
chemical-looping combustion = An enabling technology with great potential

4 — Advanced CO; separation process (CLC)
> o X y %

& Sl P, @ ' y
ey | £

Yau-Pin CHYOU, Ph. D.
CaSE(Ciean Carbon as Sustainable Energy) Program

Institute of Nuclear Energy Research, TAIWAN Frors e
2017:05/10 .::"'.l:.._"“"“"_._.'._._...."“'.._......m... .
T T e B .
=R =X
1.1.2-1 11.1.2-2
~ Oumo fictehget ¢+ S T Frcseamoer
i Test system [T R Material K
~ Fluidised-bed reactor : - » Oxygen carrier: iimenite mineral
~ 2inches © X 4 feet height Py + Apparent -3 )
- the flow rates of the feed gases were n W= Sy gt
controlied by theee mass flow meters et | + Composition:
~ Reactor is equipped with electric oo — 422% Fe 0, - S4.85%TIO; - 294% othors
hoaters for temperature control a3 ,1-“"?“ - + Particle size: 170 pm
~ On-line gas analyzer: 8 é"l"' fram © U 1.75 cmis @900°C
= Molecular analysis 6000 for CH,. O, " 0l o » Pretreatment for testing:
CO; and CO o g Beraw of fresh Hment
» Offline Hydrogen analysis: o] 1 was made at 900°C in air for 6 hes
- GC: Aghent 78908 w/ Supeico- o
CarboxenTM 1010 Plot Fg Fluicseddad reacte
ShlE . el shiE&E o
=R =2
11.1.2-3 11.1.2-4
5 Method - e
- Fuel reaction Y MG~ COpRO Influence of flow rate for methane (1)
* the ilmenite chemistry can be lumped, so % s | — - 8 Conditions
CO +Fe;0; > CO, +2Fe0 ot [ Moo | | oy | flow rate are set to 6 and 10 Ipm
H; + Fe,0, & H,0+2Fe0 o5 =S ‘ i | - | respectively, at 900°C with 4kg
CH,+4Fe,0; > CO,+2H,0+8Fe0 . —ai— % - {menite
.!, +  Experiment was cut off when the
-~ Alr reaction ks Wi—, COpHO | outlet concentration of remaining
+ the iimenite was regenerated by air i = S — e :"m";:::”"““m“
120,+2Fe0 > Fe,0, 4 ¢ 1 + At higher flow rate case
- EV“I.B"O“ w !-' ‘;_\ - (l:':::mloﬁe'm-k\a
« the fuel conversion (X,) and the iimenite conversion (wee) L == « tme for cutoll is shorter
where u\x(l)ll-:f‘:(-:—) P BN e
ShiE » e ShiE v
&= 111.1.2-5 = 111.1.2-6
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Results i

Influence of flow rate for methane (3)

+ Base on wy. scale, the result shows
that the CH, conversion rates are
almost paraliel for both cases

+  The difference of two cases is only
the residence time of fuel in reactor,

+ Thus, the yielding fuel conversion is
directly proportional to the residence
time, when Wy, Is equal

B N ]
T - Results 2R
Influence of the other parameters for methane
- . | + Flow rate, temp e,
‘ and il y are all Imp
parameters

+  Preheating fuel or decreasing limenite
inventory will reduce the fuel
conversion.

