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Catalysis Technology Roadmap:

The chemical industry contributes to reductions in energy usage and
GHG emissions by continuing to invent and deploy new catalyst
technology.

More than 85% of chemical products are produced via catalytic
processes.

Newly developed catalysts allow processes to proceed via a lower energy
pathway, which can allow process steps to be eliminated and streamline
downstream processing, sawving large guantities of energy and reducing
GHGs.

rccA efforts to Develop Catalyst Technology Roadmap

ICCA is working with IEA to show how catalysts can help meet CO,
emission reduction goals.

The roadmap will show where catalysts can play a key role in chemical
industry efforts to reduce energy consumption, enable adaptation to a
changing feedstock mix, and allow production of unique advanced
materials that help save energy for consumers.

=

Changing Hydrocarbons into Useful Products

Catalysts play a key role in the efficient transformation of hydrocarbon
precursors, such as methane, ethane and propane, into fuels and chemical
products.

The trends toward production of lower quality fuels, more stringent
environmental regulations on fuels, and the advent of new fuel sources
demand step changes in the development and application of new catalyst
rechnology.

Alternative & Renewable Feedstocks

The ability to change alternative or renewable feedstocks into useful
precursors for chemical production is aiready a reality and will be vital to
future production capabilities, and catalysis has a role to play in this area.
Fuel cells, hydrogen production, and reuse applications of CO, are active
areas of catalyst research.

Materials Development

Catalyst innovations allow development of new materials used to make
lighter-weight vehicles and aircraft, adhesives for advanced materials, and
renewable energy structures such as wind turbines and solar panels.
Advances in catalyst technology will be crucial to addressing the challenge
of producing these materials from new monomers.

2-4] IGCC Catalysis Technology roadmap
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O EF SR A T4 YIS Y 94 & RojnE,
Tl A ARRste] ASE S thelA = 9] A E FEld
] 252 F& A71€ Shury HC S971<70d)

O =u Af7149 $2F 1=8kE2 20109 71+ <F 18%= AlZl=9]
A4 DEoke el e o e ol vEY gl A%l
DR} ol oY A

O I AF7149 1=38L S-0il 259%, GSZE 2~ 256%, SKOUHA]
20%, dUledWA 308%= V= 763%, ©lENE] 59.2%, =Y 53.7%,
UE 398%, Nt} 44.6%0l vls] A FAEH AL

O 201537bA] MAIH S = upgradinge] 83 FAF+= oF AT vjg/d
TFEolH, AlY T FE 1 upgrading project’t °F 6¥WTF wH/Y
ZolmR19) of 4wl wj/do] FAfo] ek 7} upgrading 27}
o] o
vz =]

(% 2-7] =82 & XMzlZl=9 AE =2
(el A &)
. 1EHA| 2CHA| e 58 | 7|Ele BB
o (2(')‘12|_4) ZEZAH Z2AH 3HE hH=Z
— (2015') (2017d) (2019) (20221A)
=LY 45 67 68 71 73
= 2| 0 133 1,369 1,428 1,468
1. MMA Heavy Ol BT MA SItek: 2 MEo| SHHRIRF MM SIlHC R FH
- QUME Bitumen A AFF @ 126 DHIIR/ (2005H)
- 2UME SHF Ak 842 THf /e (20054) — 250 TR/ (20154) A2
- MMA Heavy Oil MAtzF @ 600 THEE/L (20054)
- HMA Heavy Oil A 2lS MARE: 400 THZ/Y (2005H) — 1,190 TH R/ (2015H)
2. §X H|g
- M elF MAE 2|3 Upgrading s MY X} H|E
- Hydrocracking &4t H|-& (CAPEX) = 20 /(4 =/2!)
AME (EA : 2007 Survey of Energy Resources”, World Energy Council, 2007)
27 3. MA AE R ME
- MMAH Heavy Oil g8 7 MAZF oA Hydrocrackings Ol 28 B &l 7 A Ak
= 2005 : 400 DHHFE/ x 28% = 112 DHf /A
= 2015 ¢ 11902 M=/ x 28% = 333 DHf /L
- Slurry Phase Hydrocracking =& (Hydrocracking?l 20 % M 71d) 9| A& 72 A&
= 20054 : 112 DHR/Y x 20 MG/(HIZE/Y) x 02 = 448 A/
= 20124 : 112 TR/ x (1 + 0.104)7 x 20 MF/(HIZ/Y) x 02 ~ 895 A$
= 2015 : 333 DHE/Y x 20 MS/(HIR/Y) x 02 = 1332 A$/H
4, Tl = 22 5%= 7t4

