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O (8%) v|= DOE/NETLS A 7€
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8YFH 117k# Ald=" “CO2
EEWES Fd oA FEAH
(http://www.netl.doe.gov/publications/proceedings/13/
co2capture/index.html). NETLo] A|¥3dt= CO, =5 #HH HA o tht
20139 HUlolE A5E de 4 o A CO2 =3 #4d HA T,
%2 24 7120 el aorsu obdle 2t

DOE+= A Y#AE =A Lab./Bench +% A9} Pilot &2 IFAZ

i, Lab./Bench 77E= 157}, Pilot #E= 67} A 34 Fol| U
Lab./Bench 7% A= ®Ee o 2013 st3jo|A= 2, 4, 12, 131

Capture Technology Meeting"9]

HAE AL 1170 Aol g E27F AAT

b 2441 Sk A 2172
Combined Przessure, Temperature Contrast,
and Surface-Enhanced Separation of Carbon . . .

! Dioxide (CO2) for Post-Combustion Carbon Rice University $960,811
Capture

3 CO2 Binding Organic Liquids Gas Capture Battelle Pacific $2.620,000
with Polarity-Swing-Assisted Regeneration Northwest Dicision T
Development of a Novel Gas Pressurized Carbon Capture

5 | Stripping Process-Based Technology for CO2 Scientific, LLC $3,750,934
Capture

6 Low-Energy Solvents for CO2 Capture Enabled Novozymes North $2,088,643
by a Combination of Enzymes and Ultrasonics | America, Inc. T
Bench-Scale Silicone Process for Low-Cost CO2 General Electric

7 Capture Global Research 33,747,879
Bench-Scale Development of a Hot Carbonate

3 Absorption Process with Crystallization-Enabled | University of Illinois 41,642,156
High Pressure Stripping for Post-Combustion at Urbana-Champaign e
CO2 Capture

4)

A Q7FEE NETL E#o)Ao 7]%&%
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9 Advanced Low Energy Enzyme Catalyzed Akermin, Inc. $2,906,759
Solvent for CO2 Capture

10 Novel Solvent System for Post Combustion CO2 ION Engineering, LLC $3,736,936
Capture
Evaluation of Concentrated Piperazine for CO2 .

n Capture from Coal-Fired Flue Gas URS  Corporation $3,866,711
Development and Evaluation of a Novel Board of Trustees of

14 | Integrated Vacuum Carbonate Absorption the University of $1,030,450
Process [llinois (ISGS)

15 Ionic Liquids: Breakthrough Absorption University of Notre $434.076
Technology for Post-Combustion CO2 Capture Dame ’

Pilot 7% A= #e} ZomH

2013

o= 21 FHAE ALk

570 FHA o ohs) WESL Ul
Ll
5 A %3 FA73 ATt H] 3
16 National Carbon Capture Cente1j .at the Southern Company $251 454,148
Power Systems Development Facility Services, Inc.
Application of A Heat-Integrated . .
Post-combustion CO2 Capture System with University of Small Demo
7 Hitachi Advanced Solvent into Existing ? entt;cl?l Research $19,351,780 (0.7 MW)
Coal-Fired Power Plant oundation
Slipstream Pilot-Scale Demonstration of a
Novel Amine-Based Post-Combustion Process | . . Small Demo
18 Technology for CO2 Capture from Linde LLC $18,490,456 (1 MW)
Coal-Fired Power Plant Flue Gas
Development and Demonstration of Waste Southern Compan Dem
19 | Heat Integration with Solvent Process for Soll'lvi es ompany $18,268,880 25 eM\(/)V)
More Efficient CO2 Removal ervice
Carbon Absorber Retrofit Equipment Neumann Systems Small Demo
20 (CARE) Group 59,365,822 (0.5 MW)

_12_




, ZaHA] A% Hdo ow,

- Lab./Bench & A 7%
59 A= o34 2o

DOE Ad3A| &, A F

HE A = o s A AR v
Completed | Novel High Capacity Oligomers for Low Cost GE Global 79 HA
$3,091,452
-1 CO2 Capture Research 2 a4
Completed | CO2 Capture from Flue Gas by Phase Hampton na 12 A
-2 Transitional Absorption University o 2 a4
Completed | A Low Energy, Low Cost Process for Stripping | AIL Systems, na
-3 Carbon Dioxide from Absorbents Inc. ’
Advanced Amine Solvent Formulation and N
Completed . Trimeric
Process Integration for Near-Term CO2 . na.
4 Corporation
Capture Success
Completed | Design and Evaluation of Ionic Liquids as University of $434.076 15W A
-5 Novel Absorbents Notre Dame ’ 2 a4
P :
Completed | Carbon Dioxide Capture by Absorption with University o 11H A
. Texas at $2,262,325
-6 Potassium Carbonate Austin 2 a4

- DOEY] AHHAAE 7|=EZE &FstH ofell E9} Zth Lab./Bench f
2 A= OA FA, HFAR FES 5 e, Aqueous system (1)
K2CO3 <& F4, (2) ot &Y AFFA, G) vl o3+ A

<A (Catalysis-enhanced), (4) “d+-2l(Phase Separation) &4, (5) ©}¥]