+ Base on wyc scale, the reactivity of the

fimenite drops quickly for diluted
methane, due 1o lower concentration.
ShEE w ShilE »
=] 2-7 = 111.1.2-8
11.1.2- 1.2-
O ]
U Results B - Results
Influence of flow rate for syngas (10% CO+10% H.) Influence of hydrogen in syngas rlsreesca
T - ~ ] *® Test Conditions : - . |+ The profiles of the CO conversion are
fow rate are set to & and 10 lpm ons ’ almost parallel each other for fuels
respectively, reaction at $00°C with without hydrogen
- . | - ©O conversion with hydrogen is
g nenite . between the other two cases without
*  The reactivity of Bmenite for H,
+ Base on we. scale, the reactivity of
PPN o S wian et e the limenite Is decreased quickly for
carbon monoxide the 10% CO case
+  Base on wgc scale, the CO + CO conversion of the syngas Is
greater than that of the cases without
conversion curves are almost hydrogen, when o fower than 0,99
paraliel with one another
SAIRE » ShiLE »
11.1.2-9 111.1.2-10
O (o e . ]
o Results [T = Conclusions [
10-Redox-Cycle test for CO + The flow rate, temperature, ion and iimenite inventory
* The peofileol CO are all important parameters
- rises as well + Attontion Is needed to be pald to the reduction of fractional
t | as the CO, decent when conversion of methane when in ing inlet fuel temperature,
i A i Increasingthe cycles due to shorter residence time.
R et » €0 conversion dropped + Because of hydrogen In the syngas, more useful weight of
- b Himenite Is resulted, which agroees with the results of the TGA testing
" slowty reported elsewhere.
e e e 00 + A10-redox-cyclo tost in a bubbling fluidised-bed reactor was
drops just below ined to il the ivity of il ite for the syng:
it i + The results of reactivity test agree with the viewpoint of reaction
kinotics from the wyc scale
ShiE » ShiE
1.1.2-11 11.1.2-12
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111.1.2-13 111.1.2-14

111.1.2-15 111.1.2-16

11.1.2-17 111.1.2-18
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&< (D2-T4-S2-P1) :

1 MW,;, pilot plant
Configuration

TECHNISCHE
UNIVERSITAT
. DARMSTADT

€Oz 4 H:O

Calciner

CCT2017 - 10 May 2017 1MW, scale - Jochen Hiz s

111.1.2-25

1 MW, pilot testing Ef""ﬂ;ﬁf;&f‘y @ e
Steady-state operation s i, = i
Tearbavg=855 °C, Teaicang=870 °C,
100
E F
80 o
; 09 5
2
g ® E
: H
i~ s 8
§ 20 H
K 2
]
3 Joos 3
T 006 rd
5 £
2 0006 2
3 oo £
.E: 0.004 5
< 002 - - tmel s PR T
) ] 10 15 20 25 30 35 40 45 S0 S5 60 6 70 75 80 8
Time (h]
CGT2017- 10 May 2017 - Lang' T 7
1 MW, pilot testing Eﬂ s
Carbonator parameter PRty B ol NEE ARSI
A ge reactor p
100
= Maximum capture at
uilibrium possible
eq p _ Qo ° o
£ g2 o
> A
= Influence of flue gas § o o,
conditions (wet/dry) & 4
5 G -
g 4“0
= Highest capture rates at S —— Equiibrium Curve for 14 %, o CO, et concentration
approx. 650 °C average O Real FGD condtoned flue gas (w H,0)
carbonator temperature B Arl s ome (who HO)
achievable o = s =i
Carbonator Temperature [*C]
CoTaor - 1omey AWy s - ochen 0

111.1.2-29

TECHNISCHI

1 Mwm pilot testing ") UNIVERSITAT

Energy Systems 3
and Technology STEAY
Summarv Prof. Dr.dng. B. Epple

) DARMSTAD!

= 4 comprehensive
long-term test campaigns

= Coal originated flue gas

= Hard coal and lignite fuel

= Varying fuel particle sizes

= Different German industrial limestones

=> 4,000 hours in fludized bed operation
=> 1,600 hours in stable CaL

= Continuous long-term operation in steady-state

CCT2017 - 10 May 2017 1MW, scale - Jochen Hiz 0

111.1.2-26

1M ik teatlng (€ ST Eriheed R
Active space time Prot. Dr.ing. B. Epple DARMSTADT

CO, removed from the gas phase
= CO, reacting with the CaO in the bed

100
20
o
Basic reactor models: %%
80 - ° L °
= Active particles in reactor bed 2 *&,
= Reaction in the fast regime _ 6o} %
£ 5%
: o °
3 | § ot
wof Ean = kst (Ve V)
Tt = e Fuseve v
> af O Experimental
A Charitos et al. 2011 —— Model ine
o m w  w  ®
tacsve 8]
CCT2017 - 10 May 2017 - Long T, s

