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Z 1I-1 : IPCC-281

PRELIMINARY PROGRAM SCHEDULE

Monday, September 12, 2011

11:00-16:00 |Technical Tour - Cardinal Plant
15:00-19:00  JRegistration — Room 306
18:30-20:30 IRereplion — Rooftop Temrace
Tuesday, September 13, 2011
7:00-17:00  [Registration — Room 306
8:00-8:20 Opening Ceremony — Ballroom
8:20-10:05 [Plenary Session — Ballroom
10:05-10:20 Coffee Break
[ROOM 301 302 303 304 305 310/311
Session 1 Session 2 Session 3 Session 4 Session 5 Session 6
Major CCS Demo Projects: Gasification: Coal-Derived Products: Carbon Management: CO; Combustion: Mining
10:20-12:00 Financing of CCT and CCS General Session — 1 General — 1 Capture - Sorbents — 1 Fmission Controls
Projects
12:00-13:30 Conference Luncheon - Ballroom
Session 7 Session § Session 9 Session 10 Session 11 Session 12
Major CCS Demo Projects: Gasification: Coal-Derived Products: Carbon Management: Combustion: Coal Science:
13:30-15:10 Financial Risk Management Economics General — 2 0, Capture - Sorbents — 2 Oxy-Combustion — 1 Beneficiation
Stategies for CCT
15:10-15:25 Coffee Break
Session 13 Session 14 Session 15 Session 16 Session 17 Session 18
Major CCS Demo Projecis: Gasification: Coal-Derived Producis: Carbon Management: Combustion: Coal Science:
15:25-17:25 Insurance and Risk Modeling - 1 General -3 CO, Capiure - Sorbenis - 3 Oxy-Combustion - 2 Coal Geochemisiry
Management Strategies for
18:00-21:00 Gateway Clipper Dinner Cruise
‘Wednesday, September 14, 2011
7:00-17:00  JRegistration - Room 306
8:20-10:05 IPlenary Session — Ballroom
10:05-10:20 Collee Break
[ROOM 301 302 303 304 308 310/311
Session 19 Session 20 Session 21 Session 22 Session 23 Session 24
Major CCS Demonstration Gasification: Coal-Derived Products: Carbon Management: Combustion: Coal Science:
10:20-12:00 Projects: Low Rank coal General —4 CC8 and GHG Abatement — Combustion Studies — 1 Coal Geology
General — 1 1
12:00-13:30 Conference Luncheon - Ballroom
Session 26 Session 27 Session 28 Session 29 Session 30
Major CCS Demonsiration Gasification: Coal-Derived Products: Carbon Management: Combustion: Coal Science:
13:30-15:10 Projects: Coal & Biomass General — 5 SECARB-ED CCS Training Chemical Looping — 1 Coal Science - 1
General - 2 Session — 1
15:10-15:25 Collee Break

Session 31

Session 32

Session 33

Session 34

Session 35

Session 36

Major CCS Demonstration Gasification: Coal-Derived Products: Carbon Management: Combustion: Coal Science:
15:25-17:25 Projects: Modeling — 2 General — 6 SECARB-ED CCS Training Chemical Looping — 2 Coal Science — 2
General — 3 Session — 2
18:00-21:00 Poster Session - Room 319/320/321
Thursday, September 15, 2011
7.00-17.00  [Registration - Room 306
8:20-10:03 [Plenary Session — Ballroom
10:05-10:20 Coffee Break
JROOM 301 302 303 304 305 310/311
Session 37 Session 38 Session 39 Session 40 Session 41 Session 42
Major CCS Demonstration Gasification: Gasification: Carbon Management: Combustion: Sustainability and
10:20-12:00 Projects: Fundamentals General — 2 S and GHG Abatement — Combustion Studies — 2 Environment:
General — 4 2 General — 1
12:00-13:30 Awards Luncheon - Ballroom
Session 43 Session 44 Session 43 Session 46 Session 47 Session 48
=
Major CCS Demonstration Gasification: Gasification: Carbon Management: Carbon Management: Sustainability and
13:30-15:10 Projects: Gas Cleanup General — 3 CCS and GHG Abatement — | CO; Geologic Sequestration Environment:
General — 5 3 — Coal General — 2
15:10-15:25 Coffee Break
Session 49 Session 50 Session 51 Session 52 Session 53 Session 54
Major CCS Demenstration Gasification: Gasification: Carbon Maagement: Carbon Management.: Sustainability and
15:25-17:25 Projects: Underground Coal General - 4 CCS and GHG Abatemnent CO; Capture — Solvents Environmenti:
General - 6 Gasifcation 4 General - 3

15:00-20:00

Advisory Board Meeting
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2011 Sessions and Topics

1. Combustion

Session Chairdohn WheeldonEPRI andEvan GraniteU.S. DOE/NETL

Industrial Applications, Economics, and Environnaigsues

Advance Pulverized Coal Combustion Technologiep¢€guritical, Fluidized Bed, Etc.)
Novel Technologies (Oxyfuel, Chemical Looping, Etc)

Flue Gas Clean Up

Science And Modeling

Materials, Instrumentation, and Controls

Turbines (Steams)

2. Gasification

Session Chairgvlassood Ramezaheonardo Technologies, Inc. (LTI), adenny TennantJ.S.

DOE/NETL

Industrial Applications, Economics, and Environnaigsues
Underground Coal Gasification (UCG)

Synthesis Gas Cleanup

Gasification Science and Modeling

Novel Gasification Technologies and Concepts

Co-Gasification of Coal and Biomass

3. Sustainability and Environment

Session Chaidim Hower University of Kentucky, CAER

Energy Production and Water Use - ConservationRew/cle

Life Cycle Analysis (LCA) of Energy Production Sgsts

5T 11 T



Energy Production Impact on the Environment
Energy Sustainability - Efficiency and ConversiorReduce GHG

GHG: Inventory Protocol, Legal and Regulatory Gdesations, Credits

4. Carbon Management

Session Chairgichard WinschelCONSOL Energy Inc. and

Steve CarpenteAdvanced Resources International, Inc.

Pre-Combustion Capture

Post-Combustion Capture

CO2 Sequestration (Monitoring, Mitigation, and Veation; Storage: Depleted Oil/Gas
Reservoirs, Aquifers, Basalt, Coal Bed Methane)

Transportation Infrastructure and Issues

Legal and Regulatory Issues

Carbon Footprint Comparison: CTX (DCL/ICL), Petnahe

5. Coal-Derived Products

Session Chair8elma Demirel Rentech, IncKe Liu, National Institute of Clean & Low-carbon

Energy (NICE)Rachid OukagiEnergy Technology Partners, LLC, aXish Xiao, Savannah River

National Laboratory

Coal-To-Liquids, CTL (Direct Liquefaction, Fisch&€repsch, Methanol-To-Gasoline, Etc.)
Substitute Natural Gas (SNG)

Hydrogen Production

Syngas Utilization (Gas Turbines, Fuel Cells)

Chemicals/Materials

Coal Utilization By-Products (Ash, Fertilizers, Btc

Jet Fuel

6. Coal Science

Session Chaidim Hower University of Kentucky, CAER, anideslie "Jingle" RuppertuS
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Geological Survey
« Chemistry
« Geoscience/Coal Resources
« Trace Elements/Emission
+ Processing
- Coal Preparation

7. Major CCS Demonstration Proj ects

Session Chairgsary StiegelU.S. DOE/NETL and’homas SarkydJ.S. DOE/NETL

« Updates on existing clean coal major demonstragwajects (IGCC, SCPC, USC,
Oxy-combustion, etc.)
« Status of current clean coal development projedts @arbon capture and storage

« Industrial large-scale demonstrations of carboriuwsapand storage project

ST 9 F] A5 FI(E ﬁﬁp“l)}dr%ﬁ%%%ﬁ%;[aﬁl K9 E| 16 F (B B )%E}*jf I RS > A A T

[N
AR

i 2 E OBV R 1015 10 £] 15-18] VR HREER -



I RI7BRLAE5Y 28 4k International Pittsburgh Coal Conference (IPCC-28) A4k

Y e T T AR -

1. Plenary Sessions
AP 7 LTS 2 i R (Plenary Session) o PR = 3 keynoteiizs - 4 Y
R

PLENARY SPEAKERS

TUESDAY, SEPTEMBER 13, 2011

Energy Production/Policy Speakers
Charles McConnell
Chief Operating Officer, Fossil Energy