A e FAY] AR &R g AT K2CO3 FA 9

%, T4 AA Rus 3T IR eH, S o7k 3

7]<(Catalysis-enhanced  technology)Z  T&% A= 27| A 4L

Novozyme A& F5A/ 387N, Akermin #A|= Supply Chain 4

H 23k Equipment 7H'E3A o] AAS 7Y AR A4 71e E°F

oA+ 3H Company, 7| x4tE &4 7l #oF= Siemens 71€9 I}

L HZEVE JyH Tt

b oot

Ll } O}‘/]E‘r Rl (Prec1p1tat10n) Ultrasonic, Flash & T3 A7/HE A
AEAol A== AT

o (AAH) &8 Nl Ao FAHAEA ERE ofygt AH=ZT|eF 2

Equipment 7H&o] A o] H A1 ot
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52 ]irocess Project Leader
K2CO3 Heat . Univ. of Kenturchy
integration
K2CO3 . . Univ. of Illinois at
based K2CO3 Crystallization Urbana-Champaign
K2CO3 Precipitation + | Lawrence Berkeley
/Amine 2 Loops National Laboratory
Amine Ne‘./v Conventional ION Engineering
Aqueous based amine
Piperazine | Flash Univ. of Texas Austin
Catalysis Enzyme Ultrasonic Novozyme
-enhanced Enzyme Conventional Akermin
Lab. Phase.z 3H Company
Bench Separation
Amino acid
salt
Polarity swing
CO2-BOL | ,Liquid/Liquid Batttel
Ionic Liquid phase separation
Non- Silicone Liquid / Solid GE
aqueous sepatation
Organic
Alcohol
-based
Cross- Contactor CARE, Gas-liquid contactor Neumann
cutting CeramicFoam RICE Univ.
NCCC
MEHI KS-1, MHI's technology pilot | Southern
Pilot | Aqueous demo. Company
BASE BASF’s s9lvent technology Linde
pilot demo
(AMAHE) A Al dis) ExE JleE R A dSEHE Ve
52 aoket oy e} LT}
IHA) H W = W] 2 o4 A3 23
Battle (CO2BOL) Heat duty NETL Case 10 57%V
Novozymes Net plant efficiency | NETL Case 10 25% Drop
GE Energy penalty MEA(35% Drop) 23% Drop
Carbon Capture Science NETL Case 11(27.2) 32.2~32.6
. . K2CO3 30~50%V¥
Akermin Equivalent Work | 5 511 snco) <150 kWh/tonCO2
Net plant efficiency Sub-Critical PC(36.8%) | 28.9~29.7%
Southern Company MEA(26.2%; 29% Drop) | (19~21% Drop)
Efficiency penalty Sub-critical(10.6 %pt) 71~7.9 %pt.
Univ. of Kenturchy =1R-1
Neumann T
Linde nak
. . Equivalent Work 190 kWh/tonCO2
Univ. of Texas Austin COE COE 61% Increase
Univ. of illinois Urbara g
Champaign
Lawence Berkey o) a3
National Lab. -
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EU, ZJIMXHHDIE AR 18%&8d |4 T

- ENDs; 2013. 10. 02 -

(B3 2014 LEGAHA EU AT A7AAHZERLAH
(WEEE 2)°] w2} EUS| A7IAAH7E AgE A 7271 o
189 Egjol Suts Ao ZE AW

o7 APsigon, £3 %%‘, éﬁﬂ?l, Al T2 370
okl A 71 A BFYE AR 53

ole} Z2 HIAAHTE A A
WEEE 20l 7]QI3t Ao =X, & YL 3 —’FFH*JOI He A7
AAFe] MAE 71E 107 F5olA
oskal, 2016~2019d 713F &< Al

45% 3 FE EEZ 5t Y-S

Frost & Sullivan®| XX 1A= H7|= wj@v]&9 dsd 73
A 71 & 0] gl A= A o
A7 A2 A = Az Al AP%HT‘:— a5 WAE a4 FAZ Ad
ZIdEel AVIdA T =e 88 7Hed AR FES] AlFE)
AX A7 AR 7 = ZH%LQOH =9

(AR EA Seldete] A9E A7 AAHIE Ao B Fol
Z7453 93, AZAAT Y WA e Bl HXE 9
of td =ol7} o] FlAL g A7 AA/ B uFAT B
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O QAECOL =S4 HUHETMYE HSWUIXIL
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Hgot 0l

- http://solarthermalworld.org, 2013. 11. 18 -

O (¥%) “E80/"3 Buildings-reconstruction concepts towards energy plus house
standard with prefabricated active roof and facade elements’ ZEHE=Z
94 HFAUALES oS AUAZSHE M5 oHHESE &5 & =
EXE+ Building of TomorrowZ=ZTI#9| ;A HA|=A  Austrian
AEE-Institute for Sustainable Technologies (AEE-INTEC)ell ©}3] 3 S
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building envelope

e8073 _
building

R grids as storage
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[J Audi open 6 MW power to gas facility
- PV magazine 2013. 06. 13 -

O (A% ot e= 6 MWFRES Al4f power to gas AHIE Fdo
At ob¢T e-gasE WHHA FAWETIEE= A A H Aol A

712 FAhE LS o8 CO%t HHEAA WEoR W
kA A & 7FeFE CNG FHAE FujE o AFolt). of¢-¢
e-gas project FHANA XPHI Y= 7HF F FE2Y YA
A % /\]’\E“Oi Wﬂ«] Xﬂ*g HESE g8AHog HA7FAed=Zg

=9 COe | L”ﬁ egas% s Olt 2174 220,000 715

o] UF7t Fdte COY &3 2t gt of9T = e-gase
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ojth E FF 20 MW RS Al S AR TEE dA oIt

O (AMAHE) B71A8] BH-AA A kEe} oA ¢35 dA=
A AANAA Y e} olE HFoz ARE F A= 7=
Mol Hesity, FEuydhs 7haRo] ujg & A Eo glow
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N
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- 2013 INES seminar in Netherlands -

() &4 TS g ofA o}, “ﬂ"?j, oo 713 2 A4
=7 B HT Ve olqf H AR F

3 Netherland, Denmark<S <4 Oi AA SEZEA Pilot 7]
< MY F, E3] WetSUSji+= PRO, RED, CAPMIXQ] SR =1

/|

-

Pilot @A) 7]<<l PRO, RED+= EF 8T Az A} 5
AT 3 T (HEF A4 2 tiAads)

dF3AQ Pilot FA A Scale-ups 9% &0 THE EE
w9 WA, o B2 pilot AXE &3 data-base up scale, &
H wsk dg
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Pressure exchange®] °lUA &E&2 99% o] o= PRO A& 7
T EHe