& 111.1.2-28

1 MW,, pilot testing TECHNISCHE

Energy Systems
and Technology ") UNIVERSITAT
Summary Prof. Dr.dog. 8. Eppie ") DARMSTADT
. i " ?
= Successful long-term pilot testing

= Realistic operating conditions
= High CO, capture rates > 90%
= Fuel flexibility

= Resilient scale-up data

= Process ready for 20 MW,,

CCT2017 - 10 May 2017 1MW, scale - Jochen Hiz 3
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111.1.2-31

IGCC 1GCC w/0 CO, | IGCC withCO, |  I1GCC- | COMPOSITE | COMPOSITE
cGey
17510 1712 1773
2398 2280 2414
Table 12: Comparison 49 32 32
of the main results of 339
1GCC without and 110 122 124
with CO2 capture 146 435 157
based on state-of-the- 350.5 370.2 3873
art technologies and 8539 8539 853.9
of the best power 687 399 3938
plant layout with 3439 3484
PBCLC integrated into 807 870 869
coal gasification- 4859 4681 49.11
based combined 4105 4336 4536
cycles [ref 9] vs. the 96.1 93.1 949
cases with CGCU and 134 529 373
HGCU at 400°Cin
Table 11.
¥ the KGCC PBCIC plant (9},
5 (¥ SINTEF

111.1.2-33

Chemical looping oxygen production (CLOP)

« One CLOP cycle
« Reduction with syngas
diluted with PBCLC flue
gasses
* Oxidation with
compressed air at 404 °C
* Produces O, stream with no
N, during reduction

« Lots of air required because
reactor operates at
equilibrium oxygen
mole fraction close to that of air

- ? aw 0= 7 1020 1040

Time fs)

—— 2 mole fraction  ——Temperature

* Heated air can be efficiently utilized in the PBCLC reactors

*® (3 SINTEF

111.1.2-35

47

IGCC with CO2 capture vs COMPOSITE

‘Combusto?
| chambervs. c1c

(3 SINTEF

111.1.2-32

Final PFD to get optimal CLOP performance

" E

’-, = 2

3 SINTEF
* COMPOSITE relative to pre-combustion IGCC
+ COMPOSITE avoids. g5 hift, €O,
« COMPOSITE loses some efficency due 1o lower turbine inlet temperature
* Overall efficiency gain: 7.32 %-points.
*+ COMPOSITE relative to ASU PBCLC IGCC
« COMPOSITE avoids the ASU energy penalty
* COMPOSITE loses B = and boosting after gas
deaning
« Some losses recovered because no syngas dilution i required
* Overall efficiency gain: 3.95 %-points
* Hot gas cleaning in other IGCC plants will reduce this advantage by ~2 %-points
* No COMPOSITE optimization has so far been done and high reactor pressure drops
were assumed - could increase efficiency advantage by 1-2 %-points
* CLOP and CLC integration can be a good solution for next generation IGCC.
(¥ SINTEF
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W (D1-T4-S3-P4) :

111.1.2-55 111.1.2-56

111.1.2-57 111.1.2-58

111.1.2-59 111.1.2-60

51


https://aiche.confex.com/aiche/2016/webprogram/Paper462787.html

s (D2-T1-S3-P2) :
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09:00-10:30

10:30-10:50
10:50-12:30

12:30-13:30
13:30-15:10

15:10-15:40
15:40-17:20

17:20-18:30

CCT2017 Programme

Congress Hall T1

Welcome from our hosts: Sotacarbo and the Region of Sardinia

Keynote sesslon |

Jean-Francols Gagné - Head of Energy Technology Policy, International Energy Agency

Ashok

GE Power Services

- General of Steam Plant

Coffee break

High-efficiency plant
Chair: Andrew Minchener

MHPS’s activity for clean coal technologies —
Yasuhiro Yamauchi, Mitsubishi Hitachi Power
Systems LTD, japan

DEWA and coal — Neil Grant, Dubai Electricity and
Water Authority, United Arab Emirates