Department of Energy, USA

Thomas J. Bonner
President

Cogentrix Energy, LLC, USA

Seve Herman
M anaging Director

Energy Capital Partners, USA

57 14



WEDNESDAY, SEPTEMBER 14, 2011

| nternational 1ssues
Yuzhou Zhang
CEO

Shenhua Group, CHINA

SeveOrlins
President

National Committee on US-China Relations, USA

Sami Demirbilek
CEO

Ciner Group, TURKEY

I
e
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THURSDAY, SEPTEMBER 15, 2011

Environmental |ssues
Anthony Cugini
Director

Department of Energy, USA

Seven Winberg
VicePresident, R & D

CONSOL Energy Inc., USA

Frank Princotta
Director, Air Pollution Prevention and Control

Division, USEPA, USA
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(1) Energy Production/Policy

9 F| 13 [Ih! - B bl rﬁﬁ’ﬁ?}t'i/ﬁﬁ%(Energy Production/Policy): & 55 B[l F 1P
b Wr&%ﬁ%ﬁﬁﬂi e Q‘iﬁq;%:&{ CharlesMcConnd » £33 B [ 7 'F Fl?‘f fFl(Fossil Energy
Department of Energy) [ Fﬁéé?;‘% (Chief Operating Officer)j@l 11.1-1) » H S5fEE, “Fossil
energy in a Carbon Constrained WorIQtYIQII.l-Z) ° iFﬁ;%fj %’!mﬁ%@[lﬁ .1-3 ~ .1-9 . » £l
TR B

® DOE Strategic Plarq‘%@ . 1-3)

Transform our Energy Systems

Science and Engineering Enterprise
Secure our Nation

Management and Operational Excellence

Fossil Energy Portfolioﬁﬁl . 1-4)

Oil and Gasfﬁl 1. 1-5)
CO,-Enahnced Oill recoveriﬁ& 1. 1-6)
International Collaboratior{r?ﬂ . 1-7)
Return of Investmemq%{l 1. 1-8)
Conclusion @I ll. 1-9)

Competition for Global Resources

Global Environmental Trends and Policies

Technology Demonstrations

Commercial Scale

Create a Compelling Choice for Fossil Energy Thaame-Changing and Sustainable

§Y= [hyEiE H Thomas J. Bonner » £ Cogentrix Energy, LLCVFEE » i V[ 1

“Consideration of Coal, other Fuels, and TechnologyDeveloping and Operating a U.

Generation Portfolid (g%\l 11.1-10) - Cogentrixl%j' 71983 F > [1 1985 E=l g+ 187 Fuf’?r’

jfifg'u'}ﬁ’ff‘%i@ 5,000 MW= 16745 9 @Wﬁ%ﬂ@o FUH IR E R ARLG 3 5 e 1 ]
S ISR 4 VT o PR Pl A ﬁ“ﬁirfﬂf?‘*i?ﬂm S W&W‘ W T

W VARSI OR R VR (R N.1.11 - .1.27)- Fﬁupff[

® Customer Objectlveﬁ 11.1.16)

Investor owned utilities, municipals and coops Hdu. buy
Regulatory restrictions
Accounting and reporting

® Reserve Margins and Operating Environm@ht(l.l.l? ~ 111.1.20)

Regulation ﬁi [1.1.21 ~ 111.1.24)

® Availability of Financing ﬁi 11.1.25)



® \What's the Future for Coal in the Generation Mixha U.S.? Eﬁ' 11.1.26)
B |ong term relationship between natural gas and goahg
B Electric rate regulation and cost recovery

[ Summarizationﬁéﬂlll.l.Z?)

(2) International Issues

9k 14F lﬁ‘fj/i?fj;%ﬁ@%r B IEERE (International Issuey 78 B B ff 2 & [E5EES Yuzhou
Zhang > =% : T The Clean Coal Conversion & Utilization Technolagie Shenhua and China
(Ifi' 11.1-28) - fifi=t ﬁJ?ﬁ 7+ 19955 » £ EIHIJHI[ES«'E‘:J\ YRR RN e = S VR R
FUECS SRS WASIER ~ f]y B HOT ) SRR P (TSP RUR S e L
fi ﬁ*w@ﬂ ik 5k S SHRY BT o I R SR mﬁ
T (R 5 [ RPHEP (R 111.1-29 ~ 111.1-30) - LRI i, -

CO, reduction ﬁ' .1-31 ~ 111.1-33)

Clean coal conversioﬂﬁ( [.1-34)

Technology Portfolio of Shenhua & NIC@I(III.l-SS)

Major Clean Coal Conversion Demo Projects in Cmqi;jblll.l-% ~ 111.1-41)

Coal conversion process analyﬁ% (11.2-42 ~ 111.1-45)

Concluding Remarks{ﬁi [11.1-46)

2. Technical Paper Sessions

IPCC-28.V g a7 = R i Bl b R o Ry IR RE - (I it
T lgpﬁmdf WAET > B ERY 5~ 6);,,5Fru?1/ g3 o FEH T EV 2F ¢ (1) Major CCS Demo
Projects, (2) Gasification, (3) Coal-Derived Pragdu¢4) Carbon Management, (5) Combustion, (6)
Mining, (7) Coal Science =T 252 = JES= 557 | F*HK?FE'%% [/Tnﬁi/ FH ﬁﬁ%\%f IJJTu?i/ s e

= - | -1 ~ -
FFUTI/ #2 46[%1 1.2-1 ~ 111.2-12)

ngﬁﬁmrp FITNETL 7 Stephen E. Zitney FE % > iﬁ@ FH£% Advanced Virtual Energy Simulation

Training and Research: IGCC with @@apture Power Plant= El;ra\ﬁ;ﬁlﬁj JV AVESTAR
Center I e (5 FSRENA WP ae = T - EURURE B i AU IGCC el sl » =
“*‘ = RET Eﬂjﬁ E*JF oo F AR ] CIJ?H IGCC ~ 3% 1"‘%’4‘ '] %> Combined Cycleg# == -

—Fuii/ # 14- 1@‘ 11.2-13 ~ 111.2-24)

“*ﬁﬁmdx i1 University of Utah” Kevin J. Whitty 5% iﬁ%ﬂ [ £% Pressurized Entrained Flow
57 18 I

ﬂ:{
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Coal Gasifier Performance: A Parametric Studyfe! kL& % *’@’E&.p’x%:ﬁz}ﬁfﬁ% K [LE s s
FIEE - HIEE D =2 HE S5 E&Bx(liiﬁ“ﬁff i) ~ PR RB SSERRS L RV ‘g;%miy[]j VR
PR (B TR SR SR SR e
S RMTIVHARN E S T T

ﬂ,uzv #14-2 [fl 111.2-25 ~ 111.2-33)

)ﬁdﬂm?if F ™ CSIRO.” Daniel G. Roberts 5E % > iFﬁ%ﬁ [ &% Experimental and Modeling
Studles of Pressurized Coal Gasification Behav@SlRO,J/’FiIIZ[‘* IR o ERRPSLD S [ L
kS char-steam & il %ﬁi o LR 2 fol M T e [~ frﬁ’Jg TETERES (=595 p10 7%
%ﬁ%@°ﬁW3%%%W@$Wﬁ%%Fﬁ"&%W%ﬁiﬁﬁﬂﬁ’@Mﬁﬁﬁi§@¥
P - pIILHK char-steant> [ Hﬂéﬁiﬁ‘]‘ PRt ,inlﬁﬁ‘ﬁ“ﬂ*é?l’ﬁﬁ»iﬁﬁﬁ e 35f 5 [ A
NG

FPU?i/ #143(@‘ [11.2-34 ~ 111.2-45)

)ﬁdﬂmdf F'NETL 7 Job S. Kasuel 58 % - Jii7 = {1 Steady-State Modeling of a Single-Stage,
Downward -Firing, Entrained-Flow Gasifier: Eliﬁ’%ﬁaﬁ?}ﬁ*‘“% = }E @d cu;r“Elﬂfkm SR TR

