INER-F0999 INER-F0999

S (IR )

fesrEb IR = AFORE 2015 258 %
B BT

T | Bk

I R ST

ITE % ¢ R

LUERHARE ¢ 104 & 11 ] 3 FI~104 % 11 E] 6 F!
5 EIE T 104 5 12 5] 21 F






m =

AR B RIERRAEIRTFERT (KIER) #G5 - LB 21 AFORE 2015
(The 5th Asia-Pacific Forum on Renewable Energy) s/ » #{F Clean Coal Technology
(CCT) & Carbon Capture and Storage (CCS) 5k > iz (Invited Speaker) » i #¢FEH
G

AFORE 2015 HEEEHT e FAERETREE S (KSNRE) 3 - EREHISHE PSAE
JERE ~ R~ |t PR AT EI TS - A OIS R R SR B
T ¢ AFORE REGIERT L MTEAE R ~ BUR ~ RIS K AR Tl Matam - B
oL S TR R TEN EEAR - BFEAKM BT ) | BRI b $at
EFTEBIEEREE - EEFEHED) - BRERERITFCT AR RE ISR T 2 - 2 HEE)
T > IR EEHZ B TS < SIS LA ke T B E G > EERARE ]
TR BIRE & 1F 2 ERERATHHFEER -



[ |

1]

H 3



—H

FHEENE SRR B - BUR R (A AE TR 25 R BE E 5 [FIR - B E PR 2L EIR
& o 5 LR S S8 i T R T - [ REI N RE TR 28R AT - #REb 72T (2L
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11 5 06 H(ZHAT) I (CIU) EFERESIER - XBlaENkE (TPE) PR
8% R EIL

(Z) EAEEKBAEEFEwE (The 5th Asia-Pacific Forum on
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1. Photovoltaics

2. Solar Thermal

3. Wind Energy

4. Bioenergy

5. Marine Energy

6. Geothermal Energy

7. Small Hydro Power

8. Waste Energy & Utilization
9. Hydrogen & Fuel Cell

10. Low Carbon Technology
11. Policy, Strategy & New Business
12. Energy Storage System

13. Smart Grid

14. CCT & CCS

FEHEEFBAETER 11 A 5 HE—B% > XH (Z2H1) BEIEEN (CIV)
RIS > R SEPkE (TPE) BFEIES > SERAARAETE -
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>> Forum Schedule

November 4{Wed.)

Crystalball | Crystalball| Crystalbal
room | room Il | room lII

Time Emerald |Charlottee| Pearl Jade Ruby

9:00~18:00 | Annual Fall Meeting of The Korean Society for New & Renewable Energy 2015

November 5(Thur.)

Time Eryeslbatiibrr-talbalbiCiystolbasl Emerald |Charlottee| Pearl Jade Ruby
room | room |l room Il
530~ Annual Fall Meeting of The Korean Society for New & Renewable Energy
: & AFORE2015 Registration
Speical
Session |
Wind cer/ecs ‘Internation
8 i Low Caron | 5| jgint Smart Grid |
9:00-11:00 nergy | ({Dr. Ho-Jung| wrkshop (Dr. Suyong
(Dr. Hyun-Goo RYU/ oh Susar CHAE)
KIM) | Prof. Kwang | 78 ='P°
Balei) Northeast
Asia’
11:00-12:00 POSTER DISCUSSION-1
12:00~13:00 Lunch
13:00~15:00 Plenary Sessions (Crystalball room) (Chiar : Prof. Eunnyeong Heol
15:00~15:15 Break time
Wasted
Marine [ Eenrgy &
Geoth If Hyd 5
E?“eg;n}a o Izluglogiﬁ | Energy I |Utilization |[Bio Energy |
15:15~17:00 (Prof. Jong [Dr. Seok_Hed [Prof. [Prof. Weilin |[Dr. Kyubock
i -CHOI? "PARK) Domenico | ZHUGE/Dr. LEE)
COIRO) Yeon Seok
CHOl)
17:30~18:30 Opening Ceremony (Crystalball room) (Chair : Dr. Heon Jung)
18:30~20:30 Banquet (Crystalball room)
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(RN Cryotalnal Crystalball Crystalball P g fenSigtee]| Pear Hd- Ruby
room | room Il | room Il
08:30~ AFORE2015 Registration
Speical Wasted
wpeical S(--A'SIES.'-IJ‘r)'?h”I Hyd S:a'[\_rg)t(. . Speical
| . - ydrogen ’ ilization
09:00-1030 | Session 11} pojicy | Apundant [Smart Grid| & Fuel | Marine I [Session IV
New & Energy Il .
Renwable |StBteay & & Il Cell 11 Prof [Dr. Yeon |The Future
E New | Non-toxic | [Prof. Jee [Prof. Tof. | seok CHOI) of
nergy 3 Changjo
2 Business | Solar cell | Hoon JUNG) | Kyoungyoun YANG Mocroalgae
Hybrid h ) SN
: Materials KIM) Biorefinery
system and
10:30~11:00 Devices' ESS
[Dr. Sun-Hwa
YEON)
11:00-12:00 POSTER DISCUSSION-2
12:00~13:00 Lunch
ccT/CcCS 3
Hydrogen ; Solar Speical
i | wna | Mo fooremal S Mare | vt | somn
aron ‘Bi
13:00-1500 | (pror. | ENerOY M=ot tel  lor cett 11t | ="2% T | /Photovolt | Biotechno
g [Prof. Bum : [Prof. : aics logy for
oung-Do suk Kim) MOON/Dr. | Young-Jin K Changjo (Prof. Ji Fuel d
CHOI) Jeom-In BAIK) youngyoun | yanG) nok.oin_ (CHeLSEand
BAEK) KIM) Hyeok Kim) [Chemicals
15:00~15:15 Break time
Bio Energy
15:15~15:40 Closing ceremony (Crystalball room 1) (Chair : Dr. Heon Jung) [[I)lr
You-Kwan OH)
November 7(Sat.)

09:00~ | Technical Tour
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KRN FEURNEFR B RS FE R as - A LR N2 056 TUE K AR RE TR
tg (The 5th Asia-Pacific Forum on Renewable Energy, AFORE 2015) > #&{f- CCT & CCS 5
RGBT - SREEER - (F2 BRI IRER g EH 2w CE  I
B R B U BRI S e TR » ARE R 70 B R B R Y N S0 -

(—) AFORE 2015 X&#H7E

FIIEEARKFEAERERRIE (AFORE 2015) /2 2015 42 11 H 4 H 2 7 HAEFEEPE N
(JBIU) 2817 ([ 11-1 ~ 11-3) » Fsg Bl e A AR AR e (KSNRE) 3 5 I8k & B
BT [ P R B 2 i B B2 12 World Renewable Energy Network (WREN) - Japan
Renewable Energy Council (JREC) ~ China Renewable Energy Society (CRES) ~ Chinese
Society of Engineering Thermo-physics (CSET) - Guangzhou Institute of Energy
Conversion (GIEC)Z - S {E & BN HAYEFE (L TIRAT ~ BHFEAR ~ #0% ~ B4/
HAr ARG - BoRFIHIE R ~ SSHARE - B EIBEE - I SRR
F o R i S AR R IR RISV R A TAZ B S - EE H AR SRS RIR 2K
AR BLREK -

AFORE 2015 €325 11 A 4 0 (EHI=) BhFa  BlEENE KGR
(&l 111-4) : 7 ERBA4G KSNRE FKZAF 6 - 1ff AFORE Z a2 il 5 2 VU -5
IR T - REHYBERIGH 11 5 5 H (2HIU) BGEa T - Bk £ EGETE
HEEEEE (& 1-5~111-6) 5 fEf% - B EE=imR L2 - I EIEHAE T2
GAESES) (B -7 ~ 11-12) - B2 e K& THE R I FE AT P R 2R (&
11-13) -

ARERErEaosEiEg 11 H 5 H (EHM) B ERERET > ohEleEs
(Plenary Session) ~ 5 CIBHE R ~ R BER R SRR =B 57 » K B AR P Al i A
L

1. Plenary Sessions
KEgiyefees# (Plenary Session) fEEHAU N7 (1& 111.1.1-1~ 111.1.1-2) »

27 =35 Keynote sk @ SIERBH B Z BRI EARESIEATT
9



Plenary Sessions (Chair: Prof. Eunnyeong Heo)
P1- DEEP DECARBONATION - THE MOST PRESSING CHALLENGE OF THE <2030
AGENDA’
Dr. Soogil Young
Research Professor of Green Growth and Sustainable Development KDI School of Public
Policy Management; Director, Sustainable Development Solutions Network (SDSN),
Korea
P2- LONG TERM ENERGY OUTLOOK OF JAPAN
Prof. Gento Mogi
University of Tokyo, Japan
P3- RECENT ADVANCES IN THERMAL ENERGY STORAGE USING PHASE CHANGE
MATERIALS
Prof. Yogi Goswami
University of South Florida / Editor-in-Chief of Solar Energy, USA

A R B R R SRS I ~ R 2 BRI e ) R B R R S e
(1) DEEP DECARBONATION - THE MOST PRESSING CHALLENGE OF THE
2030 AGENDA’ (& 11.1.1-3 ; 11.1.1-4 ~ 111.1.1-26)
+—HAH TFAKEE (Plenary lecture) BYE (1 &S Prof. Soogil Young £y
%% Sustainable Development Solutions Network (SDSN) 1y Director ([&] 111.1.1-3) -
% BT ot NS A AU S B KBRS NI S B HEE) T 2030 s8R, 238 UH
PERERG RO AR > HE R AIE 11114 ~ 1111126 FiR - [
AL E HwE MR
A. Title of presentation (& 111.1.1-4) ;
B. UN ‘2030 AGENDA’ ([&] 11.1.1-5~ 111.1.1-7) ;
C. The 2°C challenge ([&] 111.1.1-8 ~ 111.1.1-10) ;
D. DDPs (& I11.1.1-11 ~ 111.1.1-14) ;
E. Anillustrative exploration of DDPs in Korea ([#| 111.1.1-15 ~ 111.1.1-22) ;
a. Prospect (& I11.1.1-15) ;

b.  Mission and target ([# 111.1.1-16) ;
10



c. Solutions ([&] 111.1.1-17) ;

d. Emissions ([& 111.1.1-18 ~ 111.1.1-22)

Three scenarios (& 111.1.1-23 ~ 111.1.1-25) ;
G. Utilize DDP analysis ([&] 111.1.1-26).