A= RO &89 (349, Cellular acetate)E ©]-83t HAE F
Nitto Denkooll4] CA ¥ TFC #8829 E5F HZXZE F

AT 5 3 m3/s

= = Zole AHol w2t g2y HesiAl= 30 m o]
ZZAEE 7l dho] HlFEE X 3]

Fouling= =71 9% chemical cleaning *}H 7H¥ (Trisodium
citrate)

Prototype® HA E&2 5% 8%
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AAR) d4 Q83 A Nee 8 FA0RZ pilot TA
A o] X E oy, EEu A5 A, AA 2e &
A, fouling® #HH T FASE Ul scale-upol olH=E
o] A& ol AVIAHA FHA WA Tles At HFA
AT/ NS sHA =R Zled Aol 7hsd
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[0 OIZ2cior X T4, OlM9E A M8 FI A4

@)

- 2013. 11. 15. Energy Environ. Sci. -

(¥3}) Chemical industry &°FollA] fossil fuel consumptlon«]
renewable energy=9] WA A& ALY AE 2 U A B&
S Az SHoA FFFHI Q7] "ol olH3 A
oA olqtEterAE WA FHEE JAAFHI Y. o]Ey o}
Messina TtHete] Gabriele Centi®t =& Lyon THE9 Elsje
Alessandra Quadrelli 52 renewable energy AF-8-& ©|4tslgha
A% Jk3Zo] Ff Ee thA|SH= A o] chemical ¥ energy value
chain®l P|X= G Wi AFE FPstaL Ao, process
industry ol Al o] &gt o]4lslgtA o] A8 renewable energy Al
&< A dZAsks kel ARl diste] dnkEQl Aol
/‘19] =27} st o] FoA L At 53, o|qtEEae] &
38} Fofoll A FujE o] &3 AFoA TIEA tFox
AT o]4FstehA o) S| ¥kg-o] o)) ethylene %=+ propylene}
22 short-chain  olefins® 22  Z %o}  Fischer-Tropsch
synthesisE ©]-&3 syngas, fomic acid, methanol, dimethyl
ether, hydrocarbons ¥+ methaned ¥48< & F o =3
T4 ALl oA renewable energyﬂ AFA 8= cost B
environmental effectol]l el A= TFFaL 1 2™, process industry
| A renewable energy°ll ©|4IlHAE FXHEEE AMESIE Tt
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- Renewable Energy World , 2013. 11. 05 -
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O H, MIAl =0 =288A A4, 20154 MW 83

- ITmedia, 2013. 09. 17 -
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(1 H, Tokyo Gas, & MEHY SHA 018 &4 SU4SH AL

O

- 2013. 11. 05. AIChE Annual Meeting -

d &) Tokyo Gas= ADSOTECH, Kyushu thh&#e] F&dT
7] 9 A E EEste 1eR A E A4S HT-PSA
E g AQbE HT-PSA 8742 Perovskite (LSCF1991)%}
W dutr)el dufAlE o] &3 6000C 12 T FEH
2k (VPSA) Wroln, AWy tivl oA AHlgko] A1 =
AR SE Y ZAo® B, 1,000 Nm3/hg A& A
Ao g A HE o A3, 0192 kWh/m3N-O22
Hol oA thaHl A AWH (032 kWh/m3N-02) 3
18l F2E34 (0.33~0.5 kWh/m3N-02) thH] ¢4 A
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02 adsorbent
Perovskite4type oxides

—~ heater
—  Heat exchanger

" Heat storage material

" High temperature chamber

AkE FAL Be exolN FASmE 7] sdel whE oy

A AR FF FHLE 3+3F400~5000C) F F2HA vlg A
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02 “NSEE OIfM 2 &5 JIE, A2 oluXE

- Smart Japan, 2013. 11. 13 -

O (BF) ATAT B WAEAE L-FEo

o2 Aostd a7t ARG, gAUTE AR A FAA
ANE Y AXA St 20~30m28 FRT 5525 EUE P35
= ASAEE MYt Ao FHE 2-FE5Y HolHE vES
2 ooj7e FHEEE AodA BHE =R

OAU7 71eAF 40 A% 400m2o] FHFFHE oz A
ol AAFHAY. 7P & EALS A U FRYHEY Fo=
L AstE “AH A S &3l Holth &3 e dAd
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EEOEN -
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[2982] AAAA (A : BHAUT 71E€ATFL)

GAUTE 4EAEY ARE vgoE, UF ARG A
WA A2 el BAA 2 S BpAb] AZE Aot (17 3).
A% WAFA L FAAAE v=0A7)% FFOE AR
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=~ T

MEX  http://www.itmedia.co.jo/smartjapan/articles/1311/13/news027.html

_28_



V| JIE}

O IEA, OI1=301 MIAI X1 &4|{=01 & RA0Ict MY

- NewsObserver.com, 2013. 11. 12 -

O (BF) AA AR TIEA)S] Aol w=m zowﬂ m=o] o
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Alotel AbF-Toletn]otE Al XAl Al A o] Akfr=ro] & Zlo]
ekal 9
- ol T3 (hydraulic fracturing)® % E=d ¥ (horizontal

drilling) 71&9 /I =E, A2 = 2A2TOFETA ALdETo
ZRE AFe} 7t2E AFTHOE I FEta 7] HEY

= WA Aol 3 AR thdk =0l FT=&
o] AA2 Aol 50}0‘34 oAl HutE Ao =E [EAE
Ae. T3 A= *110‘7}*/00‘ el AFol & A
o] FU3 Yo 3 HFS BHEFE AL oYty Fx%

o —1-1T
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V| OHQIESAY 1A

O UIEEE 9 1Jl=, HSHEXZN 2SS
- INES Seminar(Blue Energy: A Growing Market), 2013. 10. 30~31 -