China's national demonstration coal power project
achieves around 50% net efficiency with a 600°C
class material - £/ Lj, Waigaogiao Power Plant,
China

Firing straw and other fuels at the Avedgre power
plant Unit 2 — Preben Messerschmidt, Ramboli
Energi, Denmark

Beneficial effects of dry bottom ash extraction and
recycling in modern PCF power plants — Simone
Savastano, Magaldi Power 5.p.A., italy

Lunch

Power plant
Chalir: Yue Guangxi

Optimization of coal and combustion air
distribution — Kitae Kang, Korea Southern Power

Supercritical power plant, life assessment
methodology and a case study — Saravana

Bavan WSP | Parsons Brinckerhoff;
UK
Imp! of flexibility of 225 MWe

power unit in EDF Polska's Rybnik Power Plant —
Daniel Nabugfo, EDF, Poland

A predictive method for low-load off-design
operation of a lignite fired power plant—
Konstantinos Atsonios, Cenire for Research &
Technology Hellas / Chemical Process & Energy
Resources Institute, Greece

Commercialising low cost, clean drying
technologies for power and industry — Mir! Ziotnar,
Coomtech, UK

Coffee break

NOx controls
Chair: Charles Soothill

Guaranteed reductions in NOx emissions and fuel
consumption for Drax's 660MW biomass boilers —
Dietrich-Georg Elfersiek, Siemens, Germany

SNCR for large combustion plants - most recent
application at a 380 MWe lignite-fired boiler —
2oltan Teuber, ERC Technik GmbH, Germany

Large furnace SNCR experience with multiple coals
— Piers de Havilland, Fuel Tech, USA

Adaptions of Polish coal-fired power plants to
meet existing (IED} and new emission limits (BAT
conclusions/BREF) based on Patnow Power Plant —
Robert Zmuda, 588 ENERGY 5.A., Poland

First evaluation of a multicomponent flue

gas cleaning concept using chlorine dioxide -
Experiments on chemistry and process performance —
Anette Heijnesson Hultén, Akzo Nobel, Sweden

Co-firing high ratios of woody biomass with coal
ina 150 MW pulverized coal boiler: Properties of
initial deposits and the effect on tube corrosion—
Dedy Eka Priyanto, IH! Corporation, Japan

Nitrogen partitioning during pyrolysis and
combustion of biomass fuels — Juan Rioza,
University of Edinburgh, UK

Biomass-coal blends behaviour under different
atmospheres using thermogravimetric analysis
and mass spectrometry (TA-MS)} — /fligo Rodifla,
CIEMAT; Spain

Briquettes from sugarcane crop residue as a
potential fuel for co-firing biomass-coal in the

Congress Hall T4

Chemical looping |
Chair: Yngve Larring

Dynamic simulation of fluidized bed chemical
looping combustion process with an iron-based
oxygen carrier — Ana-Maria Cormos, Babes-Bolyai
Universtty, Facuity Chemistry and Chemical
Engineering, Romania

Performance of Mn-Fe-based oxygen carriers in
coal combustion by iG-CLC and CLaOU processes —
Juan Addnez, Instituto de Carboguimica-CSIC, Spain

Selecting a low-cost oxygen carrier in Southwestern
Colombia, and its use in in-situ gasification
chemical looping combustion technology — Carmen
Rosa Forero, Universidad del Vaile, Columbia

Reduction kinetic studies of Indian limenite as an
oxygen carrier far chemical laoping combustion

South-West Colombian region — Jesus
Universidad del Vaile, Colombia

Phospharus transformation characteristics during
co-firing of municipal sewage sludge and cotton
stalk— Qianggiang Ren, institute of Engineering
Thermophysics, Chinese Academy of Sclences

Bio-energy with carbon capture and storage
(BECCS): Opportunities for efficiency improvement
— Mai Bui, imperial College London, UK

Modeling and i I of carbon
capture and storage technologies integrated into
coal and biomass MTG plants — Claudia Bassano,
ENEA, Italy