19) 20079 9€
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AAANIA A AR A AAdE 7S EA
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2. 483ES 982 ASSHE HAse 9B A=

[1 ol =2 &8 AR

10000
9000
8000
7000
O Germany
6000 = France
5000 W Spain
B Italy
4000 B Others EU
3000 ETotl EU
2000
1000 r
gl ﬂﬁ._llmllrhm il
1998 2000 2002 2003 2004 2005 2006 2007 2008 2009
[a8 2-8] FEXYH dHio|2C|H™ M4 Ar2F F0| (chg: 103E)]1
O "=, f98 & AAl 2 F7lolA vlolbA AlFo] HFHO=Z &
= Qo 53 HRel X3 AR 7|z} AAEA A&l A%
3= S Holal S
O HpolgA Ao = FAILIH] ¢ 10%] A&l FiE=
A AAAEE, HT wlolebAle] AikeF Frlel| mel ZAlE A4
ZT 2001d 6THEN A 2005 40THEC B FEZ3PLS
O m=Z9o ZFFEAME AAL A 3007 A7 49E FRo kA A
LRSS B oy FHZo A FUIE QJs] FEHY dEHE A
2t
O YEGAE =TAE AL Z719 et S8AIE2 7140] 200443
180</kgoll Al 200613 165%/kg & 213 B¢k ¢F 10% HE=9] 31eFa-S
B
O =, °F 24099 RO

2 ZHME e FATRR Thots)

= T
ARe GAFT e Aow dRA U



Sojaal el ReD 44 3 413 5@

O ©=9] Proctor & Gamble(P&G) A= =@ A& =TA
Aol ik 57 2 oofAol S AE ARY g4l
$13l Malaysia Joint Venture, Felda Palm IndustriesE &3l @ 3.5%F

E 729 2YAE FAFTY AFHS AYsn U

i

O 20043 ol=ZEZ#H ALY AAT7FAS 2F 1,400 $/ESE LEHA U mH20),
200012 7|02 AAMA olaEH QA A4FFLS 259HE/A FRY2D)

O 719 olaZEdgQl A FX= =3 A ola=dy QU A4k
H oA g HIEHE SEHAE AYAEE ol =Y elS e
73

F, A%b 1589 FEIF AAE AL Qs

[Z 2-8] HH of=ZZalolel MaT|Y & A7t M

M7 A A2 (1000 mt/H)
Degussa 110
Dow 72
Arkema 30
Volzhskiy Orgsynthese 8
Daicel 9
Ohita 45
Sumimoto 15
(China) 4

O clasUAL AT AAE meae] MU Bajel o5 A
H 7 B0l JF o 25 FLMEL JMOR F ofas
O

gle] ikl wek A HEsE A

7
[e)

O

O Z2ddlS 7|Hto g 3 olmaE Qe A= 1,400 $/=21H W
3 sglAES 7Hk ol 7= 2F 2,700~ 2,800$/
Eog oF o A dAE AU

(o
il
e
L,
H
il
=
1o
o,
>

O 20023@% 7|Fo 2 HA AiF] 80%°l Fdl= olaEd A =H
oAkl HE W] Ao AREEHI fJom™, 20065 CEH

20) S. Vollenweider et. al., Applied Microbiology and Biotechnology 64 (2004) 16.
21) W.G. Etzkom et. al., Kirk-Othmer Enc. Ch. Tech. 1 (2002) 268.
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T OgE olaEY Q] fEAQ o= dAk
Ak SHAl 1980 7]EOE 40PHE
TEE FAAEFEom 2002 dHE 2007374 SAH A+