THJ YRRRERSLE] *’?ﬁ?ﬁ@j’ﬁl*;ﬁﬁtﬁﬂ o %@Vgﬁ&rﬁuﬂ u[J B 4 fEEHI~ T 6 (I~
e IV ESLEH E[Jﬁ— heuristic recirculation %] - [ﬁ‘llL_ﬁf;l%tﬂf%wHﬁr L BY,

b }E_JF‘E'E{EF[r\\lﬁ‘lﬁif\‘ﬁﬂjmtﬁ#ﬁf E .—:ﬁ}gj‘ i JE;H ﬂ»:i/ B gl% I s p A S5 f 'r'J
AUt o FRH] '/?Pffﬁz}g £h Aspen Customer Modeler (ACM)EUSIEZF E il i U= g fify ~
Db &0

Frulf/ #145(@‘ 111.2-46 ~ 111.2-54)

E”&FP”@ F Y™ CSIRO.V Daniel G. Roberts g% » iFh@‘ 1% Using Fundamental Data to
Model Entrained Flow Gasification: Impacts of Cogpe on Gasifier Performanee: flfLj ﬂ A
Y 2 S i 2 ISR (A AR (] - ﬂ4ﬁﬂ¢f?ﬁﬁlﬁ
B~ BT TR P e VS T s ALY sl A g mrﬁ;’rg’f‘ﬂﬁh‘@
BT 2B R PR ALY SRR SR E SRR

Flm?i/ #32-1 (faﬂ [11.2-55 ~ 111.2-59)

E”&FP”@ 't West Virginia University” Kiran Chaudhari 5% > iFﬁ% [ &% Development of
Advanced Gasification Kinetics Models for CFD (ahld)cess Simulation) Codes* Eliﬂ

J % F{;‘EII %@Vgﬁkﬁrug'ﬁﬁljﬁ/\‘ﬂ E | I:fiiﬁ n vrr'fgh H[ o Y IH—H E | I:‘::}‘.iﬁ Iy GUI /7 I:Ll s l:[ }{j
EIHIJI;['ZE [/F< kl Eﬁ”{/’_‘gﬁ&ﬁ“zg_j El "'_'A’g HI ° ,i%iﬁl%x§(|& s l[ ]:[ E EIHIJQ =L [/ﬁz?
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FFN/ #322@‘III31~III324)

’ﬁuFrm‘\” EL 4 FREE University of New Orleang = H1354% ,]‘p e URNIIES: (Eoc s & W 3Fﬁ%
= {£% Numerical Analysis of Gasification Performance Fmite-Rate Model in a Cross-Type
Two-Stage Gasifief U—prmltg Fé;l75il_;]_$ = e cross-type FXJ"J;’[?C 5’@ l,%}%ﬁ?iﬁj o SYFT ‘ifgl(f
SERFISLES MO - BT JBYT AR ST R

FFN/ # 32-3 qf'aﬂ 11.2-60 ~ 111.2-72)

FF”EWU@ FI1 University of New Orleans! = HnZ5427 55 % > iFﬁ% 5% Development of a
Devolatlllzatlon Model in Multi-Phase Simulation afMild Gasifier with a Draft Tube U—L*’let‘ji
fol 7 SR LR IMGCC VG ’ﬁﬁ%@r » E 1M #4. Mild 7 IGCC #4fk > = glfgﬁﬂ%’ﬁ?{&t
Huﬁé%p‘&ﬁ 1k fiﬁdm &= o P Mild gasifier &) ,1, J’S‘E‘]“ Vg ﬁ“sﬂ:’%“"ﬂj E-E LRSS
ﬁﬁ‘wa%%ﬁ#%w%ﬁipﬁw’wﬁﬁ R Tt

3. Poster Sessions

IPCC-28 Poster sessiol)- » 4 £E+ 9 | 14 [ Ipuft]Z= = » = Eg[ﬂ F'J;j‘ﬁﬁﬁfﬁi »
e

(1) Combustions 6 &5 (. = 17 &%)

(2) Gasification: 19%% (F. =F 8 1))

(3) Sustainability and Environmen® §5(3. & 11k})
(4) Carbon Managementl0 iy (. & 1177

(5) Coal-Derived Products6 &y (F. F 17 k)

(6) Coal Science 197 (F = 28#%1)

L 'J‘ PR T gasmcatlonﬁ BN I/:A?i/ AN ’ﬂf‘gl o %[ R R (ﬁal .4-1
~ 111.4-6) -

ER N BRI

Lo RURH A REPABUELD ie Vl ISP g Fhla R B A R
Y B > iy SR B G SN SR A AR
el LR AS SO NSl N

2. TR RSO B SRR - R G E R PSSR L R
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PRI 1 B Y R 7 VI S P ORI R

d%l%h£%WﬁmFﬂ im?’ﬁgﬂ%?mE%WhmmCQIMmmmm
Projects . g o T BV ARy~ PR TR SR
H ?’r%{iﬁt’ﬁﬂﬁ&j— % Revenue Model I Ji“fﬁ[iﬁ PRI o I 'ﬁfﬁi B VAR i
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GENERAL INFORMATION

2011 POCC

The University of Pittsburgh, along with the Advisory Board
and Parficipating Organeations, inviles vou to attend the
Twentyv-Eighth Annual International Pittshurgh Coal
Conference, September 12« 13, 2011 at the David L, Lawrence
Convention Center in Pittsburgh, PA. The opening ceremony
will take place on Monday, September 12, 2001, Owver 300
technical papers, including posters, will be presented throughout
the conference. Technical topics cover o wide spectrum of
energy and environmental issues and technologies related 1o
coal and its by-products. For detailed inforimation on techmcal
sggsions, papers, and speakers, wrn to the Technical Program
in this brochure,

TECHNICAL TOUR:
Cardinal Plant

Monday, September 12, 2011
11:00 - Bus Pickup from the Westin Hotel
12:15 - Amrive at plant
2:45 - Depart from plant
4:00 - Arrive at the Westin Hotel
Cost: 550 { Lunch included)

Cardinal Plant 15 located along the Ohio River south
of Brilliant Ohio and represents the first ever alliance
between an investor owned utility (AEP) and a member
owned utility {Buckeye Power). Buckeye Power 15 an
organization of 235 rural électric cooperatives,

Cardinal Units | and 2, put into service im 1967, atilize
a double reheat superenitical eyvele, are directly cooled
from the Ohio River and have a net rating of 600 MW,
Cardinal Unit 3, put inte service in 1977, utilizes a single
reheat supercritical cyele, employs a hyperbolic conling
tower and has a net rating of 630 MW. This unit is also
the first and only coal-fired boiler in the LS. that exhausts
through the conling tower.

Al thres Units burm high-sullur eastern bitummows coal
and consume about 4,5 Million tons per vear, In the early
2000°s, the three Units were retrofitted with Selective
Catalytic Reduction systems and subsequently with wet
EGD. The FGD systems on Units | and 2 are in service
and that on Unit 3 is under construction.

The Pittshurgh Coal Conference tour will include a
descrption of all 3 Units, and a tour of the Unit 3 facility.
There will be an opportunity o guestions and answers
with the plant stalf following the tour,

ACCOMMODATIONS
The Westin Haotel
1000 Penn Avenue

Fittshureh, PA 15222

| Recommendesd accomodations for the 2011 PCC are at the
| Westin Hotel in downtown Pittshurgh, The Westin Hotel s
loonmected by a skoywalk o the David L. Lawrence Convention
|Center. The conference rate is $165 per night in either a single
|or double room. There is an additional $10 charge pet person
[for & room with more than two people.

iPIcam: note this group rate is available only unnl Auguost 12,
{20001 and 15 subject to availability,

|To receive this discounted conference rate, please make your
|reservations directly with the hotel using the link provided on
| o websiie.