O (AF) YEBA WA AA &) thF okAo}, §, ¥Fel J]

of Au FH

=
E AA FolH, Wetsus 3] A= Capacitive electrode %

4 ATE Lab scaledl A X8

- =29 0]9 Statkraft 3]Al= 4kWH Pilot plant 975 FTE3FAL
2MWH PRO d#xt 23 SdES AAs U=

- /o] Hydro-Quebec 3|AF Bl ZF B0} g2 Z =7l A 4]
D2t A FAF T AL A=

- IWel A= KIER7} PRO, RED A9 &4 Hd A7E Lab

scaleo| A 43 =

A T dA AAE 2 sE o #d EE

2k AL scale-up 3H7] YSIAE AHREHE BEjute] o
ko] o] Folx A4 @UHE EFojof st

- 329 E 9] 9% chemical cleaning WH ol 83ty

)
- OGS EHE e 53 & 2 Holguo] A8 =3}
=

O (MAH) EA d&A EAH Ve FHS TAHLE pilot BA
A el yE oy, e 4o AN, A & =
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O AZHIAIOL HSaAE tiUXDis WS
- QI | A|O} teKMIRA (R&D center for mineral and coal technology)2}2|
S=AHT 9 KIER lab at tekMIRA A 29|, 2013. 11. 12 -

O LRC upgrading 71<=°| 443 #dd L& Kobe steel®] UBC &
A A3t Abdol 2014 AFFE TR TREFE A O Y, oA 7MA] W
Bhd 229 Qe @A A= 714 8 Ee gEo &4 W&ol

o

=2 Oilg o] &3 UBC 7|&2 AAA ZWA o|Ho] 1%

O o]l¥o = B2 LRC upgrading &5 H 43 AI=7F <A
Aoy, dA= FEH AU =HA F=

O RI=uAJotoll A FLU3HA AMebg AT3te THA T4 tekMIRA
N Jakarta BEZ ¢k 200 km o] 93 Palimanan®] THe]
pilot AHIE AX]ste] JhE. o] Foll= colddry briquetting (CDB)

olZ}+= LRC upgrading pilot ARE ZE3 o]+ HAHE} Qlo] A=

3 on-site use £

O 3% Palimanan®l| activated carbon AZE g rotary kiln,

briquetting A ¥], 5 tpd coke maker, syngas A ZE 3 gasifier

=] o]o
5 °l U=

O tekMIRA ¥ QA =uyAjo} A&k & RoloA+ CCT E3] LRC
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- N EH: CSE2013 st 2 =, AEX|AZ|ZE-AE2H, 2013, 11. 10~13 -
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- FuelCells Bulletin -
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O Ol= tigd AsdX HA AL T8 TS0

- FuelCells Bulletin -

Ho]'l—ﬂ

d-&3t

(&

S (FTA)S Pl=4F A5 A W2

o] Awreare A Y= 3 20129 RE 87
I FTAS National Fuel Cell Bus Program < %3}
A ", 20063 FE A AERA s SsH A
£ 9 AL A% A5 2 HFAY S AdHskS

=] ©
W LAy s, A Tl i, stolBg = g oHiE g A7
ol k4

ol
A

k]

>

=)
[¥ H oZ

29 A AL 7]E Y
Q NOx, SOx2&] vj=

Db, ERAEY o FAR Aste] FuelN e
A7) Wae 3449 A71FHATe, $4%4 Az, 4 A
28 EZE BRE Foho] ABP WA =90 AFF. T A
% A%E vgor FA FuHs A8 duAA Wx Aol
N 5 A

U B W BEAsEe M FEoR ARdA W
2 ZYFoR JadolsA WAE LI BEA2YY 5
Z bsAol ¥ Zow Doy
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[0 ABB, ({11 EHHREZAO| system configuration &2

O

- 2013. 10, 28th EUPVSEC -

Global PV installation capacity= oS3 YEUO S WEA F7}s)
T e, "l FAEkE 2050d 9= 3000 GWoll o]E Ho=

A
v

1

10MW ©]/49] large scale®} 100MW ©]%9] very large scale®
T EA GO FE = very large scaleo] X s HdAdE A

Uol-

very large scale® system configuration 53| extra-low price
9] PV module®] &3t cost reduction ©] Ego]H, 1 2 ojd 9]
Abol o] Alols &4 A B ATAA £ g olwE 1w
sjHofol & Ao=w AT

& oA AGAR ] g} HEEs 5 FEIE B

oo
oo {o

=
-

2 A
o 2

o) HE

olo} o] T ElFBEFE BUYRA & Frb] U@ Aol
A A ol BA AzEl Ao B Bl 0F Balo] &
o} A1 glon, Lo WE FEABE FAAA T Ut AH
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[0 SOFC &%l et <kl S
- 2013, 10. 27~11. 3, ECS 2013 -

O SOFC % SOEC 7]= #d 483} T 3t A= P+ v
o Pacific Northwest National Laboratory <] Subhash C.
Singhal ©] F&3te T3xEstA o SOFC ¥ SOEC 783} 7144
Td FAHEE offot 2o

7E aCE S
Bloom Energy (") 100kW ©]7do] tig Al 2"l 483}

sopc | Koycera (¥) 7188 700W 5 Al2=Hl &35t

system Ceramic Fuel Cell, 1~2kW = A" 483, 60% electric

PO Ltd. (=) conversion efficiency, 1500 stack/year

1kW 5 CHP unit 25, dA 150 unit

2 HF | Hexis AG (%) field test <

Ceres Power (%) 1kW 1 CHP unit H 5
Delphi (@) E"Y Bxdd (APU) 483

2% | AVL List GmbH (%) [10Sc1CeSZ Al A& & &A A&

2016'd 73 200kW § SOEC 28 383} oA
Staxera stack ©}-2-A4), HyO+COuco-electrolysis
Topsoe Fuel Cell (Rl) | RISO National Lab. (DTU), 1~2 kW | 2=H
Ultra Electronics AMI
24 | ()