Hd whg olm 24} Fae AHKZHo® Ul

20109 71 AA s AlEF A1 TFEE 9F 1.3~1.7%

B7EEI glow, oF wlole shAlFe] AAhe

oF 5%0°llAl 2005 <F 7%E A&HEFHOZ FUlsta Joerz T

ofe] Al MHE 1% ek T sde] aTEM

ot

do © fu i

s}

3

.'ﬁl_

v

Jd ZloR o g gkehitdel A AR sk

iy
R 22%(SF 439 2 FR)7hA A

—
5 A

¥ o2 |d

[ 2-9] Hio| 27|t SISt Z2 MAANE & ot 5

[e]
=2

Shtde mid 3~6%% skl 20259 2= &
A

o

3.4%9]
3)

g9y FEo

H| &2 2003

g olgel
ol
=

A

jara )
o o

Mol o st

s 8W U

AREE

R

t

A
T

20254

100% 0% 1-2%

6-10%

75% 250/0 20‘25%0

45_50cy0

35% 65% 20-25%

45-50%

Z2|0 40% 60% 5-10

10-20%

£ X : Bachman, 2003; Cygnus Business Consulting & Research; Informa Economics et. al.,

Biobased Multi-client Study, March 2006.

22) M.P. Malveda et. al., CHE Marketing Research Report-SRI Consulting, Major Amino Acids (2006).

23) US Chemical Profile: Acrylic Acid, http://www.ICIS.com
24) HAR whol ol YeEd A, AT (2011).
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O M4 8 RES BET Hole AR AR

O JATIE AT AANF B3, AxY At g5l ME FE271%e] A
B8 ASE W) 98 ARE AR BFe AFHow A
AST YA FERE D ARHIAT WY RS Hfo A
7 ofele 43

0 20068 71% FEREeNA G olUAL WA oA s
21%%] 3,7005F TOEZ ©|F 98%E Aol &3t =

O FF& dUAe A= AFEss ¥E 5 U 33 Yol

22 A, ASlE SHolA oo dge] Aire o] Aladd
il

O Af, 7HW L FHNUAE ol emzoA A BEFYH
ol QAR thAl A A P59 FaF tietel B 5 US

O HgABe] ARADE APHA F5S FUHLE SoK )R
SEEERR EEED

O HpolQ Ane= A 28 FEA F=2H XFE& Id5E o] &34
AAFE AL QAL 2000 o] HGEFo] JIUlStAl flom 53 58
A5 hAE 3 vHlo)e AF YA vkl RS =43}

O dA A AA vpoledm Al FEE= 2020l &8y mjd 13%2
AAAS Holw 20153+ 535501] g3 7oz oA

60

53.29
50 47 .16
41.74

w 40 - 36.94
3 32.69
530 25.60 =
o 20.05 22.65
.E 20 =

2007 2008 2009 2010 2011 2012 2013 2014 2015

[32 2-9] MAMAH HIO|R2 HAE A& 72 oS (2H2: 102 USH)
(20074 RNCOS Report)
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N,

SHEA, F44 5 vholeriale] A 7%
L A @7} Yekd S glon, o
P71 WA A ALY FrFolE ALY Ao Bekd

=l Qlom 53] FRo 3 A7z AA = Aol A

e e Hola 9

- H=e] A9 A tig dAH AleFA FEYeE 2000d o]
HH 91%2] 712X AL 7|25 2013do)= 3x10'°2 B 71A]
A Ao g Mg

A Bg Z7|GA AT 201537HA] 1x10°EEH S

to

- NYth= vfo]
Ak A&l

- L 20059 7)|FECE HARFEHRE 9.6x10'8E TR nlol o
Aol AyAEoH E
T} FF3 ZU1s AANFO R d=FH

- EU+= CO, Wi&FE 19904 # H
Ya oruz £58 nlojle o

L

Moz wgstel AT 797 BT

e
of
=2 4

dae d9) AT dolMe} MR gRe] A 3
of mel w7kl Aldol FARY & Al AL A U

[ Hlo] e 98 A4S 2% 2L Svjr]e

©)

O

THEAA (HDO) ¥H&-S ©] 83+ hydrogenated biodiesel (HBD) Aj4F
o] AFAAQ J8S 3 AHE H-F3 A Neste Oil-& NEXBTL™o]
@ FEHOE LS AANE