Carbon capture and utilisation technologies
applied to energy conversion systems and other
industrial applications — Colin-Cristian Cormoas,

—F Indian Institute of
Technology Madras, India

A reaction mechanism study of methane and
Ni-based oxygen carrier for chemical looping
reforming — Xin Guo, Huazhong University of
Sclence and Technology, China

Combustion studies
Chalr: Alberto Pettinau

Solid fuels co-combustion modelling in a stoker
furnace — Ewa Marek, University of Nottingham, UK

A study of the relationships between the micro-
Raman spectral parameters and the combustion
characteristics of 32 kinds of Chinese coal — jun Xu,
Huazhong University of Sclence and Technoiogy, China

Pyrolysis and combustion characterization of coal,
biarmass and their blends by thermogravimetric
analysis — Mauro Mureddu, Satacarbo S.p.A. ftaly

Effect of bagasse compaosition, devolatilization
temperature, particle size and type of
ilizati here on char morphology of

Babes-Bolyol University Cluj-Napoca,

Process analysis of co-firing of coal and biomass
in a power generation system integrated with
€O, capture and compression system — Usman
Ali, University of Sheffield, UK

‘Wood pellet co-firing — some topics of conducted
ions — Falk Hoffr Hitachi
Power Systems Europe GmbH, Germany

Black Pellets: Status Update — Michie! Carbo, ECN,
Energy Centre of the

On cofiting as a strategy to mitigate ash deposition
during combustion of a high-alkali Xinjiang coal

— Dunxi Yu, Huazhong University of Science and
Technology, China

Drying and torrefaction of a coal/biomass mixture
by using COMB Technology — Sihyun LEE, Korea
Institute of Energy Research, South Korea

Assessment of biomass co-firing under oxy-fuel
conditions on Hg speciation and ash deposit
formaticn. — Mluisa Contreras, CIEMAT, Spain

Poster session — Refreshments served in the T Hotel garden

The 8th International Conference on Clean Coal Technologies — CCT2017
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coal-bagasse blends — Efiana Paredes, Universidad
del Valle, Colombia

Prediction of syngas compasition from pyrolysis of
waste-derived feedstocks in the UK using Aspen
Plus — Nelia Jurado, Cranfield University, UK

Gasification
Chair: Tatiana Bogatova

Towards high-fidelity simulations of coal
gasification — Michele Vascellari, TU Frelberg, Germany

DEM simulations of coal particles in entrained-flow
slagging gasifiers: particle-particle interaction at
different burning levels — Francesco Saverio Marra,
Istituto di Ricerche sulla Combustione - CNR, ltaly

Reaction behaviour of fuels of different quality
in entrained flow gasifiers — Andreas Geifiler, TU
Miinchen - Energy Systems, Germany

Impact characteristics of particles onto a flat wall
relevant to entrained-flow gasifiers — Maurizio
Trolano, Universith degli Studi df Napoll Federico i, italy

Study on the reactivity and structural
characteristics of alkali-rich biomass chars in coal
co-hydrogasification — Xingjun Wang, Eost Ching
University of Science and Technology, China



08:30-09:20

09:25-10:45

10:45-11:20
11:20-13:00

13:00-14:00
14:00-15:20

15:20-15:40
15:40-17:20

19:30-23:00

Congress Hall T1

Keynote session Il

Scott Smouse — US Department of Energy, USA
Partha Mazumder - NTPC, India (to be confirmed)

Iscc
Chair: Chris Higman
NEDO's clean coal technology development for

The research and development of CFB coal

reduction of CO; — Eiji Nishioka, New b in China — Guangxi Yue, Tsinghua
Energy and Ind| I Technology Dy University, China
Organization, Japan

| soll for ive IGCC — Tationa Devel of ad i CFB technalogy in light
Bogatova, Ural Federal University, Russia of changmg fuel trends — Koile Nuortimo, Amec

Energy efficiency evaluation of Shell's entrained-
flow gasifier by different coal ranks and Exergy
analysis of IGCC with carbon capture — Chang-Ha
Lee, Yonsel University, South Koreo