Unit | Lillipution System, WeE =AHL 2423 A"l 72 Unit
Inc.(7]) price $299, Fuel Cartridges  $9.99

]
i‘% Sunfire (%)

5~300W A& A" 7|
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[ O|=2, California Institute of Technology®l Erik J Brandon -

O

O
> \E Yo Yo 2

H20M 2= JI1=% Supercapacitor ¢+
- 2013 ECS stg|, 2013. 10. 28 -

(83 Caltech®] Erik J. Brandont @2 2%ZolA 5 4
+ supercapacitor®] T84 A LEIT. OE AYA A
A A HE WE Y= A4 FE kinetics® BlF EFoE
Ab-go] A= 7] W&ol =3 A8l A supercapacitors o A
A&l tete gz 1" 4 Ytk

=
FAGEE 2 §UE AFIHE S0 FadTh HEHo
A
o

S Afdd RSV 52 AAdS EFst] ARSI
1,3-dioxolane (%2 5E%)3 acetonitrile (F2 F3A4F) = 11

N
2 &35t A& (J. Electrochem. Soc. 2008, 155, A716)

>
N

) A A|3A AR AZHA 2F w2 7F Bo] AREFH AL
U FA L BH oA = supercapacitor’} tiQte] & &
I supercapacitor 79 WHEE2 A=A ol 2F 0]
A=t FA2 FAANA Fsstr] fAsiAe ¥ =
FRGTE A AAEASE st Aol Fas.
kA supercapacitor Aol A A4 o T AT} MEE
Asfjd /N A= B FHoF & Zow FddAT

d

=
4

— = N
o
2
pN

i

rlo

2L gl

rr
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] I]IE Sandia National Laboratory@l Mark D. Allendorf - =
=-8J1 O3d SE&8 0128t MIXI FIH(electron donor)et

x,_m HHl(electron acceptor)®] U'‘cHiS
- 2013 ECS st3|, 2013. 10. 28 -

O (%) 7] A= AAFNEH AARNE HH=A|7 o] F
= & (donor-acceptor heterojuction) S 2 T EHT o] df
AAFN G AR o] & wdEHo] AT Ao a-&0]

- "= Sandia National Laboratory®] Allendorf+ T12% o= uj
A9 FE5-77) gd3A EFo FxAHA EAS 85 AxF
Ak AARANE FLshA FLshsd ATtk HKUST-10] 2
~ 7577 3 E- ddaE AgE FHA 7L TCNQ
g =4E WIAIAA FRETE E3lA ;ﬂx}ﬂ 55 7 A 2
kATt oldf S5%-77] tE3Ad =42 photon antenna=A 9
q9ge FPsa TCNQe Hasd 29 7les A2 ddsts
Aol s BE2E AT

O (MAE) $E ATANAE HFRA BA AT ged 7]
ot AZe 249 AR AFE ALHO
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O OI=9 &3 - liyX] &4 I3, Y S

- 2013 Conference on Coal Science & Technology (ICCST 2013) kA1 Gl 2ty
2013. 10. 23 -

2 A3 (Clean Air Act)E
2AgHTL2 WlETFA B

A A&HAH - A A MA AEHEFFY AZEAE AEO]
39%, A7t 8%, HAAZF~ 20%, 8 15%, DAH 17%, HIol L
Age 7l QIS AR 1%Y. £33, FF5 AdUAEZAE
57} oF 95% 5 2 A|F2 HlolQ ABE 5% I

al
Aol £MAHS FF 30497 oM F/HE AR dSHT Y

mmoll e 20403744 F EAFY] 1/3S AAERER, 1/3<
AAH o2, 1/3& AB7s AUAZ 53t TEE S
I Ae. T FEo dsiAe A fFEl dAYAE 25%7HA <
Asty, Hol2 AR+ 30% = TojEElH, =3 45% S HAH (A7

AR RFOR e AL BER 32 L

A Qi - oA Agol oEam Y& oA AA A
guelE 3 she olfE ATEA dyolgrugE O et

2 90 YANL o EFT Yk oA r FHuo] o
& 29
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0 FILICE WOAE S, MEDIASH|H S EA OESYMSHE
- 2013. 11. 04, &5 X[(2013 AIChE Annual Meeting) -

ot s, 24, FEI5
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- 2013. 11 -

O (83 ¥+ JX Nippon Oil & Energy’} 7} 8 SOFC €® 3 &
g SOFC2"-& &AS And-s /Este] Ao A

- LPGY E=AZF2E ARGske] A 700Wel dEe Aabste, o
T2 45%2 ¥4 £ ddsE FF 5975 = 5
AA E88 87%7HA EolXth AlxH®lo]l A/ ~elo A}
"ok, 7] &mrbAe 2hdr|E 2707kl o)

O (MNAFE) ©olAl PEFCE ¥ 7148 A5-A AFd A AAZ
dAE FA3%7] AAS T, PEFCe 7 <
A4 7tAAZE, ] A

o2 #oky. o]o] SOFCAIAHE w& g g, Al2H

Q, A

A = 2
w3tE §3 T4 JMAALS MENFeE A T v
R
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O ADIE OIEED A\|A TT ZA (Delta Energy ¥ 1l)
o

- European Heat Pump Summit 2013 &3} #HZE OHX| 7|& =%, 2013. 11. 05 -

Ao SERZAF AL FAE &FE GEF PHOoE WA
1 gow, oo met FYNAE 2vtE IFSsh AAR FYY
29 A% I uHD e

g3k QoA AZ7F fFolH, 53t

of\

Y= EH HESA T 3} Z2AE JYPsiH a5 F3

=< entelios : air-con units Ao} EFA ME. dAA HH md S

S| EH X Value chain AoA 9 22] 93] critical Point= &+
&3}7]o] nl-gETE ol HAAHE mHs|oF . weEkA F8A)