Neste Oil-& 2007 3] HHZ=2] Porvoool] ¢A7F 190,000% 1+X2] HBD
S FAS AAS & AGAARS AASEE o 2000d o= A4k

w3 A- AG AR Atz YdZE Rotterdam

KR
of 22} A%k 800,000 T+ES] HBD A4t 34-S M3t 4 A



O UOP/Eni, Petrobras, SK Innovation= 7} S|APEZ HBD Aj4HS 913k =
ZF& Q1 HDO 34 -S /Mistal=

O Petrobras®] 74 Y5 vegetable oil 712 o2 QUM I
A& 200900 FH AR T “H-Bio”eHs WA <] HBD A4tad < &

23}

O UOPS} Eni= &2tS.2 “Ecofining”ol2h= WA el HBD A4ta3AS &
B3

O SK Innovation®= HDO ##H AlFEu] 2 FAAH E5E ST
ZHAIT) vlo]l o A AA|ee] AF 2 HGS 93

=
FEe| AU Adstgon vole A A% 9

O "= E= BF3AE obd 7995 Dynamic Fuels, Diamond Green
Diesel LLC, KiOR, Joule Unlimited 52 7]1¢oll4 HBD A4h& AAls}

(o]
NI S

O Dynamic FuelsAh= 17} 75,000,000 gallons AY4He &= Q= F34-S 1
= Louisianas Geismar®ll 714d3}3l 201010 11€5E FPB4HS

A2 LouisianaT Norcooll 97} 137,000,000 gallons A342HE = e 34+

24 AE

SEE!

=~

[ ¥4 &&Ee 83 4244 2 F=A Axg EFAA S

O HE3 7o =2 7129 oil refinerys AT 4= A= bio refinery
of thgk A= Aol &2 FATE o] Fo XL 121, bio refinery
o Al AAE = 3}e A= o2 mugE AA S

ab i

O AT, J1E HAANFYOR Az 2] BAE FEs o F
AT £AEA BTG BeAe] FAHT glor 1 o)L BPAR
B AzHE FEdolES] BAE E & U

il
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O 2008 7]& BPA AllA] A4AkEe souiut=Eoln, AAE BPA = 66%
© ZEFIEUO)E A 29|, 30% epoxy resins Aol THEFAZ AHE-H

O =] BPA A4bs=-L2 2011d 715 LGES: 309HE, 53P&B 309H=E
o7 F UEY

O 201210l AFol:=Alo] 15RtES Attt LGsets A4S
AG3sta 9lo] 2014del= F 105¥HES] BPAZE A4kE Y

= BPA AANA 7 & BHES A E wEA
AAsta Qe Bokz 20061 71F, oF 2.9WINEE ] ZE]7lH Yo EV}

b

O Zg7IHUYo|Ex= CD 5 33t &4 32%, A5 WAA 9%, 7]
BRI A7 23%, A=8 MH 13%, fol& AW 3%, 958 &4 3%
55 O AA2 E8FH e

O ZHTHEYC|Ex A AAZCRE w2 +£8E HEiskal Ao 20124
.]

ANE MA ABLHFEZF 519F7E &8k Zo® gotE 3l Q1
O = ZEFIHRY0|E Habsde 2011d 715 oF 45%E FRZ AY
22 s F3el, LGEHel, Arsidol Alzstal glem 20121 ell=
SAR Qs oF 537HE9] polycarbonate”} A4t Ao =2 mpetE
O BPAi—rEi AzE s IR 43, 7143 B4 $45ta 4] &
2 g}stoFEo] e Ao %tMUr °i1111401%‘ %ﬂ}éagi =E
527 }o]

*P%EM skout A iAol F

O u FDA9 2010 REIAo|A BPAE Ho}, oj&o]o] Alz}al HJaF
F A= ANEE EHEA 1 %%“*Ol ST Ao A
Faldel =Y Ay, F8 SolA fols 8719

Abg-ol AH

il

o

ol o

O weld BPAZ HAIE F b ARE BluelE Axg WA
Miro] AFE AAo= wolenaE o83 DPATL SHHA B 7
AR SHolH e dAARE tFE A

O Hpo| U AE o]83F DPA AAF ©7l= BPA A4 @77} wls] A H
7] W&ol BPAoN HI3| AAAHQ ThaFAl