Experimental investigation of alkali sorption with

mineral getter materials for IGCC Power Plant —
Florian Kerscher, TU Miinchen, Germany

Coffee break

Coal In a low carbon world
Oulr-‘rhh\cud:mnd

Foster Wheeler Energia Oy, Finland

The formation of the fluidized bed hydradynamic
structure, aptimal for burning of low-grade coals
and biomass — Dmitry Klimoy, Clean Energy Ltd,
Russia

CFD simulation of binary particle mixing in a baffled
downer reactor for coal topping — Nan Zhang,
Institute of Process Engineering, Chinese Academy
of Sciences, China

o] ional and id for coal

h progress of mercury =n1|ssu:>n and control

plants in the context of changing market design
and growing renewable energy penetration —
h h Shastrl, C iting, UK

Thermal power generations in India: The
challenges from renewable energy source power
generation — Avijit Mallick, Reliance Power Ltd,
India

Consequences of the German energy transition on

in China— y of
Science & Technology, Chlna

Control of mercury emissions - alternative methods.
— fohn Meler, Naico Water, USA

Mercury removal and its fate in wet flue gas

Congress Hall T4

Particulate controls
Chair: lan Barnes

The influence of dlscharge electmde geometry
and the i istics on
electrostatic precipitator performance — David
Branken, North-West University, South Africa

Experimental study on combustion of gasification
fly ash preheated by a CFB burner — Ziqu Ouyang,
Instttute of Engineering Thermophysics Chinese
Academy of Sciences, China

Current Tools & Techniques for Maximizing
Performance on Existing Electrostatic Precipitators
{ESPs) — James J Ferrigan, Fuel Tech, USA

Particle matter filtration from iron-ore sintering
flue gas in a magnetically stabilized fluidized bed
— Yang Xu, Huazhong University of Science and
Technology, China

Chemical looping Il
Chalr: Juan Adanez

Long-term pilot testing of the carbonate looping
process in at 1 MWth scale — Jochen Hilz, institute
Jor Energy Systems and Technology (EST) -

[

Calcium looping combustion for high-efficiency
low-emission power generation — Dawid Hanak,
Cranfield University, UK

On the evaluation of ilmenite as an oxygen carrier

ization slurry d with reag
and without.any t — Renata for natural/synth
of coal- L y of Poland

the operation regime and the
fired power plants — Ofiver Then, VGS Powertech,
Germany

HELE perspectives for selected Asian countries —
fan Barnes, IEA Clean Coal Centre, UK

Impacts of re-opening of Czech Brown coal mines
an energy system and deep decarbonisation target
— Luka$ Retka, Charles University Environment
Center, Czech Republic

Lunch

Supereritical €O, power cycles
Chair: Scott Smouse

State-of-the-art in supercritical CO, power cycles —
Qian Zhu, IEA Clean Coal Centre, UK

Techno-economic analysis of an integrated
gasification direct-fired supercritical CO, power
cycle — Nathan Weiland, Nationa! Energy
Technology Laboratory, USA

Coal-fired power plant efficiency boost through
retrofitting with supercritical CO; Brayton cycle —
Hulgi Wang, EDF, Ching

Development of a mean-line madel of axial
supercritical CO, turbine — Yili Xiong, EDE, China

Coffee break

Mercury capture by a structured Au/C regenerable
sarbent under oxycoal combustion canditions — M
Tereso izg Instituto de Carbogulr - CSiC,
Spain

Multi-pollutant control using structured sorbent/
catalyst madules — Jeff Kolde, Gore, USA

Simulation and cost analysis of structured
adsorbent capture technology with advances
in materials — Rebecca Gardiner, inventys Inc.,
Canodo

Enhancement of CO; capture capacity of
mesoporous sorbents via functionalization with
an amino acid ionic liquid — Marco Balsamo,
Universite degli Studi di Napoli Federico i, italy

Past-combustion COz capture using N-{isapropyl)-
tetraethylenepentamine-based solid sorbent —
Hidetaka Yamado, Research Institute of Inniovative
Technology for the Earth {RITE), lapan