GATEWAY CLIPPER DINNER CRUISE
Tuesday, September 13, 2011
| 8:00) - 18:30 - Boarding at the dock
by the Convention Center
18:30 - 21:00 - Dinner and cruising
21:00 - Return to hotel

Please poin us for o dinner ennse on Pittsburgh®s three rivers!
Back by popular demand. this cruise is complimentary for
conference attendees, but there is & charpe of 45 to bring
a spouse or friend, However, you MUST RSVP to the PCC
sgeretary to be ineluded on the cnaise. For mare infarmation
and 1o REVE, please visit our website.

PITT AWARD

The Pist Award for Innevation in Ceal was [ounded by
the Chemical and Petroleum Engineering Department,
University of Pittshurgh in 1983 through indestrial
support. Since 1992, it has been fully funded by CONSOL
Energy Inc. The Pitt Award, as well as the best paper and
poster awards, will be presented at the Awards Luncheon,
Thursday, Scptember 15 at 12:00,




GENERAL INFORMATION

CONFERENCE OVERVIEW

MONDAY, SEPTEMBER 12. 2011

1100 - 16:00
15:00 - 19:00

Technical Tour
Registration

Reception 18:30 - 20:30
g FPTEMBER 13
Registration 07:00 - 17:00
Opening Ceremony 08:00 - 08:20
Plenary Session — | 08:20 - 10:05

Concurrent Tech. Sessions 120 - 12:00
Conference Luncheon [2:00 - 13:30
Concurrent Tech. Sessions 13:30-17:25
Gateway Clipper Dinner Cruise  18:00 - 21:00

Registration 07:00 - 1700
Plenary Session — 2 0820 - 10:05
Concurrent Tech. Sessions 10:20 - 12:00
Conference Luncheon 12:00 - 13:30
Concurrent Tech. Scssions 13:30 - 17:25
Poster Session 18:00 - 21:00

THURSDAY, SEPTEMBER 15, 2011

Registration 07:00 - 17:00
Plenary Session - 3 08:20 - 10:05
Concurrent Tech. Sessions 10:20 - 12:00
Awards Luncheon 12:00 = 13:30
Concurrent Tech. Sessions 13:30 - 17:25
Adwvisory Board Mecting 18:00 - 20:00

PLENARY SPEAKERS

TUESD 13, 201

Enerzy Production/Palicy Speakers

Charles MeConnell
Chief Operating Officer, Fassil Enérgy
Department of Energy, USA

Thomas J. Bonner
President
Cogentrix Energy, LLC, TSA

Steve Herman
Managing Director
Energy Capital Partners, LISA

'EDNES SEPTE 4

Internarional fystey

Yuzhou £hang
CEQ
Shenhua Group, CHINA
Steve Orlins
Presudent
National Committee on US-China Relations, USA

Sami Demirbilek

CEOQ
Ciner Group, TURKEY
1 "l j ol w 5

Envivommenral losues

Anthony Cugini
Director
Department of Encrgy, USA

Steven Winberg
Vice President, R & D
CONSOL Energy Inec.. USA

Frank Princotta
Director, Air Pollution Prevention and Control
Division, USEPA, LISA




TECHNICAL PROGRAM

16:25 - Extension of Reversible Carbon Dioxide Binding
by Frustrated Lewis Pairs to New Phosphine and Amine
Bases, Robert L. Thompson, URS/DOI <TL.; Krishnan
Damaodaran, University of Pittsburgh,

A

16:45 - First Principles and Classical Simulations of
Tonic Liquids for Carbon Dioxide Capture, Bo Zhang, J.
Karl Johnson, University of Pittsburgh/DOE/NETL,USA

17:05 - Using Novel Phase Change Solvents or High
Molecular Weight Silicone Oil for the Pre-Combustion
Capture of CO,, Maithew B. Miller, Robert M. Enick,
University of Pittsburgh; David R. Luebke, DOE/NETL,
USA

SESSION 54
SUSTAINABILITY AND ENVIRONMENT:
GENERAL-13
Jim Hower
15:25 - The 3rd Assessment of Pennsylvania’s ACT 54
— Protecting Structures, Land and Water Supplies from
Underground Coal Mine Subsidence Damages, 2003 to
2008, Anthony lannacchione, Stephen J. Tonsor, William
Harbert, University of Pittsburgh, USA

15:45 - Projection of Australian Coal Production -
Comparisons of Four Models, Mikael Hodk, Uppsala
University, SWEDEN; Steve Mohr, Geollrey Evans, The
University of Newcastle; Gavid Mudd, University of New
South Wales, AUSTRALIA

16:05 - EPA Mandatory Reporting Rule and PSD BACT:
Effects on Coal, ECBM and Lessons Learned from
the First Year of Implementation, Steven M. Carpenter,
Advanced Resources International, Inc., USA

16:25 - Minimizing Water Discharge and Maximizing
Re-Use in Coal Combustion and Conversion Processes,
William A. Shaw, HPD, a Veolia Water Solutions &
Technologies Company, USA

16:45 - Quality and Quantity of Flowback Water in
Marcellus Shale Gas Play, Elise Barbot, Radisav Vidic,
University of Pittsburgh, USA

17:05 - The Activity of the Water Gas Shift Reaction over
Copper Based Catalysts with Different Support, Dong-
Hyeok Choi, Joong Beom Lee, Tae Hyoung Eom, Jeom
In Baek, Seong Jegarl, Seug-Ran Yang, Keun Woo Park,
Chong Kul Ryu, KEPCO Research Institute, KOREA

POSTER SESSIONS
Wednesday, September 14, 2011
18:00 - 21:00

POSTER SESSION 1
COMBUSTION
P1-1 - Attrition as a Key Parameter for Evaluation of
Usefulness the Oxygen Carriers in Chemical Looping
Process, Ewelina Ksepko, Marck Sciazko, Olaf Piotrowski,
Institute for Chemical Processing of Coal, POLAND

P1-2 - Simultaneous NO /SO, Removal by Ammonia Gas
Excited by Atmospheric Plasma, Shinji Kambara, Yukio
Hayakawa, Kazuhiro Kumabe, Hiroshi Moritom, Gifu
University; Megumi Masui, Actree Corporation, JAPAN

P1-3 - Application of Sewage Sludge Ashes in Chemical
Looping Combustion of Solid and Gaseous Fuels,
Ewelina Ksepko, Grzegorz Labojko, Marek Sciazko,
Institute for Chemical Processing of Coal, POLAND

P1-4 - W2 Wobble Plate Prime Mover - Sealed Unit,
Jerry Willis, Admiral Air, Inc., USA

P1-5 - Morphologies and X-ray Parameters of Inertinite-
rich and Vitrinite-rich South African Bituminous Coal
Chars, Enctte Louw, Gareth D. Mitchell, Jonathan P,
Mathews, The Pennsylvania State University, USA

I'1-6 - Fluidised Bed Combustion of Brown Coal with
Different Ash Content, Osipov Pavel, Ryzhkov Alexander,
Remenuk Anastasia, Ural Federal University, RUSSIA:
Chernyavskiy Nikolay, Dulienko Sergei, Coal Energy
Technology Institute of NAS of Ukraine, UKRAINE

POSTER SESSION 2
GASFICATION
P2-1 - The Design and Operational Behaviour of a
Laboratory Scale Fixed-Bed Gasifier, Frikkie Conradie,
FB Waanders, North West University, SOUTH AFRICA

P2-2 - Analyses of an Entrained-Bed Coal Gasifier
Using a CFD Model Coupled with Chemical Reaction
Kinetics, Tsung Leo Jiang, Tai-Ping Wu, National Cheng
Kung University; Ming-Hong Chen, Po-Chung Chen, Yau-
Pin Chyou, Institute of Nuclear Energy Research Afomic
Energy Council, TAIWAN

P2-3 - Process Modeling of H,S Removal from Brazilian
Coal Gasification Syngas with MDEA, Michael Crocetta,
Thiago Fernandes de Aquino, Rui de Carvalho Junior,
Brazilian Coal Mining Association/DOE/NETL; David
Miller, Juan Morinelly, DOE/NETL, USA

P2-4 - Comparison Study on CO-Gasification Reactivity
of Different Chars, Liwei Ren, Jianli Yang, Institute of
Coal Chemistry, Chinese Academy of Sciences; Feng Gao,
Taiyuan University of Technology, CHINA