O DPAE polycarbonate, epoxy resins, &< TS UEAE THZL o,
BPAS} A AR&SEAY BPAE &3 diAISte ARSE 4 QA
A AAA Fgadrt e F HeE A

O DPA A2 ob FElskAl A il A= ¥24 BPA thiAlA =
A QA= wop7lal 9l 53] #obg W, =W 5 &4 Al
7F A EZRTECIE &4 A8 AlFol BPA A= 287143

o 22

[] vlo]2 7)%k 3}SHA|F A=

O 20101 7]+ AA SdsHAlEF A TEE < 13~1.7F @8 5=
P77l al g9lom, o]F npo]Q JFEhA|FEo] A= HlSS 20039
oF 5%°llA 200513 oF 7%= AEFHOR FIFSHAL e

O &% gshikde wid 3-6%2 AdAste] 20259 22 28 o]
22 AT Aoz oAET 3teHikgol A ZA| = Hio]l o 3}t
Ao HEE 22%((%F 434S 28 7R AZAE Ao=E Y=

O HfolQ 3F}eHA|ZFo] FAAE 2005 ¢F gHYow 7 7bed =
2 ¢ 69 FEE YE L 9o, o]3 FE= IU Hlole

A FAeE 8 28%, TT=(129 2 50%E AFA| S}
RIS

O FIe ST WENY Az D /&S /T o] 7] Y3
2 B3 Aol Fsd A KT Lot @A) el Q)
o th x

O IUdlA= dA CIAILAH,
A7) 71dol 4k}l miol 2o} #H

2 vlo] 2318t 4k ok AR JheAde BAFa o, HE A
A gl o2 ZFgty Q)= PLA(Polylactic Acid) 52 H-83}

AES FA0Z AT} o] R YL

o A
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[E 2-10] slol27|uF stetR Zo| MAANE oIS T 2o o5
A & 2ot SEMENE | somazm | oo0d | 20e5d
E5HeHH & 100% 0% 1-2% 6-10%
7| sMEEH E 75% 25% 20-25% 45-50%
Utk & 35% 65% 20-25% 45-50%
Z2|H 40% 60% 5-10 10-20%

: Bachman, 2003; Cygnus Business Consulting & Research; Informa Economics et. al.,

Biobased Multi-client Study, March 2006.

19 Proctor & Gamble(P&G) A= SClME S8AlE F =529
A 571 2 ooprol FAIE AR Sl dinlskr] Ssl
Malaysia Joint Venture, Felda Palm IndustiesE &3l ‘d 3.57+= 7139

=2AlE AT ASES A"t U=

N2 FRRZI =L AFA FA] Azl AHEE AT SEEARA
A AAA 2R 20051 1408 =o] YatElon Fel M= 20014

1258 Eo] A4kE wE Ay Hgae AR

A2 AFA FA BT FE A £80t §F
3ol AWt FAYFNE AEHT Qo] Pz

AL glem A A
3 Sls
A Ao o =g

F9 F7b

O 20059 oFE TR AH D FHo| Y eE TR FEAY
87k A 10% ol ALHoE AASH obAoh Aol FFEFo]

Ak Aoz o=, F8 7Idso] AT UM A=

O JdIYEFEE3|=” vo]A 7Y Dow Chemical A2} Solvay Al

—_L
=
PHES AEE HEEEZERSS Wiete 374S 24948 +

oM FIE 20061 9¥FEH A 3WE FRY FTHS UME F
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O g @A npolos}st Aol A 7 B2 A7 o] Fo AL Q)
oF= PLA (Polylactic Acid)$} ZE2AT-&S E sl HE315 A
of= AHANEH oIt LA RE AT S

2-ZRHT) LS Felo| 28 FA, WA, oJoFE, AFE, TR,
JE B RE 5o AT ALGHY A7k 2MWE Fo] AAAG
< 2

O 1,3-Z2308-2 Ht+ A< Sorona (Dupont A 2} Corterra(Shell A}F)
AFe] dEEHE AEE =T JJ:L 1,3-Z23&ol g +87F Z
bz 0 g Z7)sle] 5 A7) 1098 ek AAS AT A

ZZ29YE {8 =220 PPG(Polypropylene Glycol)2] AlAl Al A
AZE <F 4% o]l RS BY Ao =E o=H