Ultra-thin zeolite membranes for gas separations
—Jonas Hedlund, Luled University of Technology,
Sweden

Panel session: The Energy Trilemma — Chair: Samantha McCulloch:
Liam McHugh — Worid Coai Association | Nick Butler — Kings Callege and Financiol Times | Charles Soothlll —Zero Emissions Platform

Chandra Bhushan — CSE Indig | Cralg Morrls — Institute for Adv

CCT2017 - conference gala dinner

is gases in chemical-looping
combustion — Yau-Pin Chyou, INER, Taiwan

Performance of CLOU process in the combustion of
different types of coal with CO; capture with a Cu-
Mn oxygen carrier — ifiaki Addnez-Rublo, Instituto
de Carboquimica - CSIC, Spain

COMPOSITE Process: Highly efficient IGCC power
generation with CO, capture by integration of CLAS
and CLC — Yngve Larring, SINTEF, Norway

Social and environmental issues
Chair: Andrew Minchener

A closed carbon cycle through sector coupling?
Challenges posed by path dependency in the
socio-technical system — Roh Pin Lee, IEC, TU

ie Freiberg, y

Social acceptance of clean coal mining and
combustion — Viadimir Budinsky, SD k
doly a.s., Czech Republic

UCG: supposed environmental issues - myths and
realities — Chris Cuff, C&R Consulting, Australia

bility Studies | A

Lanza -
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10:40-11:10
11:10-12:50

12:50-14:00
14:00-15:20

15:20-15:40
15:40-17:00

Congress Hall T1

Carbon capture and storage
Chair: Noel Simento

20 Years of CCS: Future Deploy
— Samantha McCufloch, international Energy
Agency, France

An update on the ROAD project — Andy Read,
ROAD CCS Project, Netheriands

Overview and status update of carbon capture
& geologic storage major demonstration &
commercial projects in North America — Thomes

Devel of an ad d ultra-supercritical
component test facility including 760°C
superheater and steam turbine — Horst Hack,
Electric Power Research Institute, USA

Investigation of the hot corrosion behaviors of
Sanicro™ 25 - a potential candidate for superheater
and reheaters in high efficiency AUSC fossil power
plants — Yanyan Bj, Sandvik, China

of ials data for i coal
plants — Nigel Simms, Cranfield University, UK

i

Sarkus, Energy gy L Y

d monitering of the fouling process

usa

Development of energy efficient CO, capture
technologies — Svein Gunnar Bekken, S,

on water walls — Matthias Reiche, TU Dresden,
Germany

Ther | measuring - A highly

Norway

Coffee break

CCS: Solvents
Chair: Viadimir Zuberec

efficient tool to increase the efficiency of coal
combustion and minimize negative emmissions —
Andreas Diegeler, Frounhofer Society, Germany

Congress Hall T4

Uignite and low rank coal
Chalr; Sarma Plsupati

How to utilize low grade coals below 1000kcal/kg —
Falk Hoffmeister, Mitsubishi Hitachi Power Systems
Europe GmbH, Germany

Small technical scale parametric investigation of
co-firing of hard coal and pre-dried lignite under
part load conditions in the scope of enhancing
the flexibility of hard coal fired power stations.
- loannis Papandreou, University of Stuttgart,
Germany

Study on the structural evolution of molecular
skeleton and mobile phase during pyrolysis process
of a Chinese low-rank coal — Song Hu, Huazhong
University of Science and Technology, China

Co-Liquefaction of Yatagan lignite and waste tires
under catalytic conditions — Cemil Koyunoglu,
Istanbul Technical University, Turkey

Underground coal gaslfication
Chalr: Chris Cuff

Long term operation results for an
PCC system at coal-fired power plant — Yasuro
Yamanaka, 1H! Corporation, Japan

Pilot plant improvement and experimentation for
CO, capture with amine solvents — Paolo Deiana
ENEA - ftalian Agency for New Technologies,
Energy and i ic Dy

fealy

Metal aerosol emissions from coal and biomass
combustion for carbon capture applications —
Karen N. Finney, University of Sheffield, UK