BBl E 2014 FREHED) " 2030 e - fEEE T 17 IH KSR HAE (SDGs,
Sustainable Development Goals) | » H.F 54 GEEES ~ BYLATE = - B irRsEH
Ek (Source: https://sustainabledevelopment.un.org/post2015/transformingourworld) - 1£
248 SDGs 1 - ANEEAE VIHIPRER 52 R (Deep Decarbonization) % ;
It B RTEF 2B SR IE Rt 1T 7k 45 58 2 (5. 22 DDPP (Deep Decarbonization Pathways
Project) - &% s[RI 7 DDPP 2 FHANZ - I ARV PRR B HINILAER Y - 4845
RN A DDP pffr 2 i - R RENEE NREREREL 28
REAEEESSEE - EFE AR -

(2) LONG TERM ENERGY OUTLOOK OF JAPAN (J&] I11.1.1-27 ; 111.1.1-28 ~
111.1.1-44)

KNS AEEEE Prof. Gento Mogi» {EB A H A University of Tokyo (&
11.1.1-27) » 32858 2 NS T ZARM H AN RIZREIF RS - H BB &R 2
11.1.1-28 ~ 111.1.1-44 FoR - TSR EE S NG
A. Title of presentation (& 111.1.1-28) ;

B. Strategic energy plans ([&| 111.1.1-29 ~ 111.1.1-31) ;
C. Issues changed since 2014 ([ I11.1.1-32 ~ 111.1.1-35) ;
D. Basic viewpoints of energy policy (& 111.1.1-36 ~ 111.1.1-40) ;

=

Energy demand in 2030 ([&] 111.1.1-37) ;

b.  Primary energy supply in 2030 ([#| 111.1.1-38) ;

c.  Primary energy mix in 2030 ([#| 111.1.1-39) ;

d. Constitute of renewable energy in 2030 ([&] I11.1.1-40) ;
G. Wind and solar PV outlook ([&] I11.1.1-41 ~ 111.1.1-43) ;

a. Land category ([#| 111.1.1-42).

b. Potential of wind and PV ([&] 111.1.1-43).

11



H. Scheduled decommissioning of existing reactors (& 111.1.1-44).

HATEA M ZCOIRIHIET TR SRS (Strategic Energy Plan) » i@ #HELE
mE L EEEMFE - F - FEEISHHETHERIEL - 2R T H AR RIE
RERE C FENE - MEANBELZEE "3E+ S, sEliBOR  EEEZ » 8
R )Y Ry EEAIE - 5350 > SEERARMIHE S H AT AL RE SN 2 PRI A5 1R
12 - AHEEPTEEE L ES BRI A 2 EE - ESRNHEETERE -

(3) RECENT ADVANCES IN THERMAL ENERGY STORAGE USING PHASE
CHANGE MATERIALS ([ 11.1.1-45 ; [&] 111.1.1-46~ 111.1.1-70)

K E e = (EE%E Prof. Yogi Goswami (£~ 3%E] University of South
Florida » £ J. of Solar Energy 1y ¥4 ([&l 111.1.1-45) o 3% 85 2 N F B R A 24
RERAF Il S8 fee - H BB ERHE S ANlE] 111.1.1-46~ 111.1.1-70 AR - (i 85 5

5 Nl
Title of presentation ([&| 111.1.1-46) ;

=
A
B. Energy storage options ([&] I11.1.1-47 ~ 111.1.1-48) ;
C. CSP (concentrated solar power) technologies ([&] I11.1.1-49) ;
D. Costissues (& 111.1.1-50 ~ 111.1.1-51) ;
E. Thermal Energy Storage (=] I11.1.1-52 ~ 111.1.1-55) ;
a. Sensible heat storage ([&] 111.1.1-53) ;
b. Latent heat TES (& 111.1.1-54 ~ 111.1.1-55) ;
F. Recent developments of PCMs (& 111.1.1-56 ~ 111.1.1-66) ;
a. PCMs (phase change materials) properties ([#| 111.1.1-57 ~ 111.1.1-58).
b.  Encapsulation of PCM pellets (] 11.1.1-59 ~ 111.1.1-62).
c. Cyclic performance ([&] 111.1.1-63).
d. High-temperature PCMs (2] I11.1.1-64 ~ 111.1.1-65).
e. Lab-scale test system (& 111.1.1-66) ;
G. Geothermal energy: storage and transportation ([ 111.1.1-67 ~ 111.1.1-68) ;

H. Summary & conclusions (& 111.1.1-69).

12



B E RS TR AV B MEGRES - BETRERFRON )Y R A RE G R 3t e Z BRI 2 -
2o L N LB AR (EAE (phase change materials, PCMs) {EEAAERETT
Rt 2 Fofrs& e THEHATRIPAEERETT (Thermal Energy Storage, TES) Za&t 2 iliAK
iRl EREIREZ 40% DUT « B ZEWRhRUN AT A E g T - RATE
A -

2. Oral Paper Sessions
AFORE &K b~ TFE R B - 73 5ll2e Pk 1 58 S A BB S i
XfEor s gia RS AREVTER - SPREES /S HEEER (Lecture) o HFY
KSNRE BkRFE 41 11 A 5 H (28 hn=ds (B 11.1.2-1) - k- TF%
ZHEAE 4 S TS e 11 B 6 H (2870 » AR E ~ MFSZHRE 8 (i
TR (3= 11-1) » Reifasi & piac-+ PUIE<RiE - HOER U= B 150 7 -
BERRIESE - Aed sk 7 B EBE R RSO AR -

(1) KFTfELL AFORE Kerdhads 2 #sgmEs# (B 111.1.2-2 5 [& 111.1.2-3 ~ 111.1.2-26)
AKX AFORE Kgaifs (11 H 4 HE 7 H) BUEENEME THEESE Hik
—EBEtTEg® 1L HSHETH) @& mEFELHERILATH (BIX) £
%EZ NEP-1l JFE Efhpl Rl s - SUTIE 2 ZHREE A= - &EBUR &
Atk - HiZ A9k CCT & CCS YE 45X ZHHE 11 H 5 H (BIH) B4
R EArEEE (8 11.1.2-2) - SHATE OB R G52 TR
(Crystalball room [1l) - SE&EEFEANR 2 BEEERHE SR 111.1.2-3 ~ 111.1.2-26 A
T o
FH L NS E SR B B a2 BB - KREEHEZ AT EEHEE
&+ (Dr. Heon Jung, Principal Researcher, KIER) Zo~ » HEE 7 fEHER INER 2
i< e KIER Z TEEASEREM - MEARKREAEAHE & - 5
BEEEEAAIESE - UE—D 3T -

(2) LK AFORE K g rhasdk 2 fHRARI R MR L
S # IN-CCT&CCS-2 : Agm~rHy Pacific Northwest National Lab. (PNNL)
[USA] BB ZE A E &% (B N1.1.1-27) » EHEE T B “INNOVATION IN

CATALYSIS AND REACTION ENGINEERING FOR THE CONVERSION OF
13



BIOMASS INTERMEDIATES TO FUELS” » @A £ B YE (L B lhiel GBI - Sk
N E 11.1.1-28 ~ 111.1.1-50 fAfrr ©

i # O-CCT&CCS-1 : Kim HH Korea Institute of Industrial Technology,
[Korea] MYRIZE N B3 - JEET s “PERFORMANCE EVALUATION OF
AN CCS-DEDICATED POWER GENERATION SYSTEM - PRESSURIZED
OXYFUEL COMBUSTION?” » &}~ Oxyfuel $EI - 8N A2 40E 111.1.1-51 ~
.1.1-62 A~ e

s #0-CCT&CCS-2 : AzmH Sungkyunkwan University [Korea] AYWTZE
ANE#FR > HETEE “CFD SIMULATIONS ON COMBUSTION, HEAT
TRANSFER AND NOx EMISSIONS IN 100 MWe OXY-COAL FURNACE” > &
1A Oxyfuel 8IS, - JEzEAN ST ZE] 111.1.1-63 ~ 111.1.1-80 fff7s e

s # O-CCT&CCS-3: Az Chungnam National University [Korea] HYHT
RTANBEHER HFEFTESE “CO2 SORPTION MECHANISM OF A
K-MG-BASED SORBENT AT HIGH PRESSURE FOR SEWGS CO2
CAPTURE”: J&jX CO2 CAPTURE 4818 JE=8 N S 4nfE 111.1.1-81 ~ 111.1.1-98
A7 o

3. Poster Session
NGB R RHEZEHME 1L H5 H (Z8U) B 11 H 6 H (E¥H) >
MARBZAAFEZHZR (B 11.1.3-1) ; FREREIGME - M) s B AR B
11:00 ~ 12:00 » ¥IGECT40fE 11.1.3-2 ~ 11.1.3-5 iR - fEAJE AFORE A& » BE
Ham AR 180 1R - S PELIBHSERGR SL T RED G » R B e ST B Y SEdak Bl
RBGIET

(1) PV: 30 7&;

(2) ST: 8 =,

(3) WE: 17 55,

(4) BE: 24 &,

(5) ESS: 8 =,

(6) PN: 572 +13&E;
(7) GE: I8—*

14



(8) HP: 3
(9) WuU: 7.
(10) HF: 35 &;
(11) LC: 10 &;
(12) SG: 12 &;