7} #oJ3k ~nlE S EFIZ Holst AFoA Hag
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O |89 F-gas 1HIet Eco-Design X4l (EPEE &A)

- European Heat Pump Summit 2013 &3} #HZE OHX| 7|& =%, 2013. 11. 05 -

O F-gas TA AA F7 w74 HFC phase down< A7
FZ. ol¢ AHH 2012 11¥€ EU 93 Aeket Fol=
217 YA 2" HFC AjbstE & F7t=E U+

2
lo

O =3 6€olx= EU 93 H7t=3te M= Acko] AL =9 F
] 921, EU Council & T+A A/MA Yo F+ &

1 937 ¥ 54 YA W Service AMEAldE FA 8= 7L
| 18 F<Y. (EPEEE Banol+= ¥HOl 94AY)

o

d

N
K

O Eco-design 742 oUHA A Zs7t vpAl HEE st 1L
g8 AFo g 8 St 7 I EFEZ
+ 374k heater®} 3|EFizo g T HHEE ALESFOEA 3
EFE AAS S7F A7 A%

O ENTR Lot6/ENER Lot21 (tH-&%F #|F 12kW ©]4) 213l Folm
olo] the Fasta, & FAV FFE A Hete] AL 90% o)A
AN EA8= AlFel v 2X8 F A+

O F-gas regulation ¥} Eco-design regulation< #A|7} E+. 20143

7V A F-gas FAIE vFF-2l3Fal Eco-designoll ok AA A A
< A S
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[0 215 - HOI20IH Xl R&D XA S

- 5th India-Korea Joint Workshop on Bioenergy, September 9-10, Trivandrum, India -

O Algal Biofuel and Biorefinery

- Phycospectrum Environmental Research Center (PERD) : Algal

Bio-fuels

- CSIR-National Environmental Engineering Research Institute
(NEERI) : Microbial system for CO2 sequestration vis a

biofuel generation

- CSIR-National Institute for Interdisciplinary Science and

Technology : Biofuel from marine microalgae

O Biomass to Biofuels

- (ICT) : Biofuel technologies: Present challenges for future

success

- (IIP) : Catalysis for the production of 2nd and 3rd generation

bio-fuels
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[0 University of Western Sydney(Z=)/Polyacrylate 1l&£XI9]
HIEXIE =SH, TE0I= JIY A

- 2013. 11. 18, 5™ Asia-Pacific NMR Symposium -

(

O
[-l (|
O

~J

oly(acrylic acid)= ¥%+
AAH o R "l Fa3 2l
(superabsorbent), T*g] &C = P 3}
FE ol o] &St = 3

== MEstr] A o = <
(trial-and-error) = 38 P AomH, 754
]

(@)
o8 we 3ol HaES FAo] Bastch webA

S~
—‘—l

ol
[

=
2

o & o o o

me o By ¥o Pl

H

F
O
ok
K
yf)

=
ol
rr
N
o
=

%
it
T polyacrylate E4& © 5
&3] FAIE7|= AT polyacrylate?] &4 A ol A
HE-3-Q1 radical T3 polyacrylate A1 HAMXAE
102 d#Ad dth. NMRE o3 Bz Fejol 7l
= o
2

chromatography ¢} 22 <= 3 + 3

ol ox o
Lo a
r
olo
off
—I—l

0 ooy ot o\

O (M) AS nEA AT BFL Mvnd L AROE
st ATATE Tl ME Ao gtk LA AFY FA Bobs
FF R 715 AT, YAz Az 5 AT Bobl B
o WE KIER WHAoR ARTAA, 184 F47 e AE
A ATRol ATAd AR BAL 2T §HATE FIY
= zAsE Aol Basth astelse sHAw

_47_



[0 @&, Kyushu University - Coke HIZEJIS
- 2013. 11. 12, KU_KIER symposium -

O ZEk(lienite) O ZFHE] Coke A X7]|<&
2]

- AR SRS o 5%°W7tA HxI & A} AVE AHEY
(briquitting) ¥+ ¥ carbonizatione &3l 7 R A 3Lk H A A}

8 7}53 Coked Ax71&

O 7%/ F&7} KIER 83X AH)

- KIER®] Z& Ax7|<# §3, 259 cokeAlZ7|& /YT Q
- G5 AFoE #v shed VeNd Za

- Kyushu Univ.¥] coke A&7 /&AL 9
- A AEFNEE A g e
% Proceeding of Carbon save the earth

Paper No. : KN18
Asuka Mori et al, "Production of metallurgical coke from lignite and biomass”, Nagasaki,

Japan 2013
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(] Rio+20: Aruba To Turn Off the Fossil Fuel Switch
- 2013. 10. 08 KIER-Aruba Meeting -

O o}FH} HF+= Rio+20 Conference |4 Carbon War Room (CWR)
I A= 100% AABAAA =2 oA XEZZLE T4

SFAR T CWR-2 Rchard Branson©] AJ&FgE W& X|&7153F ol
A gigk o] s EA, ofFulE Udt AAVE AR e A
HA =72 ThE FH0 2 o7 7HA] A Al A3 o
S 9Id3lE= New America Foundation 3 Zo] €& '8}7%] =)
Ao}, o]n] Caribbean 3 Latm America BT} o} Fnl= A& o
2 =2 gt AL st AT, obFuES: 107,000 Al?l%%
#ste], 123 proposal = leﬂ-ﬂ_t} ARG AL ZA =

~

N87k @ 2 olth 2y oled AAHA HFE BTy
ojRulE we auld, Be AZde] 718 Avew At £
WEol A ouA 7FAE okrre AAE F5AsL Ak of
ke 2 mu FHA A A2 o 20%% WA o

T of A anu}‘/} ‘%% Ufalr*a‘ol of| L4 A] %%]% -ir stal Q=TS
A ZystH CWRHS] Partnership2 st 2 Bdo] 2 & o

O (AAH) oFFrt= HE, £ 5 AAAdUA Y T2l ¢
A A A AR (ESS, Energy Storage System)<9} &g 7 F o]
A&HoZ £ Aot AR ESSE AEHA &3 A, FTH
ojuf BjF #& /?_xﬂ*g NUAA = A L] oF 20%E AA
skl AT, & AHothek controlo] FHE o] Fo XA &1
)=o) AP LYol = ESS A& oF-3t t=F 183} st
A= AAY ofFHE & A2H ] ESS AMde TAFoE

o = AdsdTe] A7 Adyd FAE
A B HA AR e’ AR o

l_.