Panel session
A way forward for CCS

Samantha McCulloch - /24
Keith Whiriskey - Beliona
Thomas Sarkus — NETL

Andy Read — ROAD CCS Project

Lunch

Coal conversion
Chair: Calin-Christian Cormos

Toward realization of a hydrogen energy supply
chain — Ryo Chishiro, Kawasaki Heavy Industries,
Ltd,, Japan

New markets for coal - chemicals and perfarmance
materials — Richord Horner, University of
Wyorming, USA

Design and modelling of a biomass/coal
co-pyrolysis unit for advanced fuel synthesis —
Konstantinos Atsonios, Centre for Research &
Technology Hellas / Chemical Process & Energy
Resources Institute, Greece

Towards CO,-emission-free coal technology —
Christion Wolfersdorf, TU Bergakademie Freiberg,

Institute for Energy Process Engineering and
Chemicol Engineering, Germany

Coffee break

Closing plenary session

Reg! y reforms in and pollution
in the coal based thermal power sector in india —
Chandra Bhushan, CSE, india

Study of elemental mercury oxidation over SCR-

catalysts under oxy-fuel combustion eonditions —
M. Diaz Instituto i del
Carbén — CSIC, Spain

Long-term menitaring of selenium in flue gas
desulfurization wastewater with fully automated
online process monitor — Seiichi Ohyama, Central
Research Institute of Electric Power industry, Japan

Experimental and modelling analysis of seawater
scrubbers for sulphur dioxide remaoval in coal-fired

performance of the exergy UCG
Technology: Groundwater pratection and global
warming impacts — M.S. Blinderman Ergo Exergy
Technologies inc, Canada

Underground coal gasification - efficient in-situ CO,
capture and conversion —Johan van Dyk, Africary,
South Africa

Experimental simulations of underground coal

ification with hydrog r meth ich gas
production — Krzysztof Kapusta, Giéwny Instytut
Gérnictwa, Poland

| controls for underground coal

power plants — D Flagiello, University of
Naples, Federico {i - DICMaPi, italy

of MoS, h adsorbents
for HgO Capture: an experimental approach — Tao WU,
The University of Nottingham Ningbo, China

COx-free coal-fired power generation by partial
oxy-fuel and post-combustion CO, capture. Part 1:
performance assessment — Vittorio Tolo, University
of Cagliari, italy

COx-free coal-fired power generation by partial
oxy-fuel and post-combustion CO, capture. Part 2:
ecanomic analysis — Alberto Pettinau, Sotacarbo
S.p.A, faly

Thermodynamic and exergetic analysis of oxy-
combustion and efficiency improvement via
process integration — Renato Manuel Pereira
Cabral, Imperial College London, UK

Experimental study of the ignition temperature
of five coals under oxyfuel atmospheres — Lei Cai,
Huazhong University of Science and Technology,
China

Key drivers of Turkish coal policy — Miicella Ersoy, Chief Engineer, TKI, Turkish Coal Enterprises

gasification: A successful demonstration from
the Queensland government UCG Pilot program
- Cliff Mallett, Carbon Energy Limited and China
University of Mining and Technology, Australia/
China

Coal beneficiation
Chalr: Krzysztof Kapusta

Dry separation of coal using an autogenous
medium — Davaasuren Jambal, University of
Science and Technoiogy (UST), KIGAM,
Sauth Korea

Na and Ca removal from Zhundong coal by a
novel CO,-water leaching method and the fusion
behavior of the leached coal ash — Yaxin Gao,
Huozhong University of Science and Technology,
China

Porosity, morphology and structural ordering

of Pittsburgh no.8 coal chars generated at high
temperatures and elevated pressures — Sarma
Pisupati, The Pennsyivania State University, USA

Separation of fine coal using an enhanced gravity
separator — Youjun Tao, China University of Mining
& Technology, China

EU legal framework impact and technological issues related to the power sector in Poland — Kazimlerz Szynol, Tauron Wytwarzanie, Poland

Closing statements — Andrew Minchener
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