(13) CCT&CCS: 11,

H PR ANESRZHHE 11 H 5 H (BH) Bor » HAGS K - EFHhzE
Shl T EEERER SCETR IR AR SR AR 2 38 43 T R ER. - AN st 1
1EE— R AR ER AR MR oz (B 111.1.3-6 ~ 111.1.3-7) -

4. Technical Tours
S4E AFORE K&itam CEsREmEE R % > £ 11 H 7 H (287%) &KX
RIZHER TS EH1TIE - EEHNE RIEEZESATIE > BURESH -

(Z) SRR E TR AR

AR H AT AT TRt st AHRARTSTET = - TR RCRAIE R Z E
BPRERE R SR B E o SEEILITIE KIER 55 R AL AFORE Kg 2 &HEH
(VIP) » #&{L: CCT & CCS & ridkafie + MBI AR i S bhikimfe B e 7 5l
Sk 2 5% R B - 0 AL T AT AR F R RO BT ST R - ££2: 51 AFORE 2015
s EFRILEEERSOR S G - MEIESREEH R - SRR
KA R TR RO AR AT i 2 PR E A2 2 RETR S il 3t ¢ Hk > MR & BGR g |y
VIP SE I —5 > M O EEREOR » T B EH S Z B R R BIPE & F -

S S BEAHRBET e N B SO AT IO B NRE R E R Z Ak (= 111-1)
AP AR EIPE S 1F K B g B AR g -

15



sl 75 2015 KR /A3 AFORE > 5l|%

% 111-1 : AFORE 2015 852

Name

Position

Affiliation

Expertise

Hyungkee YOON, Ph. D.

President

Korean Society for New and Renewable Energy (KSNRE)

Energy Policy

Heon JUNG, Ph. D.

Principal Researcher

Korea Institute of Energy Research (KIER)

Clean Energy

Ho-Jung RYU, Ph. D.

Senior Researcher

Korea Institute of Energy Research (KIER)

CCT

Seong-Ryong PARK, Ph. D.

Principal Researcher

Korea Institute of Energy Research (KIER)

Energy Efficiency

Gento MOGI, Ph. D.

Associate Professor

The University of Tokyo

Energy Policy

Heejip KIM

Visiting Professor

Seoul National University

Energy Policy

Soogab LEE, Ph. D.

Professor and Chair

Seoul National University, Dept. Mechanical & Aerospace Engr.

Mechanical Engr.

Young-Ho LEE, Ph. D.

Professor

Korea Maritime and Ocean University

Flow Informatics

Min Sung PARK, Ph. D.

Deputy Director

Korea Advanced Institute of Science and Technology (KAIST)

Biomass Energy

Jang-Ho LEE, Ph. D.

Director

KunSan National University, Center for Urban Wind Energy Sys.

Wind Energy

16




Won YANG, Ph. D.

Principal Researcher

Korea Institute of Industrial Technology (KITECH)

Thermochemical

Energy System

Jeong Bae KIM, Ph. D.

Dept. Chair

Korea National University of Transportation

Energy System

Changkook RYU, Ph. D.

Associate Professor

Sung Kyun Kwan University

Energy Engineering

Chae Whan RIM, Ph. D.

Head

Korea Institute of Machinery & Materials (KIMM)

Technology

Commercialization

Yeon-Seok CHOI, Ph. D.

Principal Researcher

Korea Institute of Machinery & Materials (KIMM)

Energy System

17
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Registration

AFORE 2015

5™ Asia-Pacific Forum on Renewable Energy
November 4~7, 2015 /

Welcome

3" Asia-Pacific F

orum
on Renewable

Ell"r( ’
(AFORE 2015; 4

[11-2 AFORE 2015 A&y & &l e
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AFORE 2015 Opening Ceremony

5" Asia-Pacific Forum on Renewable Energy (AFORE 2015)
2015 Annual Fail Meeting of Korean Society for New & Renewable Energy

—

5™ Asia-Pacific
Forum on Renewable Energy
(AFORE 2015)

— — —=

11-6 A& £ b e 25
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5t Asia-Pacific
Forum on Renewable Energy
(AFORE 2015)

= - Srm=—N>-4 AL .
& -7 REEEZ—#mn LesE ] 1118 S 2 —

d 5" Asia-Pacific
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1. Plenary Sessions

[& 11.1.1-1 AFORE 2015 &fSg#EgiaaR s —

11.1.1-2 AFORE 2015 ¢ fadnsdiias .y —

23



P1

Plenary Session

SOOGIL YOUNG, Ph.D.
Professor, KDI School

= 111.1.1-4
1M.1.1-3

= 111.1.1-6
.1.1-5

= 111.1.1-8
n1.1.1-7
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1.1.1-9 111.1.1-10

11.1.1-11 11.1.1-12

111.1.1-13 111.1.1-14
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1.1.1-15 11.1.1-16

1.1.1-17 111.1.1-18

111.1.1-19 111.1.1-20
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.1.1-21 11.1.1-22

111.1.1-23 11.1.1-24

111.1.1-25 111.1.1-26
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P2

Plenary Session

GENTO MOGI Ph.D.

fessor, University of Tol

1.1.1-27 111.1.1-28

111.1.1-29 111.1.1-30

111.1.1-31 111.1.1-32
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111.1.1-33 11.1.1-34

111.1.1-35 111.1.1-36

11.1.1-37 111.1.1-38
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11.1.1-39 111.1.1-40

Land category of Japan

8 WU Evergraan forest
10 e 110 Bare surtace
[ ] 11 W Seowandice
20 oer

111.1.1-41 111.1.1-42

111.1.1-43 111.1.1-44
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P3

Recent Advances in
. I'E Storage using Phase
Plenary Session Thete £e using

J 1Y h.D, PI

YOGI GOSWAMI, Ph.D Disngised Uiy

Professor, University of South Florida it o :
ditor-in-Chief, Solar Enersy ourn

111.1.1-45 111.1.1-46

EBiorgy Siomue Energy Storage

T * Batteries ( ~ $500/kWh,)
allinnature )
« Windty gy s alsonnt * Supercapacitors .
A\ * Thermal Energy Storage ( ~ $50/kWh
* Both hé\'u/'con on beyond = ge ( )
about'1 5-20% penctrations S * Pumped Hydro
* Cost effective storage can alloviite the conc rns * Compressed Air

* EnergyiStorage is essential for significant RE * Flywheels
penctration

111.1.1-47 111.1.1-48

CSP Technologies

Cost-effective Thermal Ener
essential for. Concentrated

111.1.1-49 111.1.1-50

31



pomTr \ . Thermal Energy Storage

@1 tate of the Art

Two-tank Oil Storage

Commerciall -
,\(\:‘mdmu T;Z Two-tank Molten Salt with
Nitrates

111.1.1-51 111.1.1-52

Sensible Heat Storage
Two-Tank High Temp TES

* Synthetic oil storage has temperature limitation and

= Very high storage density and §
high cost

low cost materials
+ Molten salt systems have corrosion issues and
require expensive piping, pumps and tanks

* Both have low energy density and high cost

= But have problems
> Low thermal conductivity

» Corrosion problems

111.1.1-53 111.1.1-54

Recent Developments

~Encapsulate PCMs for use in packed bed
systems to overcome heat transfer and
corrosion problems

»Use low cost materials and industrially
Project: Finned tubes with embedded PCM i scalable encapsulation methods
Facility: DLR, Germany 4
: P Project: Salt/graphite
composite PCM
Facility: DLR, Germany

luce TES system costs from the present

$80/kWhy, to < $15/kWh,,

111.1.1-55 111.1.1-56
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11.1.1-57 111.1.1-58

111.1.1-59 111.1.1-60

111.1.1-61 111.1.1-62
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11.1.1-63 111.1.1-64

LAB SCALE TES SYSTEM TEST

Test Set-up for packed-bed TES system

111.1.1-65 111.1.1-66

111.1.1-67 111.1.1-68

34



| Summary & Conclusions

* ive devel of PCM capsules for
range of 100°C — 1000°C with
>P ionfor i during

> Enhanced radiative heat transfer for high temperature storage

* Tested capsules for thermal cycling

» Completed 2200 cycles (continuing) for 300 — 400°C
» Capsules for 600 — 1000°C for cyclic per

*® Cost estimate of a TES system based on the developed
PCM capsules ~ $15/kWh,, (<< than present TES $40-$80)

® Additional applications (conventional thermal power,
geothermal, industrial waste heat)

111.1.1-69

111.1.1-70
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CCT&CCS / LC : Low Carbon Technology

1 0-CCT&CCS/LC-I

November 5 [Thur.], 09:00~11:00 [Crystalball room IlI]

Chair : Dr. Ho-Jung RYU (Korea Institute of Energy Research, Korea)
Prof. Kwang Bok YI (Chungnam National University, Korea)

IN-CCT&CCS-1

09:00~09:30

IN-CCT&CCS-2

09:30~10:00

0-CCT&CCS-1

10:00~10:20

0-CCT&CCS-2

10:20~10:40

STATUS QUO FOR THE DEVELOPMENT OF CARBON CAPTURE,
STORAGE AND UTILIZATION TECHNOLOGIES IN TAIWAN

Yau-Pin Chyou*
Institute of Nuclear Energy Research (INER), Taiwan
*corresponding author (ypchyou@iner.gov.tw)

INNOVATION IN CATALYSIS AND REACTION ENGINEERING FOR THE
CONVERSION OF BIOMASS INTERMEDIATES TO FUELS

Dr. Yong Wang*

PNNL

*corresponding author (vong.wang@pnnl.gov)

PERFORMANCE EVALUATION OF AN CCS-DEDICATED POWER
GENERATION SYSTEM - PRESSURIZED OXYFUEL COMBUSTION
Tefera Zelalem TUMSA'?, Dong-hee KIM"?, Tae Young Mun', Young Jae LEE',
Uendo LEE', Won YANG'"**