AL} mlr
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[0 Combined Electric Power and Carbon-dioxide Separation
(Fuel Cell Energy inc) - 0|

- 2013. 10. 22, Fuel Cell Seminar 2013 (H. Ghezel Ayagh et al.) -

o "= A5HA] F AR Fuel Cell EnergyAtollAl 31

stal A=
Electrochemical Membrane (ECM) 71& €& AZ& MF9 &
g ZHE Al 2H

o 7|&

-

conventional plant2} ECM-& 2 3gh

carbonate A5 XA 7|&o 7|¥HS & ECM

o CEPACS (Combined Electric

Power
Separation) Al 2~Hl&

and Carbon-dioxide
cost,

performance, water consumption,
emission@ | A Ao Qo] o]o] il HAlo] 8 FH
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[J SOFC CHP system (AVL) - @A Ed|0}

- 2013. 10. 22, Fuel Cell Seminar 2013 (M. Hauth et al) -

O =Y AR 249 “SOFC20" Z2AE oA Fraunhofer IKTS,
Plansee SE, Schott AG, Forschungszentrum Julich®} &7 5-50
kWel B¢ W9 dA7t~E &83 SOFC CHP Al2H A F

O A5HA BE F4ES H3lA anode recirculations = 3FILA}
anode recirculation blower (up to 600°C) % Thigh speed

(~120.000 rpm) radial blowersE &

O KIER9 A %= SOFC anode recycle 2ol tfg #4o] 854
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O =4 HZ8 &) A Jls - JHUCHQueen's University)
- 2013. 10. 24, Fuel Cell Seminar 2013 (B. A. Peppley et al.) -

O Queen’s University FCRC(Fuel Cell Research Centre) Peppley xl
T w0l o8l AAHL A= & Axd AT siHA #F

ATE 7]1E d7A=°] v T3 EH Macrod 7HE 7] a4 Y

<2 Micro size®Z &%A|Z] Multi-scale 342 43}

A= AFHE s thit HEFATE X-Ray AXIS F3
Ao)xl /NZ&7] W MicrostructureS I E |G o =z X g3
o

MA7] Fx814 Y T

LERIEE &Hoz o]Fojxol FHoz
MR ATage] AR ATPHel BAL 7 Best Je

2=
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a3, 4384 HERNT 4= =EY
- Fuel Cell Seminar & Energy Exposition 2013, 2013. 10. 21 -

(A& vz 23to|eF FHWH oA 7fFH3TE Fuel Cell Seminar
& Energy Exposition 201394 3E3 =0 =4, drt=9
asdE T MEES A¥sEta =

Rloba= 2050 7HA] MM AR 2R 43 Syde Hx2 24
stom, 202567k whxel Ao 50%E THEHE T
24, 20353744 100%E 248k g

FEEFANAE mRZEA R 20509 = 3] BH o A 2 E
=y 2 Aoz AW

2050 d7FA] FCEVZ} 50%E AAS Ao g2 AWsiH, UmA =
BEV, HEV, PHEV7} AA|& Ao = Hd

2050 7FA] 50% 9 AAAFE ZEXNE EAs7] Y= 2015
Holl= FCEVY Z7|A|A o] dEoF g

2011d o ¥ Hydrogen-2050 2= 0 24, 20501d7}A] FCEV
NZARFE 50% G487 A 39A A

2012-2015 2015-2025 ~ 2025-2050
Country-wide network Bulbld-up of critical volbume T - .,,_.dapli_

ﬂl

15 stations f €13 million 185 stations / €240 million ﬂSD 1.000 statlons
S50% public CAPEX suppori 206 public CAPEX < Fuel suppaort Commercial market terms
- Rei e e
gt bt gl -
- M - e,
L - '* - .
37 ‘- ‘ LA ey B
‘:ﬁ‘-‘:"“' _'.‘:331-'11
T ; ChE e e ki ..? PR
sl ¥ - - - "- - - - - -
3 3 - 3 - - t_- G, e - : 3 ‘_..
" e : {‘ -.-'*,.' oy 5, .-:"._.. * gt
- - "‘ T = - e A
- - o = ._ _.
-“_ - -
g - » .‘ e 5 > h :

O (NAPE) 23 NUAZEA, Azt AAYANIA 7 RAE 5

F
2

Zsot Udel M2 sHEE =71ES AgdA oA
=2 &3t 7)Hko] E & e =} 7=l tY 2=xo]

w=olslofol & Wat g

A 7]
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O A7RASLE AP 82 o7

- 2013. 11. 01, Nanomaterials Centre in University of Queensland -

O (&%) University of Queenslanddl A& 7]& AT dd= 13}
o A7 AT vRE FEE B3str] 93t Nanomaterials
Centre®} o] FAHZOFE A 3st= ATAE st AHE
MAdste] &£9%5 Y. Nanomaterials Centrex= 8}, 3b5, A 53
83 WAFE F UeBAS d7ehs ase ATASe 7@

e o ATNANE AHF dTPLHL A

AH, 54 9d9FE HF39 5. @A Nanomaterials Centrell A=

UA, A4el B AFE FAsm 9o

Professor Max Lu (clean energy), Professor Lianzhou Wang

(clean energy), A/Prof Gordon Xu (health care), Dr Jorge

Beltramini (biofuels, clean energy), Dr. Denisa Jurcakova

energy storage) 5°| T4 IS st . T3 AIBN

Australian Institute for Bioengineering & Nanotechnology)®} I

25 B Yo FRP A7) obd AEFH Js AP

S8R I ATE APy Y&

O (NAHH) A+ &oke Yol AgpA|a1, o8 st A& Adst
3 FHE S5 %% A= /\]EH/] A, T8 dAME &
FATE A=EsH7] AT A7 A HREE0] ARFHINoY AE,
A9 AF T g dAdo=E sty d=3 AL HA X
st A+ AHIS. 53 FAZEA JAEHJE HRo] dAH S
AE RS &84 AdE Sl ol FolA ¥ AdFEAo] gle o=
Bl mEkx 4 AEde 7€ AlHA RSt A
Nanomaterials Centreiﬂr 2ol Hxol AlEAA A AZFE W
3L F JA st EWE riHEE AR AT AFRESE AT