P2-5 - Model-Free Determination of Char-CO,
Gasification Kinetics from Thermogravimetric
Experiments, Thinesh Viltee, University ol the
Witwatersrand, SOUTH AFRICA

P2-6 - Progress of High Concentration Coal Water
Slurry (CWS) Preparation Technology from Low
Rank Coals and Lignite for CWS Gasification, Baoging
Li. State Key Lab of Coal Conversion, Institute of Coal
Chemistry, Chinese Academy of Sciences; Feng He, Yulin
Western Coal Technology Research Center, CHINA

P2-7 - Application of Brown Coal Pyrolysis Tars in
Black Coal Flotation, Peter Fecko, Eva Pertile, Monika
Podesvova, Josip Isek, Konstantin Babic, Lukas Koval,
Lukas Pjura, Tien Pham Duc, V8B — TU Ostrava; Josef
Vales, Jaroslav Kusy, Brown Coal Research Institute,
CZECH REPUBLIC

P2-8 - Investigation of Gasification Behavior of Turkish
Lignite in a Fluidized Bubbling Bed Gasifier, Ayse
Tarak¢tofilu, Selahattin Anag, Omer Sezgin, Mustafa
Ziypak. Vedat Mihladiz, Zeki Olgun, Abdullah Akega,
Turkish Coal Enterprises (TK1), TURKEY

P2-9 - Design of an Atmospheric Bubbling Fluidized Bed
for Co-Gasification of Coal and Paper Sludge, Giovanna
de Simone, Stefano Cordiner, Vincenzo Mulone, University
of Rome “Tor Vergata™. ITALY

P2-10 - The Resource Utilization of Water Hyacinth by
Co-Gasification with Coal. Haifeng Liu, Qiang Zhang,
Jianliang Xu, Xueli Chen, Xin Gong, East China University
of Science and Technology, CHINA

P2-11 - Effect of Bed Diffusion and Operating Parameters
on Char Combustion in the Context of Underground
Coal Gasification, Ganesh A Samdani, Shauvik De, Sanjay
Mahajani, Anuradda Ganesh, Indian Institute of Technology
Bombay, Mumbai: Preeti Aghalayam, Indian Institute of

Technology Madras, Chennai; Sapru R. K., Mathur D. K.,
UCG Group, IRS, ONGC, INDIA

P2-12 - Kinetic Studies of CO, Gasification in the
Context of Underground Coal Gasification, Ramesh
Naidu Mandapati, Sateesh Daggupati, Naresh Hanchate,
Sanjay Mahajani, Anuradda Ganesh, Indian Institute of
Technology Bombay, Mumbai; Preeti Aghalayam, Indian
Institute of Technology Madras, Chennai; Sapru R. K., Pal
A K., UCG Group, IRS, ONGC, INDIA

P2-13 - Development and Application of Entrained-flow
Coal Gasification Technology of ECUST. Xin Gong,
Jianliang Xu, Xueli Chen, Zhenhua Dai, Haifeng Liu, East
China University of Science and Technology. CHINA

P2-14 - Autothermal Reforming of Methane to Syngas
Over Y, 0 -Modified Ni/y-Al,0, Catalysts, Yizhuo Han,
Yisheng Tan, Qingde Zhang, State Key Laboratory of Coal
Conversion, Institute of Coal Chemistry, Chinese Acadeny
of Sciences; Laizhi Sun, Graduate University of Chinese
Academy of Seiences, CHINA

P2-15 - Methane Reforming with Carbon Dioxide Over
Nanostructured CO-Ni Catalysts, N.V. Shikina, Z.R.
Ismagilov, S.A. Yashnik, V.V. Kuznetsov, [.Z Ismagilov,
Boreskov Institute of Catalysis SB RAS, RUSSIA; G.B.
Aldashukurova, Z. A. Mansurov, Institute for Problems
in Combustion of the Kazakh Committee of Science,
KAZAKHSTAN

P2-16 - Methane Reforming with Carbon Dioxide
Over Nickel-Uranium Catalysts, Z.R. Ismagilov, S.V.
Lazareva, N.V, Shikina, V.V. Kuznetsoy, M.A. Kerzhentsev,
Boreskov Institute of Catalysis of the Siberian Branch of
the RAS, RUSSIA

P2-17 - New Technologies for Monitoring UCG. R. J.
Mellors, X. Yang, S, Hunter, J. Wagoner, W, Foxall, D,
Camp. S. J. Friedmann, Lawrence Livermore National
Laboratory, USA

P2-18 - A Study on Mass Transfer Coefficients in
Underground Coal Gasification Cavities, Sateesh
Daggupati, Ramesh N. Mandapati, Sanjay M. Mahajani,
Preeti Aghalayam, Naresh D. Hanchate, Anuradda Ganesh,
IIT Bombay; Mathur D.K., Sharma R.K., IRS, ONGC,
INDIA

P2-19- Mitigating Environmental Risk of UCG Project
by Detail Studies of its Geology & Hydrogeology,
Pankaj Bhuyan, D.K. Mathur, R.P. Singh, A. Kumar,
M.M. Dwivedi, UCG group, IRS. il and Natural Gas
Corporation Ltd. (ONGC), INDIA

POSTER SESSION 3
SUSTAINABILITY AND ENVIRONMENT
P3-1 - Fotoelectrochemical Properties of Thick Films
from in Natura Pyrite, Michael Peterson, Marcio Antdnio
Fiori, Universidade do Extremo Sul Catarinense; Adilson
Oliveira da Silva, Formula Inddstria Quimica do Brasil,
BRAZIL

P3-2- A CUBIC MILE OF OIL: Realities and Options
for Averting the Looming Global Energy Crisis,
Ripudaman Malhotra, SRI International, USA

P3-3 - Impact of Underground Exploitation in Romania
to Civil Constructions, Chirila Danut, University of
Petrosani, ROMANIA

P3-4 - Quartz in Thermal Coals of India: Its
Measurement, Abundance and Impact in Power Plant
and Environment, Anup Kumar Bandopadhyay, Shobha
Kumari, Rawesh Kumar, ] K Pandey, Central Institute of
Mining and Fuel Research, INDIA

P3-5 - Integrated Solar Combined Cycle System
to Achieve Near-Zero Emissions of Pollutants and



TECHNICAL PROGRAM

16:15 - The Medicine Bow Industrial Gasification and
Liquefaction Project -— Project Update, Robert Kelly,
Jon Doyle, DKRW Advanced Fuels LLC, USA

16:40 - Building a Cleantech USA “The New U.S.
Synthetic Fuel Industry”, H. H. Graves, USA Synthetic
Fuel Corporation, USA

SESSION 32
GASIFICATION:
MODELING -2
Kristin Gerdes and Mehrdad Shahnam

15:25 - Development of Advanced Gasification Kinetics
Models for CFD (and Process Simulation) Codes, Kiran
Chaudhari, Richard Turton, West Virginia University; Chris
Guenther, Mehrdad Shahnam, Ronald W. Breault, DOE/
NETL; Aytekin Gel, ALPEMI Consulting, LLC; Philip
Nicoletti, Tingwen Li, URS/DOE/NETL, USA

15:45 - Numerical Analysis of Gasification Performance
via Finite-Rate Model in a Cross-Type Two-Stage
Gasifier, Yau-Pin Chyou, Yan-Tsan Luan, Institute of
Nuclear Research, Atomic Energy Council, TATWAN; Ting
Wang, University of New Orleans, USA

16:05 - Development of a Devolatilization Model in
Multi-Phase Simulation of a Mild Gasifier with a Draft
Tube, Jobaidur R. Khan, Ting Wang, University of New
Orleans, USA

16:25 - Numerical Simulation of coal Gasification in
OMB Coal Gasifier, Jianliang Xu, Xueli Chen, Zhenhua
Dai, Haifeng Liu, Xin Gong, East China University of
Science and Technology, CHINA

16:45 - A Low-Dimensional Model for Detailed
Simulation of Coal Gasification Systems, James C.
Sutherland, Naveen Punati, Babak Goshayeshi, University
of Utah, USA