"Thermochemical Energy System Group, Korea Institute of Industrial Technology,
South Korea

2Dcpul'lm@n[ of Green Process and System Engineering, University of Science and
Technology (UST), South Korea

*corresponding author (vangwon(@kitech.re.kr)

CFD SIMULATIONS ON COMBUSTION, HEAT TRANSFER AND NOx
EMISSIONS IN 100 MWe OXY-COAL FURNACE

Changkook RYU'*, Jeung-Eun A. KIM', Won YANG? and Yong Ju KIM®
'School of Mechanical Engineering, Sungkyunkwan University, Suwon, Korea
*Thermochemical Energy System Group, Korea Institute of Industrial Technology,
Cheonan, Korea

*Power Generation Lab., KEPCO Research Institute, Daejeon, Korea
*corresponding author (cryu@me.skku.ac.kr)

[11.1.2-2 CCT & CCS 5 RN#E T

37



IN-CCT&CCS-1: INER S8R a5 2 [ 5 i ¥ o

The & Asia-Pacific Forum on Renewable Energy,
AFORE 2015, November £~7, JEJU. KOREA

Status Quo for the Development of
Carbon Capture, Storage and Utilization
Technologies in Taiwan

Yau-Pin Chyou, Ph. D.
201511005

LV inattde of Nucleat Energy Ressarth

111.1.2-3

- R&D activities of CCSU @ Taiwan

+ (WG 1) Clean utilization technologies of
carbonaceous fuel:
gasification.based energy system,
high-efficency, low-emission (HELE) lechnologies,
~ as clean-up processes,
~ systemdesign and plant performance evaluation practice, etc.
« (WG 2) Carbon capture technologies:
- pre-, post-, and oxy-combushon capture technologies.
~ advanced gas separalion processes,
-~ sobd sorbent synthesis and characterization, ete
« (WG 3) Carbon storage and utilization technologies:
- monitoring, venSicaton and accounting (MVA) technologies

conversion of carbon sources, el
wiESE

L

111.1.2-5

Overview of R&D activities @ INER
Gasification-Based Clean Energy System

«Coal Heavy of

11.1.2-7

- Contents

+ Background

- Perspective

+ R&D activities
~ Clean utilization technologies *~ee
- Carbon caplure technologies

~ Carbon storage and utifization
technologies

« Summary
« Appendix

Taiwan

et of e Cragy Resams

111.1.2-4

—. Summary of CCSU activities @ Taiwan

WG1 WG2 WG3
INER % v
ITRI % v v
NEP-II v v v
CSsC v v
TPC v v
CPC v

INER razzse of Nociew Energy Researcn
ITRE nusnal Tachnoiogy Resewch nwase
NEPJ Natonw Erevgy Program Prase I

C3C Crne Seel Coporaton
TRC: Taswwn Power Company

SEAE

St of Mucwe Evergy Swmmch

111.1.2-6

CCS Technology Approach-ITRI

=) (=)

B Owmical Looging Process for B Calclem Looping €O, Capture B S characterbiadion and Saine
€O, Captare wred M, Gavwention Teohmtogy

111.1.2-8



Overview of R&D activities @ CSC

Strategy of Low-CO, Emission Technology

-hl.

111.1.2-9

Framework of CRCCFC  Zluio
Alnerptien
— O Capture Advergtion
R —
— €O, Stonge Gaodoghcad Steruge
Direct Ulaation
CO, Uthuason -~
B _E Chomical Vaergy Prodect
| an Uhirs Sepercritical
Syvem
S S
L Pelcy, Management
Gaddasce Oders (Oxy fard

15

11.1.2-11

(WG 1) Clean utilization technologies of carbonaceous fuel
© ™ INER: Gasification system design and evaluation

« Indigenous Virtually Integrated amm«dng Deploynmr
(IVIED) Platform is proposed
- System-level process simulation ol |
+ Polygen features higher system eMciency
~ Dewvice-level CFD/netics analysis
. Fluldizod-sod Gasifier Test Facility

111.1.2-13

.. Overview of R&D activities & Planning @ TPC

+ Advanced solvent and sorbent with much less energy
requirement were developed by TPRI.

+ Characterization well to 3000m depth completed 2014

Carbon Capture

Carbon Stor

age

Technology Survey  Ground Surface Survey

20!0 Advanced Sorbent Core Flooding Test
2015 Advanced Solvent Test  Site Charactenzation
2021 Priot test 10 ktyr Pilot test 10 Kuyr
2024 Integrated capture & storage test 100 kt/yr
2027 Commercial valdation test 1 MUyr
@."’.‘ "’Mmmw
o T
111.1.2-10
IRIEFRR
£ === Gasification technologx
2902-2000 2010-202
s e
for gasific RE&D s Taiwan e
20000 conl iy entrained bed ( Cogasificatisn \
Prewssre < 10bar with bdomaw
+ Characterisation of coal and < *
petcoke

Sax cosl brwnds and petcoile froen
o
Cartos comvaron and CGE
ey 95N A TN, repectively
+ Combwmtien and r
generation of Loty vymgas

111.1.2-12

(WG 1) Clean utilisation technologies of carbonaceous fue!
INER: Gas clean-up procum (HGBF)

~Hot model of MGBF

~ Opetation temperature 26 ~ 400°'C
~Ash concentration - 1,000 ~10,000 ppmw
= Maomum Gas flowrate - 700 LPM @ 500°C |

« Particulate Filtration with Moving Bed
~ Mass fiow rale and test lemperature

affocts the removal efScncy ) ot T ———
-~ Particle sze b S s drnc e g by
Gananar GavEaton - B
e
-
’—"¢' —‘—,
- ;
™5 A2
-
"“— L Y

111.1.2-14
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o sorninre

et e

Advanced Combustion System

Guvification system (2014<) [ 1
100 KW axy feel combaviion
fermace s NCKU

> e amovment of & MW.clam paatfication plet in
Coastal Indusirial Pk s boing puewsed (NCU, TTRL
INIR, CSC), banad 00 memnad-bed oxpenence o ITRI
Oze S red-bed reactot (FER) gnificatos peoces have
been uilt o Bastnate of Nuchesr Energy Rescarch (INER)
< peseats by INER sre gramted and 2 patent agphicasoms
are @ progen

Oxy-feel combastion (2014+)

-

>

FRR MOAW chemionl
> Ome 100 KW cay-foed combnotion fernace has heen buch Enificatioa leoplag precews
ad tovted cung edtiphe Sodutock m NCKL proces ol INER IRl
Chemical looping process (2014-) d

> Omc 30 AW Semical lkopiog process Iv nader

connmscmon by 1TRE

F S wchoalogy wmafon of dhemial looping prokem o $
companies gaining NT3 1 miltion

Economic beaefits (2014-)

P 1% coopersmon Cts of sdvasced combuaion vysiem
ong Indastry, resessh istouse and poversmest have
boen acherved The grom svestimest i NT3 11 S millon

St o Wucwe Evergy Smmech

111.1.2-15

(WG 2) Carbon capture technologies
CSC: Post-combustion capture

2 Comaston L e—

Chemical Absorption Pilot Plant

e

Gan betng trvwted s & Bilast Vurmace G (11 G) combastion prodac
Comtnbning €O, <2805 O, <1%, S04~ 2ppe, N0 <1 Sppem
Standard abuotber and ripper peeies wing varked dhemioal seliomie
Dhesign capacity of 199 Lg (O, 8y

11 sewved o the primry experimental platSorm for OO, capture wing
Chrmbcal abisarptiom in Collaburation weh Nathonal Dnergy Ev- -y
voe

T
v o

£
.

St S Ve gy S

1.1.2-17

(WG 2) Carbon capture technologies
ITRI: Advanced gas separation processes

Lansens
V== CCS R&D Activities in BOE/ITRI
 Calcham Looping CO; Capture Techaclogy

© Ul i T e b (ot ity
-t e et BTy o1 s P (s e
T LA [ s S GO ]

© W byt (g pewion] b wed 0 e e (]

earton ey o e et S

¢ Comtmbe s b s @iy and e el L

* Won 2000 ARDIS0 Amards wad 1107 Encollent Rasamech © 1
(et Wodal

scolag

) Captare and M,

* St 5 30 KWL Chamicnd Looping Syvbem
¥ Chmtar et wdng b M Sy G

N, e paarunad e e e

e e

111.1.2-19
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_ (WG 2) Carbon capture technologies
™ INER: Pre-combustion CO, capture processes

AAAAAAN
. { !

Sl

Cal LOH soment CaMgii = 7:1:4
A TGA cycic teats of TO-C 100%C0,

T —— ~—
el | 111
1=, i

! Altom“nub

A 10 KW-closs fxad-bed reactor

wba @

ttam S Vcme Loy S

111.1.2-16

(WG 2) Carbon capture technologies
ITRI: Advanced gas separation processes

100

T
BOE / ITRI Calcium Loopi

P

.
orte yyvhem (AW,

2 s oy (30

5 Pt bt | s
B
PEETSa—

Pot-scale wyvem (L3VW,)
V0 e B S it
e e

23§ e g (00 TV
e B

D 0

sl

St S Vcm Egy S

111.1.2-18

_ (WG 2) Carbon capture technologies
" INER: Advanced gas separation processes (CLP)

CaLH A AND
© CLR @ 00 M, OOy AmO

QWNM :am
| §
8 -

Inter Connecied L ATEA Groe s [
Ded(Cokdmogelj  *e oo 3

A& VN s CLC PR

St o Wuch Errgy St
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o 0

et e -

CO, Capture

Post.combustion capture (2014-)

» O OO, cagourv domomanation plawt (027 walay)
kg chesical alsorption sad adscrptices = rotatisg
pachod bed (RPH) eod packed Sod (PR) s 8 cperalion
a China Sooel Comporason The techeologies of
chermacal abuorpoion and ad are tram forred from
Naticasl Teing Moa Usoversiey, (NTHU) sad Notonal
Tarwan Unpveruty, repectively

7 One CO, suptizy descouration plast (10 soaiday) is
ader  oeunknes o Formos  Petochenionl
(vochaodogy W tramadovred from NTIRU)

> The reseasd of OO, copnps saing chomical absarption
e sdueptarn ¥y merpema sduehets grafied wih
amines b doog ommid oot by Chusg Ol
Prmochemscal Oroup sod NTHU. The grast comes flom
Ching Chum sead Misesdry' of Schence and Tochaologs.