= = o
g HHeR & g A=



1 Utrecht University - Chemical imaging of spatial heterogeneities

in catalytic solids at different length and time scales
- 2013. 09. 01~06, Xith European Congress on Catalysis -

O (83 =l 7 oA spatial heterogeneities= ©]7] %] &}3}7]9d space- &
time-resolved spectroscopic methods®] 7ol &gk 7FA
HIAT F single particle detection, single molecule detection,
super-resolution  imaging, 3-dimensional imaging, selective staining,
integration of spectroscopy with electron microscopy and diffraction

methods, increasing surface specificity °F8] A77F FE o] F AL Q&

- ) HZA3} 8<1Ql catalyst coking & metal poisoning ¥ Al S
el A8d F4HY F2 A &7

(1

- methanol-to-hydrocarbon (MTH) processing®l|A] catalyst coking HZA#E L3t
2 FA= archetypal catalyst (H-ZSM-5, H-SAPO-34) Zuli7} 2 AREEIL )
om, 513 FAo P& FIX= acid site zoning TS 3l Fluorescence n
-XRD, TOFSIMS 245 83} nano-scale®llA] Bronsted acid sites® 3-D
distribution of activitys ¥& E3 ¥kg FHA B4 98l UV-Vis
Fluorescence theorys 283150, Z33¥X4-2 Si/Al ratio$} crystal depthell

T2 e 1

- fluid catalytic cracking of crude oil®lA] metal poisoningsS #*Z3}HS. X-ray
nano-tomography+-21-& &3ll, Ecat FCC particle W 7]1&< &
BIXE A9Eo2ZH, Nid} Fe poisoningol 2|3l porosity W37} A4
FCC Zmjo] 72 W3le} zeolite YW W3h= p-XRD 245 F3 F35H=

O (A MFIL A&TPsR S 38 AAE HAside Edd S
(heterogeneous catalyst)®] A|-&%t ¥ 3}(spatiotemporal gradients)el] Tthgk ©]
7t Tastth &, A FRbel FEshs @A B SA4L 4o
7F AR O vk, SHl, SH &80l U 4A FEdA YERUHA
uehA, S 3 Aol il

]



O @3, ACAL EnergyAl - HI%ZH 3713 SME AI20l= 1
Ms, THTA PEMFC AIAH

- 2013. 10. 23, Fuel Cell Seminar -

O B 2|2 AFog dlo] xE 9RoM AFaTY WIS A
/B2 5,000 Azt AHE F "o A3} QS
FlowCath

catalyst solution Air, water

Electrode Mediatar Catalyst A';E:E o
s & ~— Mad - ~* Cat - = O HF
_-_,-" = ;_,./'" »
Blowver \-, 4 \\‘-I \\- /
I at cathode 1‘: | [
| A ,l'l
Air A
Hydrogen ' ‘~-+.»h-'|ed---")I \\*-— :.:t.,r"j \\'w H,0
reformate fuel Pump x ]

[Z¥] (&) FlowCath® stack and BOP,
(%) FlowCath® redox reaction, Source: www.acalenergy.co.uk

O (M) AS Fule 2" wiRel lojor AThe
gojuh Sujeh A2we AL

= u

A of| A
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O ok or=2Elietul, Japan/Tawan/Korea Chemical Engineering

Conference
- 2013. 11. 9, JTK Conference -

& AASY) A ATE AYY

)

O (MAH) E=2 F7lete AUAEAE 2] st AA A=
oAM= AAABAAA Atel] FHE T AR AR o]
AS B3R 23 F g3 98 =27} JHF] EL ]

T= AAY. dAAMLE EA = AT AL AAR A FH
FHEse oMlste BAR HY IdE¢Fs A BT IUtIAE 4
AAataz RIgE dsfjE Haststr] sty A€ AL 53
o] TI/IEZREH AT ATE QU HIe dHFHoZ Ao
=7t =AY

O Fx==27H Wsede AH AAste 7led S 24T
AAE /A EZ Sy dA s ol EA ok iy} =
2% Fo=w vty
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9. 8 97 7
Anelt o M A& AL, 54 WE 25 ML, A
AR, =4 sehukg 2 Eul)%, ol dstea 2y 2 A%/

Ad7N=s MY T4

(AMAR) FaSHAAE el A4 ol8 9 CCSE 549
tAdstr] 9t ZEAEZGE oA mH AAGAHA 7= FHeF
Aekar shr)oll T2

Vg b Thermal [
H {Hz COy) Miti .-Cgo?m h
- itigating CO,, throug
Energizing the Hydrogen Capture and Storage
Economy i (CC8)
\ J Optimum and Intelligent
alalyfic Malerials Transformafions |
(Waste-free)
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(a,b) Scanning electron micrograph and schematic of the cross—section of a CdTe solar
cell in the conventional superstrate configuration (a) and the substrate configuration (b)
which allows the use of opaque substrates like metal foils

¢ 212X} - Prof. Dr. Ayodhya N. Tiwari (Head of Lab.), Dr. Stephan Bucheler
(CIGS 12235 &)
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