17:05 - Studies on Spalling of Indian Coal in the Context
of Underground Coal Gasification, Sminu Bhaskaran,
Sanjay Mahajani, Anuradda Ganesh, Indian Institute of
Technology Bombay, Mumbai; Preeti Aghalayam, Indian
Institute of Technology Madras, Chennai; Sapru R. K.,
Mathur D. K., UCG Group, IRS, ONGC, INDLA

SESSION 33
COAL-DERIVED PRODUCTS:
GENERAL-6
Belma Demirel and Steve Xiao
15:25 - The Effects of Catalytic Additives on the Reactivity
of Metallurgical Coke under CO, Atmosphere, LH. Choi,
E.J Kim, W.I. Lee, LK. Suh, Raw Material Research Group
of POSCO, KOREA

15:45 - Studies on the Effect of High Temperature
Carbonization Up to 2400°C on Coke Property from
Tertiary Coal of North Eastern Region of India, Ujjal
Bhattacharjee, Atulya Bhattacharjya, Central Institute of
Mining & Fuel Research, INDIA

16:05 - Scavenging of Hazardous Organic Pollutants
from Aqueous Waste Using Activated Carbon Prepared
from Indian Coal, Shripal Singh, Pragya Patil. Central
Institute of Mining and Fuel Research, INDIA

16:25 - The Possibility of Utilization of Carbon Black
from Pyrolysis of Municipal Waste, Dagmar Juchelkova,
Helena Raclavska, Adela Cizkova, Ondrej Zajone, VSB-
Technical University of Ostrava, CZECH REPUBLIC

16:45 - Closure Turf: A New Approach to Coal Ash
Closures, Lindsey Agricola, Agru; Mike Ayers, Jose
Urrutia, ClosureTurf, USA

17:05 - Rapid Coal Pyrolysis to Acetylene in Multi-
Stage Thermal Plasma Reactor, Yi Cheng, Binhang Yan,

Tsinghua University; CIiff Y. Guo, Xuan Li, Changning
Wu, National Institute of Clean-and-low-carbon Energy.
CHINA

SESSION 34
CARBON MANAGEMENT:
SECARB-ED CCS TRAINING SESSION -2
Jack Pashin and Steve Carpenter

15:25 - Water in Carbon Capture and Sequestration:
Challenges and Opportunities, James W. Castle, John H.
Rodgers, Jr., John R. Wagner, Clemson University; Gerald
R. Hill, Southern States Energy Board, USA

15:45 - Clean Coal Technology Development and its
Impact on the Energy Industry in the Southeastern
United States, Jack Pashin, Geological Survey of Alabama,
USA

16:05 - CO, Sequestration in Unmineable Coal with
Enhanced Coal Bed Methane Recovery: The Marshall
County Project, James E. Locke, Richard A. Winschel,
CONSOL Energy Inc.; Richard A. Bajura, Thomas I1.
Wilson, Ilema J. Siriwardane, Henry Rauch, Douglas
Patchen, Shahab D. Mohaghegh, West Virginia University;
Arthur W. Wells, DOENETL, USA

16:25 - China Coal and Carbon Capture and Storage
(CCS), Timothy R Carr, Wesl Virginia University, USA

16:45 - Public Outreach and CCS: A Critical Analysis,
Brad Kelley. Nino 8. Ripepi. Virginia Center for Coal and
Energy Research at Virginia Tech, USA

SESSION 35
COMBUSTION:
CHEMICAL LOOPING -2
John Wheeldon and Evan Granite

15:25 - Alstom’s Caleium Oxide Chemical Looping
Prototype, Program Update, Herbert E. Andrus, Jr., John
H. Chiu, Paul R. Thibeault, Carl D. Edberg, Alstom Power
Inc.; Bruce Lani, DOE/NETL, USA

15:45 - Iron Based Chemical Looping Processes
Developed at The Ohio State University, Deepak Sridhar,
Liang Zeng, Andrew Tong, Rae Kim. Zhenchao Sun, Siwei
Luo, Liang-Shih Fan, The Ohio State University, USA

16:05 - Comparative Investigation on Chemical Looping
Combustion of Coal-Derived Synthesis Gas Containing
H,S Over Supported Bimetallic Fe,0 - MnO, and Fe,0,
- CuO Oxygen Carriers, Ewelina Ksepko, Marek Sciazko,
Institute for Chemical Processing of Coal, POLAND:
Hanjing Tian, Thomas Simonyi, Parsons; Ranjani V.
Siriwardane, DOE/NETL, USA

16:25 - Chemical Looping with Oxygen Uncoupling:
Exploring Opportunities by Process Modeling and
Interpretation of Experimental Data, JoAnn S, Lighty.
Asad H. Sahir, Adel F. Sarofim, University of Utah, USA

16:45 - Modeling, Simulation and Advanced Controls
for Prototype Chemical Looping Process, Abhinaya
Joshi, Jic Luo, Xinsheng Lou, Carl Neuschacfer. Alstom
Power Inc., USA

17:05 - Study the Effects of Hydration on the CO,
Adsorption Capacity of Calcium-Based Sorbents with
Density Functional Theory Calculation, Siwei Luo,
Fuchen Yu, L.-S. Fan, The Ohio State University, USA

SESSION 36
COAL SCIENCE:
COAL SCIENCE -2
Jim Hower and Leslie Ruppert
15:25 - Influence of Discard Mineral Matter on Slag-
Liquid Formation and Ash Melting Properties of Coal

- A Factsage Simulation Study, JC van Dyk, MJ Keyser,
Sasol Technology R&D. SOUTH AFRICA

15:45 - Coal It’s Elementary My Dear Watson, Jonathan
P. Mathews, Vijayaragavan Krishnamoorthy, Encttc Louw,
Aime I. N. Tchapda, Fidel Castro-Marcano, Vamsi Karri,
Dennis A. Alexis, Gareth D. Mitchell, The Pennsylvania
State University, USA

16:05 - Full-Seale Mercury Control Demonstrations:
ICR Sampling with Mercury Control, Jason Laumb,
John Kay, Energy & Environmental Research Center,
University of North Dakota; Mark Thoma, Otter Tail Power
Company, USA

16:25 - Mercury Speciation and Emission from Pilot-
scale PC Furnaces under Air- and Oxy-fired Conditions,
Brydger Van Otten, Andrew Fry, Brad Adams, Reaction
Eingineering International; Larry Bool, Praxair Inc., USA

16:45 - The US-China Clean Energy Research Center:
Coal Developments, Jerald J. Fletcher, US-China Energy
Center at West Virginia University, USA

17:05 - The Effect of the Boudouard-reaction on
Reaction Rates of Coal Chars in CO,/O,- and N/O,-
Atmospheres at Oxygen Contents from 0% to 30%,
Dominik Christ, Malte Forster, Reinhold Kneer, RWTH
Aachen University. GERMANY

ORAL SESSIONS
Thursday, September 15, 2011
10:20 - 17:25

SESSION 37
MAJOR CCS DEMONSTRATION PROJECTS:
GENERAL -4
J. Hoffman and C. Mifler
10:20 - Status of the FutureGen 2.0 Oxy-Combustion
Large Scale Test Project, Mark H. Williford, David W.
Burbridge, Ameren Energy Resources, USA

10:45 - FutureGen 2.0 Oxy-Combustion Repowering at
Meredosia, Steve Moorman, Babeock & Wilcox, USA

11:10 - Air Liquide’s Global Readmap Toward the
Industrialization of Oxy-Combustion, Roger Gilchrist,
Mark Estopinal, Etienne Sturm, Jerry Oliver, Air Liquide
Engineering & Construction, USA

11:35 - FutureGen 2.0 CO, Transportation & Geologic
Sequestration, Sieve Winberg, CONSOL Energy
Inc.,USA

SESSION 38
GASIFICATION:
FUNDAMENTALS
Jenny Tennant and Pete Rozell
10:20 - Mineralogical Analysis of Coal Chars Obtained
by High Temperature Gasification of Gravity and Size
Separated Fractions of a High Volatile Bituminous
Coal, Nari Soundarrajan, LaTosha M. Gibson, Nandakumar
Krishnamurthy, Sarma V. Pisupati, Pennsylvania State
University; Lawrence I. Shadle, DOE/NETL, USA

10:40 - Particle Deposition Predictions by Critical
Yiscosity and Mechanistic Particle Deposition Models,
John M. Kuhlman, Weiguo Ai, West Virginia University,
USA

11:00 - Coal Ash Behavior in Reducing Environments
(CABRE) III, Joshua J. Stanislowski, Donald P. McCollor,
Kevin C. Galbreath, Danicl H. Schwitalla, University of
North Dakota, USA
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Shenhua DCEL Demonstration Project

1 MM tonly DCL unit reached max. 100% of disigned

capacity, coal conversion rate reached 91% of the dedign

and the DCL plant realized lomg-time steady operation.
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Results: Model Validation
* Comparison with Industrial data.*
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Background
LR World Energy Demand & Electricity

In the IEQ2010 Reference case, world marketed energy consumption grows by 49%
from 2007 to 2035.