» 3 compusits srvest mede fhan NTS 33 milloo e the
research of chemmical abworpeion, adsorpeca and KM
procen Seckmodogies

7 AcapaMiny of 100500 OOy per year v bk and 40 far
10 tomp CO, have domo captsrod

OOy captore demomiration phast
2t Cima Steed Corporation

S S W gy S—

1.1.2-21

(\NG 3) Carbon storage and utilization technologies
ITRI: MVA technologies

FZ 255 ces R Activities in BOE/TRI

8 Ceological Storage Revearch
:nm &

R e )
Cokectan of

111.1.2-23

Summary

*  R&D efforts on CO, capture, utiization and storage (CCUS)
technoiogies in Tawan have been cocrdnated by the Natonal
Energy Program — Phase Il (NEP-I1).
~ To recuce the contamination and increase the efficiency from coal
utization.

~ To cut down the carbon emission to comply with the goal of
Greerhouse Gas Recuction Act (passed in June 2015).

~ To promote indusinal appiications of viable clean coal technologies.

+ There are substantial potential capacsty in saline aquifer reservoirs
for geological storage of CO, in Taiwan, so development of
carbon capture ready processestechnologees is a crucial means
for Lol A .y

halle O

»  Energy secunty is an cruclal issue in Taiwan, for which
gasification featuring muiti-feedstock fexadilty and various
Industnial appications can be suitable options.

St o W Evergy Sw—ch -

111.1.2-25

Ly -swlmonurykoch
Up 10 8 km thick
© Tatwan Strait

v.uomnm«soac)

111.1.2-22

- e ¢

CO, Utilization

Micronlgae cultivation (2014-)

#  Uoe compary (Greenyin Dictechaoiogy ) savesss ST
0 silion o buald & CO; faation dessonsration plase
(200 Mom) foe cotdoce latpeasdale mecrol pae culsvation
(rechociogy s tramaferred froom Natiosal Cheng Kusg
Usivensity, NCKU) Tha plaas s in opératicn &t As-
N Cazpun s NOXU

7 Gropayls IBceechoodogy also lavests NTS & millew in
the rovearc of sucroalipse culivation sechaologien. In
A0 & capadiliny of 105 wen OO0, per your b
ohauned, and w0 far 2 o OOy dvy dom Bwd v
racroaigas cultriaten

F 3 cdeclogy wmdens of Bpid caltacthos W $
Companies ganing NTS 3.2 sllion. Ont Taowm pocest
sad I Japes peicets ez Bormed

Direct use and conversionof CO,

# The rescutchen of drecily e of CO; o solvest and
cmrersion of 0Oy 0 groduce methansl e being
cxmied oot by Clang Chass Petsochomicsd Coonp and
NTHU. The grast comen fioen Chamg Clem and

" :

Demonstrstion e st NOKUS
As Nsa Campen

Thatoblorvactoar
e N0 e

R

St o M Crergy S 1
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e International Collaboration

O INER is seeking intornational

MMMM

> mhzocrw.om
Facilties (layout, mass and
energy balance)
» Chemical looping
» Gasgfication
7 Traising course/Werkshop e
Institute of Chemical Process.
Fundamentals (ICPF) of Czech
Academy of Science (CAS)
» Crech-Talwanese Joint
Research Project (2014 ~

2016) g o v rom

111.1.2-26



IN-CCT&CCS-2:

th As"a.PaciﬁC
gn Renewable
(AFORE 2015)

Energy
Forum

111.1.2-27

PNNL - A DOE's Multi-disciplinary

National Laboratory
$1B in R&D expenditures
4,300 staff

2,000+ users & visiting scientists
Among top 1% of research
institutions in publications and
citations in:

= Biology and Biochemistry

= Chemistry

» Clinical Medicine

= Engineering

« Environment and Ecology
» Geosciences

« Materials Science
» Microbiology :
« Molecular Biology & Genetics

111.1.2-29

Advantages

Biochemica) Disadvantages

+ Maily ethano)

onzymes for the pretreatmant

and conversion

* Selectivity
* Mature for grain
based feed

Thermochemical

Indirect * Mature technologies  « Economy of scale

Direct * Simple process
* Effective in
densification

* Storage and upgrading of
pyrolysis ofls

WASHINGTON StalE
f UNIVERSTTY
W o S b Py

111.1.2-31

WASHING 1O
UNIVES

StALT

Innovations in Catalysis and Reaction E ngineering tor the

Conversion of Biomass Intermediates to Fuels
Yong Wang

Vo#tand School of Chemical Engineer 0 Unrversty

Institute for Integrated Ca

AFORE2015

Blochemical
Indirect

Thermochemical

Operating characteristics of IGT
* 34 bar, 1255K, H,/CO = 1.39
* H;0: 31.8%
Hy: 20.8%
15%
23.9%

111.1.2-32
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ASME Code Stampeq FTReactor

TR M
Fixed Bog Slurry Bed Oxlord

Catalysty

» Controls reaclions at oplimal conditions

» Allows use of highly active £T catalysts

» Accelerates processes by ~10 foid

W.Liu, YWang, W, Wikox. $.Li. AICHE J., 2011, DOI 10 1002/aic 12797, ‘“

BTL—Cellvion J.Ca0, J Hu, S.Li. C Chin, W,Wilcax, Y Wang. Catal Today. 2009, 140, 149-156 1‘(;.»(
CarT e Con e o & W(Lu, JHu, Y Wang, Catal.Today, 2008, 140, 142.148
CBFT.

2.33 111.1.2-34
11.1.2-

Watetr  jan
Tar

Synthesis Oas Cooler/
c::np‘v’nm’m Condenser Shift Reactor

i g T mm e e ———

9.35 111.1.2-36
11.1.2-

Per!orrnanc
A Rw-Mch° Of".z,g,g.w‘h%
300 1558 12.000n * (Giyg

Bio-oil
40 ’ Upgtading
Rnuuwnugnn content| | Diwsal and g

Reduce acid number Trarmgoation
Reduco ¢ hat uely

Low temperature (300. 500°C)
Siow heating rate
Long residence tima thours)
Gasification
High lemperature (~700'C)
__Long residence time (10-21
| LU DL Kig, 4 L, Q Huo, K 20y, C Wang, . ; chen
'“J’.m.igy/mwmmo

111.1.2-37
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Hydrothermal Processing

Hydrotherma, lique

-

faction
Chemistry

“Water assisted Pyrolysis
*Highly efficieny

Y-‘".\“lﬂ.’

*Plug fiow (pipes)
Adva ments

*No reactive gas

*Solidsfiquid and Tiquiditiquid
separations

*No solvent (phase separation
of water and biocrude oil

*Processing water sludge

111.1.2-39

Pyrolysis Oil Upgrldlnu
» Calalysls: Mmetal oxide
:ll}l’agoned Sulfided Como and

» Major issye:
* Unstable in water
= High H, consumption
‘0yDen comtent of of reduey from 40
in B¢ hyddrocartion fum

Bioderived fuel from com stover

Spinning band ditiliation

Gasoline Octane number
RON+MON/2=89

Fe baseq Catalysyy

* High oxygen
femoval

> Low
consumption

* Selective C.0
cleavage

» Synergistic

Catalysis betwean
\ Fe and Pd

Hydrodeaxygenation

111.1.2-43

44

Current Upgradlng Processlng

* Fast Pyrolysis Oil upgumng

X

P = 1500 psig H.

o
LHSV = 0.25 !

Sulfided CoMo/ALO,

111.1.2-40

Cost of hydro

and is not tmg:ablo ;?runnll '.y:.ubh o5

L = |
Hydrolve.mng == primary fraction of energy and capital (85%, of operating cost)

Pyrolys | HTL

hox i
isoil | blocru

Petroleum

Petroleum
hydrodesulfurization

hydrocracking

Single o i
s HDO oo
Hok Mok -

1150 660 ~3400 ~1800

L scl/bbl fd (standard cuble foet/barre! feed)

Toluene

Surface Roaction

H; dissociation

» Selectivity: Fe dominates adsorption of
Phenolics, Pd weakens the desorption of
deoxygenated aromatics

> Activity: Pd facilitates H, activation,
| Stability: Pd stabilizes Fe from being oxidized

111.1.2-44



 Pine Wood pyrotyy,
N Pine Wood byrotysis + Catalysy

Catalyst
450°C, 20psig

Improved oil Products obtained

with the hierarchically structureq

multi-functional catalyst
Pyrolysis oll product

v of ¢! Chem Comm. , 014,

111.1.2-45

'm-lsobulenn :‘
Ethyle tert.buty, =

ether (ETBE) -~ ] Gl

J J / Butyl rubber

ls;)bulene o

Isooctane

—

Oletiy

Ketone

400 mg. T = 413 °C, fo,

» The lower acetic acid-1
thus C, olefins

2r chain ketone has dolization &

111.1.2-49

- . 1
l PolyeMyl;;\e terephthalate (PET)
T o™

T Gl
0,

2002 2004 2000 2008 2010

Actual Production

2052 2014 2010 000 2000 N

Renewabdle Fuels Standard (RFS) Targets
[0 Conventonal (Strct) Ethanal (8] Busesel W Cebuone Eanct .

111.1.2-46

Acetic Acid
Glycolic Acig
Methanol More..
Ethanol
Propanol
\cotic Acid
Acetaldehyde
Ethyl Acetate

Thermochemical Conversion Frocess

111.1.2-48

> Breaklhroughs In thermeg
{0 achieye large scale ec

B lnnovalions in Catalysis gre essentia|
and carbon eff,

in Mproving hydre
" ICiencies 1o €nable the i, i
Gl ect conversion of

such as ethang| can
achieving a significant
uels/chemicals.

Potentially play i

mportant roles in
Substitution of

petroleum based f

111.1.2-50
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AFORE 2015
476 October 2015, ‘ejuisland, Koreq

nofan CCS-Dedicated
ation System
yfuel Combustion

Power Gener,
- Pressurized Ox

Tefera Zelalem Tumsat2

» Dong Hee Kim!2, Young Jae Lee!,
Tae Young Mun!"

» Uendo Leel 2, Won Yang! 2t

Thermochemical Energy System Group, Korea Institute of I

dustrial Technology
“University of Science and Technology,

Korea
5" Asia-Pacific
Forum on Renewable Energy

(AFORE 2015)

“Current affiliation; Korea Institute of Energy Research
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Korean Project:

- Time to pre, are 2nd
demonstratlon in YoungdongTPP e

Gen. Oxy.
® High Penalty of efficiency: > ~ 19
> Uncertainty in ccs market 2020

“Combustion

> KITEC
% (for all curront capture technologies)

1% gen. Oxy
(Camure—nady)

|Boiler : BHK
T/G : Hitachi

| Flow

Temp. : 541dey
| Pressure :

Maker

steam

12.85MPa
Bumer | Circular type x 16

ype | Bent type x12

5 3 Tube type x6
% W, r (Standby x1)
5 A

PC
(Pulverized Coal)
Power Plants © 2
50071000 MW
usc

Asu/cPy

Flue gas
recirculation

(Up to 25~30% 02)

Oxy-PC Retrofit |

Oxy-PCNew |
Asu/cPu

New boiler
Minimized Flue gas
recirculation

CFB
(Circulating FB) J -
Power Plants E
<500 MW | ':>
sC | &
Fuel flexibility &

= +10% n penalty

Oxy-CFB Retrofit

Oxy-CFB New
ASU/CPU
Minimized Flue gas |
recirculation (Up
1o ~40% 02)

ASU/cPU

Flue gas
recirculation
+10% n penalty
Fuel flexibility

Very unclear to
be realized for
PowerGen

Fuel Ratio= Fixed Carbon/Volatile

A

111.1.2-53

An Alternative System Conﬂguratlon
® Fuel Floxibilit

Y € Oxy-Fuel Combust
® Compact Des

18n & Smaller Footprj
€ Pressurized Flue Gas, Integrated A
Rate

tion & Slagging Furnace
nt

¢id Gas Removal, Low co Recirculation

#® Environmental Contro| € Zero-Emission (Including 100% €O, Capture)

" Simple gas cleaning |
> Low cost \

Latent heat r;t;ew il
> Increased efficiency
> Fuel flexibility

Once-throughtype
: Compact plant

furnace Sl

111.1.2-55
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%1 penalty
Fuel

Component Descriptlon & Target

Component
AsU
(Air Separation Unit)
Furnace

HRSG

FGC
(Flue Gas Condenser)

Acid Gas Control

CO; Capture

M T —,
# 160kW/(0, (with 3 Column) - 2% n

* Current: 240kWh/t0, (with 2 Column) 3 6% Penaity
# Fuel Flexibility by Oxy-Coal Combusti,

o Less Sensitive to Moisture & Mine
> Wet Feed (@ 10bar) or
> Low Flue Gas Recircula

-Penalty

on & Slagging

ral

Ory Feed (@ Higher P~ 20bar)

tion Rate

# High Heat Transfer Rate (by High Press
* YHeat Transfer Area for a USC De:

> Much Lower Material Cost

ure)
5ign @ 10bar

# Recoveryof Latent Heat
* DewPoint

150C for 10bar Wet Feeding Case
Higher Pressure Needed for Dry Feeding
> Compensate the ASU Power Consumption

7 Materialsfor prevention of low-temperaturecotrosion
> Flue Gas Condenser : Not Proven Yet

» Acid Gas Remover (Optional)
# CPU (CO; Process Unit)

» CO. Separation by Cryogenic PLrloc‘ess
» ized Operation

111.1.2-56




Methods

* Modelling and sim,

ulation tools : ganera)
carbon capture sof

ftware(gccs)
Thermodynamic propertie
. at
* Peng Robin
gos side

8
® Equation based modaellin
tuning approach

2 and parametar

@ Properties of selocted main coals
Y A o
Compositions | Lignite
52.0
6.50
29.1
0.30
247
1.43
0,01
819

122

Sub-bif
Moisture 2
Ash
Carbon
Nitrogen
Hydrogen
Sulfur
Chlorine
Oxygen
HHV (M)/kg)

111.1.2-57

Results (1)- Power Consumption
*® Power Consumptions f,

or various pressuras
For higher pressure,

° CPUpower consumption decreases

Total consumption is minimized in
400

3

Power Consumption (Mw)
8

g

O frsa Fies Optimized 5 bat

Separation of oxygen +
Reduced paras

€ range of 5~10 bar

Simulation Conditions

£

ity
Coullrnd modulling
Component modeling

Ly
Oxygen purity o
Compressor pressure Varke

Oxygen delivery temperature

Combustor pressure
AU K Bolet modelling and vrstation Combustor efficiency(LHV based)
Oxygen In the flue gas ]
Carbon content in ash 5 5
@Em
Reheater temperature 720
Feed water heater (FWH) 7
Inlet flow rate of feed water at 1 bar
Inlet temperature of feed water
Condenser pressure
Compression and purification(CPU)
First compressor pressure
Second compressor pressure
Warm/Cold MHX outlet temperature
Final pressure

Turbine sidu simutation

€U modelling and simulation 654
‘)mm\mlymﬂnll“.lm
On the whole plant modelled

|

111.1.2-58

Results (3)- Net PowerGen

® Net power
® Effoct of pr,

8eneration for various pross
essure: For higher prossure
Net efficiency can be increa,

ures and fuels

sed through increasing steam flowrate
"10bars but nearly constant in10~30 bars
ant: Optimization of steam cycl is required

Oxvzen compression
itic power in Cpy

iow rate (k/S)

600

Lsso &
|

er-Lignite (HHV= 12.2 MJkg) I
::: :::cpsfbnxunmous (HHV= 20.5 MIkg)
Net power-Bituminous (HHV= 27.1 MJ/kg)
Steam flowrate-Lignite
Steam flowrate-Sub-bituminous
Steam flowrate-Bituminous

5
ire

eam

Leso

1

10 1 29
1 essure (bar)
~ 10ber 15bar 30 bar £

Pressure

111.1.2-59

Results (4)- Efficiency

@ Efficiency increase is moy

© significant for |

By > 5% increase is achievable

achieved)
® in the range of 1~10 bars,
® Optimum Pressure in ter,
Economicfeasibility

(which means

shouldbe considered f;

Lignite coal (HHV= 12
B sub-bituminous coal

111.1.2-61

'gnite of high ‘moisture

effect of pressure is more significant
ms of efficiency can be in the range(~

2 Mikg)
1| (HHV= 205
I Btuminous coal (HHV= 27 1

111.1.2-60

Conclusions

<y improvement achi

auxiliary load reduct
no flue gas recirculation,

ieved under Pressurized
fon, Enhanced hoat rocovary and

KT

~5% E"Y(IQII(V Penalty can be

® The net plant efficiency increases by 6.02
increase in pressure from atmospheric up
bi bitumi coals

%, 3% and 2.61 % for an
%0 30 bar in case of lig
Tl

10 bars)

nditions

or finding optimum cor

® As pressure increases heat recove

ry from flue gas condenser also
increases.

10 bar

111.1.2-62
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CFD Simulations on Combustion, Heat Transfer
and NOx Emissionsin 100 MWe Oxy

-coal Furnace

Changkook Ryu - Jung-Eun A. Kim

School of Mechanical Engineering, Sungkyunkwan University, Korea
ic 6 Won Yang
5”' AS o .P o ' l (’E gy T Korea Institute of Industrial Technology, Korea
P ner e
newablc Young Ju d
Forl““ A Rc 1 5) KEPCO Research Institute, Korea
(AFORE 20

63 111.1.2-64
11.1.2-

Oxy-coal €ombustion

Comparison of physical Properties for CO, and ; (@ 1500k)

201
i 2.793 4386

Specific heat [ki/kek)

Introduction: Oxy-coal Ccombustion

Lower velociy (owir intensiny)
1327 1.250 v
Heat capacity(pC, ) (ki/mK)

Retrofit of 100 Mwe boiler

075 0283 Lowerflame temperaturs
Reactivity with char Endothermic reaction inert Faster o slower chat butn, out
Radiation
= * Methods of numerical simulations
Outline §

Partic
R

NOx reactions Inert
Its — Comk and heat t
Results — NOx emission

Transparent  Increased radiation

ThermalNOx  Reduced thermal NOx

B Re-engineering of existing combustion technology is required for oxy-coal combustion
Conclusions

111.1.2-65

111.1.2-66

etrofit of Youngdong boiler
¥ Demonstratlon of oxy-coal €ombustion in Korea

9 Original Boiler: Arch-firing (also known as do,
nthracite (+ fuel oil)
= Retrofitofa 125Mw. furnace ot Young-dong, Retrofit Design: Opposed wallfir
* 100 Mwe (80% of TMCR;
o GO = Unusual furnace type: c.