Fossil fuels are continued supplying much of the energy used worldwide. The Coal
shares of world marketed energy consumption ralses from 26.7% In 2007 to 27.9% in
2035

World net electricity generation increases by 87% in the Reference case, from 18.8
trillion kWh in 2007 to 35.2 trillion kWh in 2035. Coal-fired generation which shares
43% of world nat electricity in 2035 increases by an annual average of 2.3% in the
Reference case.

Instibute of Nuchear Energy Research
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Background
- "= Previous work on gasification modeling in INER
— During the development of gasification model of INER, an

intermediate step was undertaken by applying "instantaneous

gasification model” to the heterogeneous reactions by assuming

that the carbon solid is instantaneously gasified, and the reaction

rate of each reaction is determined by the turbulence eddies via

the eddy-dissipation model.

- The overall results revealed that the instantaneous gasification
model can quickly obtain preliminary results of coal combustion
and gasification in a two-stage entrained-flow gasifier.

Instibute of Nuchear Energy Research
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= CONTENTS

+ Background

* Model Description

+ Methodology
 Results and Discussion

+ Summary Taiwan

INER (Institute of Nuclear Enargy Research )

“ History: founded since 1968 and currently under the administration of
Aomic Energy Council (AEC).

Wisslon: the sole national research institute,

technologies R&D and pramotion for pea

sciencs in Taiwan

“ Location: in Longtan, Taoyuan County, ~30 miles SW away from
Taipe: {about 1 Aour dnve). in scenic and histonc suburban
surroundings close 10 the Shihmen Resario

(cated to energy
applications of nuglear

Instifute of Huclear Energy Research
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Background
Taiwan’s condition & Energy policy

+ Primary Energy Demand in 2009 + Past amount and predicted
Solar Thermal future amount of CO, emission B

4 \{4 1% Natural Gas the amount of injected CO, is

over 90 ML by 2025, the amount af S
| €O, emission in 2025 will be d
| identical with that in 2000.
| (govemmental goal) |

0.32% Conventional
Hydro Pawer

/8.54% Nuclear Power

[0, parveae |

0.0
Solar Photovoltaic

and Wind Power
Seurce: Buresu of Enbrgy, Enargy Staistes Harvdbock 2040,

+ Energy policy:
1. _Raise energy efficiency
D y_'— Clean coal technology
" Ensure steady energy — Coal gasification + CCS
supplement

Saurce: Burssu o Eneegy,
Mevslry of Ecoromic At

Institsite of Muckear Encray Research
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= Motivation

In the next decade, coal-fired power generation will continue to be the
main power source in Taiwan; therefore, it is essential to develop new
technologies such as coal gasification that can extend the usability of
coal more cleanly and efficiently.

The main objective of this paper is to replace the previous instantaneous
gasification model with the more realistic heterogeneous finite-rate model
to improve the understanding of the gasification processes in the E-Gas
like gasifier as well as to investigate the effects of operating parameters

The ultimate goal is to use the developed CFD modeling capability and
the knowledge gained during parametric gasification analyses to design
and establish a demonstration facility in INER.

Institsite of Muckear Encray Research
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Model Description
The Wabash River IGCC Power Plant

In July 1992 the Destec gasifier was used as demonstration of repowering a
pulverized coal-fired boiler using an integrated gasification combined-cycle
(IGCC) system.

Commercial operation began in November 1995,

Plant Performance

i
Cul

5%

Souress DIOE, 2060, The Viabash Rber Casd Cesllcson Rapawering Projest

Institute of Nuchear Energy Research
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Model Description
Gasification CFD Model

Fluid flow, heat and mass transfer, and chemical kinetics.
Eulerian-Lagrangian multiphase method:
Continuous gas phase with reactions.
— Discrete Phase Mode!l (DPM) for coal slurry .
(performed at every 50" iteration of the fluid phase calculation)
Coal particle processes:
« Particle injections
« Inert heating
- Moisture release
- Devolatilization
« Char combustion and gasification
Temperature of 2500K was patched in gasifier to inif
reaction.

Institute of Nuchear Energy Research
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Model Description
Boundary Condition

whilia B |

whikia R

s Model Description
(Apss E-Gas (Destec) type Gasifier

Two stages: a slagging first stage and an
d-flow, n lagging second stage.

Cross-type gasifier, slurry feed, oxygen blown.

In the first stage:
— The fuel slurry is partially combusted with oxygen
at nominal conditions of 2,600 F and 400 psia.
— Oxygen and slurry are fed into the first stage
through two opposed mixing nozzles of
proprietary design.

I
-
5
o
"]
o
Q
]
3
a
4
]
o

" Only additional slurry is injected.
— The endothermic reactions cool the syngas and
increase its heating value due to the increase of
CO and H,.

S
ol Gzt

Institate of Nuclear Energy Research
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s Model Description
= Methodology & Equations

The CFD solver: ANSYS FLUENT
= Turbulence: Standard k-¢ Model
Radiation: P1 Model

= Two phases: Discrete Phase Madel

Reaction: Finite-rate/Eddy-dissipation
rate Mode|

(Gasification)

AT oxplEIR gas phase

Reaction 2Pa®5) | E(lkmol)

(Watershif)

| oorez | 1.i5E-08

Sourea: Slaan, A s 1. Wang, Ceamparacn cf raiartnsaus, squlbrUm, ane finie.calo.
¥ gasker, Caa

‘ whkia R

Conferencs. 200 Pristurch, USA
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s Model Description
= Base Case & Grid Sensitivity

(Gusification. Boudouard reaction)
C(s)+H,0(g) - CO+H,, AH'x =+131.4 MI/kmol (K3}

CO+ 40, - 00, A", = ~283.1 MIikmol

Heterogenecus

T 1020, - CO ] 0052 GADESO7 | ”

€, +CO, - 2C0 |o | ooraz Tgserig| OO+ H0) =00, +H,, A
o

1908, Tha Wabesh Rivar
n Régparmaring Projact.

whkia R

Heterogeneous (solid and gas) phase
Cis)+ A0, = CO.AH g ==110.5 M) kmal ’R1)
C(s)+C0O, = 2C0O,AH g =+172.0 MIkmol R2)

(R4}

—AL0MI%kmal (R5)

CHy 5000 250 — 0.358H2 +0.264C0 +0436CH,  (Rg)

O +1/20,—CO, _ a 220E+12_ | 1.67E+0B +0.05C, H, (Volutl 2

CHy g1 Op 344 — 0.3585H; + a

QZCOY 4365H, + 0050 Cll, #1120, = CO+2H, (R7)
By s 30, 800 + 31 = eddy-dissipation rate 120, = 2H,

CH, + 1/20, — CO + 2H, a CgHy +30, —6C0+3H, (RE)
CO+H,0—~CO, + H; a 275E+0Z | 8.38E+07 " ™

+ 491,687 computational cells
Hlinois #6 coal

Meshes 491857,

Operating pressure: 28 atm

Adiabatic wall.
Rosin-Rammler distribution

whiia R
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Mass Temperature
Flow rate
Coal Slurry | 39.7 kg/s 411K
Oxidant 22.9kgls 450 K
0,/Coal 0.918 o= e
Coal slurry 067 g
concentration el e

+ The outlet results are compared
with the reference data.

* Except for H,O has a 6.52
percentage point difference, the
differences of other outlet gas
species are below 3 percentage
points.

Qutlet Results | Base case| Ref."