* 125 MWe capacity for a,
o

Korea

bustion was planned due in 2017

mainly due ¢

wnfiring)
* Demonstration of oxy-coal com

ing for sub;hllumlvlcus(paj
) utilizing the existing furnace outiine
* Currently, the project s on holq 0.8 policy issue (the incentrve f, 200y

Furnace design requirement
* Dual mode Operation: air-m

0de (125 MWe) for commercial o
Oxy-mode (100 MW,

“tion performance should be guaranteed
operation;
€) for oxy-coal demonstration

Membrane
wall
Research Consortium:

OXYFUEL CompusTion
€3
ERR|
&g e

@mmcu

KINM IR DR

Qustmsany Refractory
14.7m

111.1.2-67

111.1.2-68
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Models for CFD
operat'ng cond'uo"s 7 CFD (Ode'ANSVSFLULN'
* Design coal: sub-bituminoys

® Total moisture: 18.0%; Fiow rate 11.7kg

284 Mwih) Devolatilization FLASHCHAIN [Nik
Proximate analysia (%ai i)
I

sa, 1995)
e Char combustion Unreacted core s

Inherant Volatiy

Mo Motter % "

hrinking model [Wen and Chaung 1979)
: Turbulence
103 00 s . 58 "

Realizable k-e model
: Radiation
5 Operating conditions

Discrete ordinate method with an improved Wt
* Finite rsle/EddvmsS\pahnh rate
* Reaction scheme based on [lones-Lindstedt]
P “ D [11CH,0, (tar) + 20, -5 xCO + 0.5yH
o, Siokh Reto om ,
oxidzer ; | oo [2]C,H, +0.5n0, > nCO +0.5mH
kG {eme 0 o0 ol Gas-phase [3] C,H,, +0.50H,0 > nCO + 0.5(men)H,
A ) b 1) [2actions [4) CH, +0.50, - CO + 2H,
. 1707 i [5] CH, + 0.5H,0 - CO + 2.5H.
o124 [6]CO + H,0 - CO, + H,
Oxy26 g ¢ i [7]H,+ 0.50,- H,0
P 5 1899 6
Oxy28

*Lagrangian tracking of 38,400 coal particles with turbulent dispersion
— B Bl | RISCBtephasen |0t staaid 100 i werago dlamicten 0 wm
Oxy30 s ' » .
idizer is supplied
o ‘T intain the swirl strength of the burners in oxy condition, most of the oxid
0 mail
through burners (without OFA supply)

GGMIYinetal, 2010]

111.1.2-70
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Char conversion mode|
Coal devolatl"zation model

! Unreacted shrinking core model [Wen & chay
R,

& FLASHCHAIN (Pccog)
* Predict composition
model for coal

ng, 1979)
Lab, Niksa Energy

k
semi-empirica) network

of volatile matter and rate of devolatilization using a

* Radius ratio of active char core / particle : §
Devolatilization mode| INPUL(DTF, 1 atm, 1500°c)

* P, P, Partial & total press
Coal - Volatiles (Tar, co, €O, H,0, H;, CH,, CxHy) + Char (C<s>)

[-)0 |
ures [atm)
® Ash film diffusion rate: &, - 4 _,
Volatiles * Implemented in FLUENT through a user-defined subroutine

el £0] Ry [ % =s710espc-7067m), 1382107 18001 7 )
e s C<5540,C0 \I, o

CFD  Products Char Tar

input

<s>+H,0 2CO+H. 3 (g = Cxpl17.644 - 30260/(1 £T,)]
(we.%daf) 363 395 z " : B =Puo ~(Py Po) K, K Al Sug
Ci23H; 304 4 ik

247exp(-21060/T)), k 151077 /20001 Apd. )

A7exp(-21060/T,), k= 745x10*(T 12000f ™ (B,
C<5>400,2C0 PUap ==
* Kinetics: single rate (A=5991 s, E=24.02 Mi/kmol) ; = 0.12exp(-127921/T,), K =133x10°(T 12000 .}
s =k (V,~V) k= A, exp( er 5
dar !

k
REgHGH, PP =P, - [P K., K, =500x10* cxp{1$400/1 §T.)}
i B Kas X CHy
User-defined subroutine developed to apply the volatiles composition from FLASH : :
® User-

-

111.1.2-72
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Result — Gas temperalure 2)
Mesh ang boundary Conditions

* Lower furnace (a8

* Upper furnace (D) -

* Average temperature
symmetry

S Mesh : 620,000 hexdhcdval:
Burners Inlet conditions det.
2 Boundary conditions

* Membrane water wall
conduction+convectio

) : higher temperatures in ai.coa) cas,
lemperatures became simiar after o

for the whole fu

@ than in oxy-coal cases
FAmjection
ace volume was the highest

the air-coal case
ells for a half volume using
ermined by separate 5

 case Al
imulation:

(With/without refractory)
nto steam; emissivity 0.7

* Superheaters and reheater panels: as
with convection conditions

<Volume-averaged temperatures
sumed as flat surfac

Esay

© Wpperhmace)

T COFAN

B (Busnes 2000)

Fumace Sectons

111.1.2-74
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Result — char conversion (1)

* Case air

he OFA jets of aiong the
mace

i e wal

ation of CO, an

"d H,0 (char
Mostoxidizer supphied in the o

bumer zone . iy BUMm-out within flames

Tka/m-s)

(Log scale)
1

Oe-1
1.580-2

2561e-3 ©(s) by O, Civ) by €0,
L Case Oxy26
30804 I8
=

6.31e-5

oae C(s) by O, Stbyets
Case Air Case Oxy30

111.1.2-75

Result — o, Concentration

Youngd
Bdong unit Front wall-firing boite,

Case Air Case Oxy26 Case Air Case Oxy28

* Youngdong retrofit boiler : The fuel-rich region was. slgmg:mzlley) large (Case Air) and the
Case Oxy:
flames were narrowly stretched to the upper lumac_e [ ;
— Insufficient mixing of char and O, due 1o i) the wide bumner zone in the lower fumnace
and ii) reduced interaction between flames (only two layers)

1.1.2-77

NO emission - at the furnace exit

Combustion mode
Case

Air-coal Oxy-coal cases

Air | OXy24 Oxy26 Oxy28 oxy30

| 1499 1269 1139 218
j | Ao

NO at the [ppm, 6%0,]
furnace exit (mg/my)
Net TolINO | 260 | 304 241 20 5 154
oaction rates  ThermalNO | 0.14 | -007 008 017 .o 17
[g/s) Fuel-NO | 279 | 305 242 207 188

*NO concentration in oxy-coal mode is a few times higher than that in air-coal mode
*However, oxy-coal mode has lower emission on a thermal input base mg/MJ)
+Fuel NO was dominant over thermal NO in both combustion modes

+Air-staging in oxy-coal mode may reduce the NO emission by 10-20%, but the flame formation in the bumers.
will be significantly influenced by weaker swirl intensity.

111.1.2-79

Result — char conversion

<100MWe Front wailfring bogers

<Temgeratures

I

Side wal

[wt.%) Youngdong
Air Oxy28 Air *Lack of mixing between char and Oéoe"ue ‘o
[ unusually wide horizontal ctoss-sec!
£ ¢O; el ik 23 ey in Youngdong retrofit boller ) 5
‘ + More char is converted by gasification reactions

Case Air Case Oxy28

lc+co, 174 229 53 175
/ C+H,0 88 6.2 28 50

<Proportion of char converted by O,, CO,, H,0>

111.1.2-76

‘Result — way heat fiux

A

Oxy24

Oxy26

Case Air Cied
Oxy30

* Air-coal mode : Higher gas temperatures in the lower furnace —The largest heat transfer rate

i O, level (temperature),
e jode : Wall heat transfer rate increases with an increasing O,
Cazsten More heat would be aborbed in the tube bundles downstream.

111.1.2-78

Conclusions

Combuslvon and heat transfer (harauerlsucs
T

he retrofit boiler can achieve stable combustion under both combu
® SUPPy of oxidizers to the burner 20nein the oxy-coal cases

mation and fa:

stion modes.
(withoutoray

st char conversion

nd the heat flux in the burnerzone

O became more important

* favorable for stable flame for
< lowers the 83s temperature a|
* Char gasification by c0, and H,s
* due toinsufficient mixing between charand 0, in the wide furnace
5 NOx emission characteristics
* Oxy-coal mode has higher NO concentration butlower emission per vy

® Reduction of NO in oxy-coal mode was not very efficient in the retrofit boiler
(However, NO can be removed during cooling for €O, processing unit)
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Greenhouse gas attack!

Greenhouse Gases

) ® o

Annual Greenhouse Gas. Emissions by Sector

v %0

Carbon Dioxide Methane Nitcous Oxide

111.1.2-83

Candidates for CO, sorbents

=

Hydrotalcite
P Small capacity

K2C03 Limited mass transfer

Low T

-

111.1.2-85

9, Fmuesy CNUBE

\

CO; sorption mechanism of g K-Mg-based sorbent

at high pressure for SEWGS co

2 capture

Uni
y
Kwang Bok Yi

111.1.2-82

SEWGS Conception

Remoyal of WGS and ¢
s WGS and €O, coptare i
Pollutants RN .
[T poata 4 water gas sbift (SEWGS),

Coal Gasifier

WGS Reactor

Gas Purification
(CO + H0 v+ 00, + H.)

(€O, capture)
| HTWOS + Heat Bx + LTWGS.

€O + Hi0 4 €O, + H;

€O, absorption . Ilnlﬂ:):lhn

111.1.2-84

COZ sorbents

P123sy
e

Reaction mechanism

KHCO,
-— MgCO,
€O KMg(COy,

H,0

€O, sorbent was provided as a courtesy

by Korea Electric Pow er Research Institute (KEPRI).
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Experimental apparatus

Possible solution

ible o measure.

simutaneousty both the €O,

Bascior < : amount captured and the water

Total weight change (H.0.CO4) consumed during the reaction
Amount of CO, absorbed Furnace <

care should be taken

Rorbent ¢ b 1o prevent unnecessary vibration

around the apparatus

ranteed resouon

Band heater < - £€016449]
Total weight change Amount of CO, /, N { % e
_'___,_'lAM : = confirmed 5o that the sorbent
(H,0.C0;) absorbed [ 2 oo
J at each batch to secure the
credibilty.

ey CNUEE

111.1.2-88

111.1.2-87

Run analysis

Experimental
results
Experimental Conditions
Pressure: 20 bar
Temperature: 180 °C
Gas composition
- CO,: 4.25 vol%
- H,0: 15 vol%
- N,: balance

wt % (GC)
—0—CO,conc (GC) €O, conc: 4 25% (1) the 1 period of
) the fast water sorption period of the

Teaction in the begiuming was designated

Consumptionrate of CO, and H,0
[ [ v Middle stage Final stage
Stages 20min) (20-106min) (106~135min).