+ The differences of the outlet species
and temperature between the cases
of 0.49M and 1.05M are less than
3%.

+ Since the objective is to examine the

global gasification behavior, the

0.49M grid is used for further
studies.

Cell number |0.12M | 0.31M | 0.49M | 1.05M

* NETL. 2005, CAPE-OPEN Integation for Adwancad Procsss.
Enarwsing Co-Si1u8101

38.59 35.90
Mole H, 23.26 22.90 CO | 38.26 | 38.64 | 38.59 | 38.36
Fraction | €92 11.56 12.20 Mole [y "321| 233 |2326 | 2268
raction 'y o 1743 23.90 Fraction
(%) NI 360 260 (%) CO, | 11.86 | 11.49 | 11.56 | 11.76
CH, 4.01 1.70 H,0 | 17.39 | 17.45 | 17.43 | 17.90
T(K) 1865 £ TiK) 1876 | 1863 | 1865 | 1910

Institate of Nuclear Energy Research
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Results
Flow Field - 15t Stage

=L Results
A= Flow Field — 2" Stage

The strangly lateral injection in the 4 2Te0

ol o sy e e, Velodity Wl oo o
§ : & m ‘away a 38deent y
against each other in the middle of the Field in a large recirculation zone above Field (m/s)
bottom cylinder. And then join together to the 2m-stage Injector. 3.462+01
flow upward to the 2.stage section.
307601
> This slow-moving recirculation zone
1
Il ieatage sam?"‘ Hincacare oo = occuples a portion of the gasifier like 2 89a+01
small vortices occurring above the main & Hlodkaga which tedkiees e
stream and then disappear near the effective area for the core flow to 23401
center of the cylinder. pass through.
1828401
As the stream flows from the horizontal The reduced area separates the
cylinder upward, four small vortices can 1.540401
be found in the right cross-sectional Views. i _ fﬁmﬁiiﬁ:ﬁzﬁ?ﬁmm the I
and these vortices also disappear as the .
¥ reducing the opportunities of species
upward stream flows through the throat mixing. This would be a non-ideal 7708400
region. 5 i
b condition for gasification, 3 o
244002

Institute of Nuchear Energy Research
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Results 7. Results
Temperature Field — Particles & Pathline
The oxidation and combustion reactions — + Coal particles are consumed + The majority of the pathline colors

generate significant heat, and the
temperature in the middle of first stage is 2760403
raised to about 3000K.

2500403
An obvious temperature drop occurs ol
after the 2™ stage injector, indicating 2008403
that the endothermic gasification

reactions dominate in this region under itk

the oxidant-starved condition. The exit +.498403 i |
syngas temperature is hence cooled

down to 1865K B~

727eraz

47302

2186402

within about 0.3 seconds. are blue and turquoise ranging

between 2 and 6 seconds

il Pathiine
i (sec.)

time (sec.)

whkia L

whkia L
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Results =2 Results
Concentration - CO & CO, Lo Concentration — H, & H,0

1%t stag:
— COis first produced (carbon oxidation)
along the core of the mid-section of the
bottom cylinder.
CO, is produced (CO combustion)
surrounding the core of CO-production
region shaping like a series of fari in the
vertical cross-sectional contour views.

2™ stage:

~ Due to the lack of oxidation, CO is hence *

produced via Beudouard gasificalion and
steam gasification,

Tori shape
CO,-production

whikia B

Institute of Nuchear Energy Research
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+ 1s'stage:

~ H, is produced near the inlet region and
in the annular region via either water
shift reaction or thermal cracking and
gasification of volatiles.

20 stage:

— The Boudouard and steam gasification
reactions contribute to the quick
consumptions of H,0 in the region
slightly above the 2™ injector. H, is
hence produced in that region.

Institate of Nuclear Energy Research
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Results
= Effects of Slurry Concentration

The decrease of slurry concentration indicates more water being fed under the same
O,/Coal ratio.

This results in the left table are not consistent with common intuition that by adding
more water, both H, and CO, are supposed to increase rather than decrease.

It is deduced that the problem is caused by WGS reaction rate, and a series tests of
reaction rate have been made.

Finally, the value, 2.75E+03, of the pre-exponential factor is found giving a more
reasonable result as shown in the right table.

No solid conclusion can be made, except the fact that WGS reaction rate has a
major influence on predicting the gasification process.

Befora difying WGS reaction rate After ing WGS reaction rate
0,/Coal 092 092 092 0,iCoal 0.92 o.g% 0.92
Coal/Slurry 0.55 0.67| 0.75/ CoaliSlurry 0.55) 0.6 0.75|
0 | 30.45| 30.26] 29.64 18.73| 21.58| 2522
A 120] 1.81] 1.38 2.00]
lkais) __D2 1333 14.24| 1523 3043| 28.29| 22.74
1808] 8.79| 449 10.07| 288 085
1555 1865| 2098 1%
I A
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Results
Effects of 15t-2" stage fuel distribution

As the amount of coal slurry in the 15 stage increases, the
exit termperature, H, and CO, mole ion increase,
while CO mole concentration decreases.

The right figure shows that the temperature, CO and CO,
distribution are quite different between the height from Om to
4m, but the differences converge at the exit.

The space of E-Gas gasifier is large enough to allow for
chemical equilibrium; hence the effect of fuel distribution on
the gasification performance is less noticeable.

1#-27 stage fuel 78%-22% | 100%-0%
il _g‘ RS (base case) | {one stage) |
Mole 0 39.90 38.59 7.27
P 2187 2326 4.65
:‘;2;’“” 0, 10.20 156 296
0 18.94 17.43 6.14
Syngas HHV (MJ/kg) | 1046 1049 1045
CGE (%) 80.73 81.00 50.68
e (K) 1858 1865 1900 -

Institute of Nuchear Energy Research
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Summary,

The single jet injection in the second stage induces large recirculation regions,
which decrease the residence time of main flow and may reduce the gasifier
performance. A design of multiple tangential jets injections in the second stage
can be considered.

Future effort should be made on the water-shift reaction rate under the non-
catalytic condition, and investigate the effects of turbulent model on the
gasification process.

whikia R

Institute of Nuchear Energy Research
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Results
Effects of Oxygen / Coal ratio

The weight of feeding coal and water are fixed; higher value of O,/coal ratio
indicate more oxidant in the feedstock.

When more oxidant is fed Into the gasifier, the exit temperature and CO, mole
cencentration increase significantly, while CO mole concentration decreases
due to more complete combustion occurs.

Syngas healing value and cold gas efficiency decrease as the increase of
Q,/Coal ratio.

O./Coal 0.80 0.85 0.97 095 1.0
ry 0.67| 0.67| 0.67| 0.67| 0.67|
co azog|  4109|  3ss59 369| 3534
s 2339| 2313|2328 235| 2366
%) €O, 715 9.04 11.56 13.18 14.79
H,0 16.63 17.2| 1743 176] 1786
Temperature (K] 1543  1ees|  1ee6|  1957| 2086
\Syngas HHV (MJikg) | T1.79| 1122  10.49]  10.08 962
lcGE (%) 8669 8427 8100|  7862] 7665

whkiar L
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Summary,,,

A 3-D numerical model with more rigorous control of chemical reaction rate
instead of previous instantaneous model has been build for the gasification
modeling. The results of base case show good agreement with the NETL's
result,

Effect of O,/Coal ratio:
— The increased O,/Coal ratio leads to higher exit temperature and CO,.
— Both the decreased syngas HHV and CGE indicales that the increased O./Coal ratio
results in poorer gasification performance to produce fuels.

Effect of coal slurry concentration:
As the coal slurry concentration increases (i.e. reduced water), the amount of H,, GO,
and H,0 decreases, while only the amount of CO increases
~ The results are found very sensilive o the WGS reaction rate. It will need more
accurate WGS reaction rates under non-catalytic condition and better gasification
syngas data to help validate the prediction model.

Effect of 1#-2™ stage fuel feeding distribution:
— As the amount of coal slurry in the first stage increases, the exit temperature and H,
and CO, mole concentrations increase, while CO mole concentration decreases. The
comprehensive comparison shows that the case of 78%-22% led to marginally higher

syngas heating value and cold gas efficiency.
whiis T .
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