298%10* 1.72x10*

(1) the next period with a lowes slope wasil

(1) 4

the breakthrough of CO, occurred wan

€O, conc. (%)

2.98%10%

| 8.60x10° -1.81%10% | -1.06%10°

designated as the “mid stage’
(1) the rest period after the breakthrough

was defined as the “final stage”

€0, consumption rate (mol CO/g-min)
H,0 consumption rate (mol H,0/g-min) |

Weight increase (W%)

Mass balance for CO, and H,0

1.72*10° mollg
ter absorbed in 1g of CO, sorbent (early stage) -
el bed from 1g of CO; sorbent (middie and final stage): 1.87*10° molig

Time(min)
Water desorl
Error: 1.2%

111.1.2-90

111.1.2-89

The ratio of water to CO,

Water vapor sorption rates
e —ponratesiiS

of water abuorbed by fhe orbent
 time 4 differens
displayed. As expected from
the water
nilation Tates in the early stage of the

s at 160 “C and 220 °C were similar.

|
00 The water consumprion raes in the wid stage
°
o0
Voa,
ro0ox

{ and final stage were negative for all reaction

105 temperatures and the sbsolute values wete

very similar
L L L

20 30 40

s

(1 ‘
) )
10
Theoretical conversion of sorbent (%)

Time (min)
' Zemwess CNU 38

2, e (

H,0 Consumed/CO, absorbed {mmol/mmol)
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FT-IR

CO,* symmetric bending vibrations

Why did the MB for H,0 fail?

>
After CO; sorption COJ** stretching vibration

PR

gt et T A
reduced bt peaks

ponding 16 MeCO, were not fousd:
Major characteristics
of K,CO.

Amorphons MeCO, X0

Infensay (Arb, it

Before CO, sqrption
®) Afior CO; sorption

Bicarbonate peak

2 theta (degree)
(a) Before CO; sorption

Mg(OH), that originally presented in the regenerated sorbent lead the foliowing reaction e 3000
. Wavenumber (cm”)

Mg(OH),(s) + CO,{g) ==——= MgCO4(s)+H,0(a)
&, s CNU

resulting in more H;O in effluent stream,

111.1.2-94
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How about mass balance? Net weight loss
Line1 — Line 2
Decomposition of revidual i ey
Additiona) gradual weight \ows Decomposition of MgCO,
o e

400 °C, which was attributed 1o

Net weight %

the decomposition of

KMg(CO,),

200 300
Temperature ('C) 160 260 360 460
pese results, it is probable that the major weight loss during the T
the decomposition of MgCO5. - i

©

IR

According to th
regeneration was caused by

111.1.2-96
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Reaction mechanism proposal Conclusions

o ©  Custom designed thermogravimetric analyzer coupled with GC provded information
about water absorption rate and amount during the CO,, sorption reaction

* From the amount of water absorbed K:CO, was not the main actve material i absort
CO;. Instead, K,CO, behaved as a carrying medium for water and CO, by the reversible
reaction between K,CO, and KHCO,. This reaction helped water vapor and CO, to
5 - penetrate the dense MgCO, layer and enhanced the CO, sorption rate and capacity
Kco, ] J * XRD analysis revealed that K;Mg(CO,); can be formed as the final product of the
4 reaction. However, the formed K;Mg(CO), is believed not to participate in further
cyclic CO, sorption and regeneration reactions because of its high decomposition

§ K;MQ(CO) e Mgeo,
temperature

e
\\ S : o MgOis believed to be the main active material for CO, sorption with forming amorphous
0

KO, Mg
Desorption =~

MgCO,

ey

111.1.2-98

111.1.2-97

53



3. Poster Session
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IMPACT OF HIGH TEM
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Program at a Glance - AFORE 2015

November 4(Wed.)

Crystalball Crystalball Crystalball

Time Emerald Charlottee Pearl Jade Ruby
room | room Il room Il
09:00~ 2015 A1 3t<& 3] & AFORE2015 Registration
o 4 T H7&
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12:00~13:00 Lunch
13:00~13:30 A7|%3] (Crystalball room 1)
2015 3=A18t&dl 3] /34 & 7]Z744A (Crystalball room 1) (AF3]2}F : A& vRA}
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13:30~14:30
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16:30~17:30 ¥ 2E 2HE (Lobby)

November 5(Thur.)

Crystalball Crystalball ~ Crystalball

Time room | room 11 room 1 Emerald Charlottee Pearl Jade Ruby
08:30~ 2015 A 3t& 3] & AFORE2015 Registration
ccTices Special
33 9 /Low Caron >¢sion 1 22
A e A Wind E 'Internation T ) _ Hlo] @
0900~110 /jﬂl;‘ix‘l X:1 ZJ_ I Ind nergy I al JOint (-/J)\—'/'I‘:a) 2 ‘61103_}—% Smart Gl’ld I O] ‘IT]LE 1:”—/\].
0011 0% Workshop %} & @EF  (OnSuwyong 0T ST
0 2 (Dr. Hyun-Goo Ho-Jun CITNSTORY - 7oAl ° - Suyong [H}o] &
y g onSuper A F(FE52LL FAF HHAL CHAE)
HEEH  KIM) RYU/Prof. 2P SR TAre A5 7] 81.KETEP]
HHAR $\I/v)ang Bok Northeast
Asia’
31:00~12:0 POSTER DISCUSSION-1
32:00~13:0 Lunch

Plenary Sessions (Crystalball room) (Chiar : Prof. Eunnyeong Heo)

- Dr. Soogil Young(Research Professor of Green Growth and Sustainable Development KDI School of Public Policy Management;
13:00~15:0 Director, Sustainable Development Solutions Network (SDSN), Korea
0 - Prof. Yogi Goswami (University of South Florida / Editor-in-Chief of Solar Energy, USA)

- Prof. Chunde Yao (Deputy President of Chinese Society of Engineering Thermo-physics(CSET), China)

- Prof. Gento Mogi(University of Tokyo, Japan)

15:00~15:1

5 Break time

Geothermal Marine Wasted Eenrgy _.
15:15~17:0 Energy I ;ygggﬁg” I EnergyI & Utilization I BDIO lE(nerbgyi
0 (Prof. Jong (Prof. (Prof. Weilin I

(Dr. Seok-Hee PARK) LEE)

Min CHOI) Domenico ZHUGE/Dr.



COIRO) Yeon Seok
CHOI)

Opening Ceremony (Crystalball room) (Chair : Dr. Heon Jung)
- Opening adress : Dr. Hyungkee Yoon(President of Korean Society for New and Renewable Energy(KSNRE), Korea)
- Welcoming Speech :
Mr. HeeRyong Won (Governor of Jeju Special Self-Governimg Province, Korea)
17:30~18:3 Mr. Chung, Yangho (Deputy Minister of Ministry of Trade, Industry and Energy, Korea)
0 - Congratulatory message :
Mr. Changil Kang (Member of National Assembly, Korea)
Prof. Hongguang Jin (President of Chinese Society of Engineering Thermo-physics(CSET), China)
Mr. Byamba JIGJID (President of Mongolian Society of Asia Super Grid(MSASG), Mogolia)
Mr. Li Bao shan (president of China Renewable Energy Society(CRES), China)
18:30~20:3
0

November 6(Fri.)

Crystalball Crystalball  Crystalball

Banquet (Crystalball room)

Time Emerald Charlottee Pearl Jade Ruby
room | room Il room 111
08:30~ AFOREZ2015 Registration
Special Wasted Eenrgy
09:00~10-3 Spec_ial 'SEe;?’It?]n 11 | <1914Utlllzat|on | |
0 ISessnon]I Policy, Abundant Smart Grid Hydrogen Marine (Dr. Yeon Seok Special Session
New & Strategy & I & Fuel Cell I Energy II CHOI v
Renwable  New Business : (Prof. ) "The Euture of
Non-toxic  (Prof. Jee (Prof. Kyoungyoun -
Energy (Dr. Nyun-Bae Solar cell  Hoon JUNG) KIM) Changjo Mocroalgae
10:30~11:0 Hybrid PARK) Materials YANG) Biorefinery"
0 system’ d ESS
e (Dr. Sun-Hwa
Devices' YEON )
11:00~12:0

0 POSTER DISCUSSION-2



12:00~13:0

0 Lunch
CCTI/CCS
/Low Caron i . :
Hydro Wind Energy I Geothermal Hydrogen Marine Solar Thermal Special Session
. .~ Power Energy II Energy 111 .
13:00~15:0 (Prof I (Dr. D & Fuel Cell 111 (Prof /Photovoltaics ‘Biotechnol
0 ' (Prof. Bum Jong-Ho (D . (Prof. Kyoungyoun - (Prof. Jin Hyeok lotechnology
Young-Do Suk Kim) MOON/Dr Young-Jin KIM) Changjo Kim) for Fuels and
CHOI) " BAIK) YANG) Chemicals’
Jeom-In
BAEK)
25:OO~15:1 Break time
Closing ceremony (Crystalball room 1) (Chair : Dr. Heon Jung) Bio Eneray II
15:15~15:4 Prof. Ma Longlong (President of Guangzhou Institute of Energy Conversion(GIEC), China) (Or You-lg<)\//van
0 CSET, China, Introduction of AFORE2016(venue, date) OH.)

AFORE2015 Excellent Paper Award

November 7(Sat.)

09:00~ Technical Tour