2.4, A Sl ok A TF R AW

7t 8RS B4 A4S A8 A= JE

=

O ARE HBFHAF | BAREFHAH

S8 i Fu 5ol vEEs ket ol ERSEe
AR AF (CTL), AA7FEHE4F (GTD), LLAE, Y 29,
Z23AH/ 59 vlAYE (unconventional) Y= thAsH= Zo] EB7}
g Al
O 20357HA B3 T8 S AAA dR AHEol 558 o=
FE AT, AHS] AR HlFo] F oA &HQ 75% ol FE
A& 7j°i =5 QS

O DOE<9] EIA, IEO ¥3(2010)°] w=H vy FAAHF AJibFS
20073 3.37%10° HlE/LolA 2035 18.45*%10° wjE/ L2 E FA3s =
7HE Aoz o

25) 57k ($201/80E) 44 A
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ool wel, §7HS B BFE Af FFEE] tulsky] S8 A 2
oA B AL 9% AT FA} AFH o o)RolA

o] o
RIS

°] % compact 43} 7%l g FAMF A FRE F 1,800%82
A== 7Rl Fola(Sasol), FH(Shell, CompactGTL) % w]= (Velocys),
Z(Shenhua) oA F3AF ALkS A A0S B4 8 F

Foll= 972 CompactGTL AR} H|=2] Velocys AFS TAICE T4
7t HATE B A AL Al BAskE AR HA7E2 (associated
gas)E FAAAFE HE3H7] 13 compact At 7]&o] B A4S WL
N

=]

[Z 2-11] dxd FHM7 S5 odd

(el ok i 2/e))

of T iy -
A b4 2l 2007 2015 | 2020 | 2025 | 2030 | 2035 Ave. annual
== percent change

CTL 20 30 50 80 110 140 7.9

GTL 10 30 30 30 40 40 7.3

A 30 60 80 110 150 180 7.6

Z£X: o|= DOE, EIA, International Energy Outlook 2010; 2035 ®7} & & $133 7| &=

©)

F7F el o8 GTL EE] th3t FAHEo] IA F7ishaA,
GTL 7| AXToAE ZRE Rt A ek A4k ario]

o] FoiA 3 g

AAHoZ BRIE °F 6000 tcfe] 712 T 48 7fxzlo] o ofF
4000 tef TTE=E °F 653 ARE 7ledh 210 &2 dBA glo] A& TR
compact GTL 38¢] 34 /M-S BT F42F7H=He FHrt
AdskA a4

=5, okzg7l, Er 9 oo} Fofl ARG Tk ALk Sl A -
e Z2AEV HE = JYF

53] BepE o] Petrobras7t Pho] AR WRGA|Z~Hloll ©]3F compact GTL
plant®] HAFAIFS P FolH, ool HFZL ZA-F off-shore GTL
st xaE A
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Sojaal el ReD 44 3 413 5@

O thF-E9 HAYR Fhve AT AFAA A= 9o, 2030
MR dAdEE 7FAH Q= 8~12 ct/kWh(2.6~4.0$/kg H2)Y

O F4&o FHHEL FHaokele T4 &7 Agd TS wow
I 7FA™SE 14 ct/kWh(0.3~1.3 $/kg H2)Z IHA U

O IEA%} frd #1d3olA 7leB g3 AdUA o35S EARE Ay
goE AW 3 Ax 4L B Yol P daF o i 2
A 20501 MR FaFaE WA STV ol|Al 89 3~8%
= s ?:52 4°§ vk

(9 23, %)
5 = 2000 2005 2010 2020
HAHAE 7,100 28,000 102,600 188,000
Ban

UEAFE 2,500(35.2) 5,500{19.8) 17,300{16 9) 32,900(18.7)

DME - HAAE 1,7800 67,000 74,000 154,000
Pt 5 5 00025 1) 5 70065
- YEAE 5,000(28 1) 5,700(8.5) 6,700{9.1) 16,600(10.8)

EX 12010 &€= of-dHAATA (YRI) ZFH0f ¢S

[23 2-11] Hof Al S& MY

O 1900d% o]F MAKoR & HrjEalzrl 4531 o, dix
A 2 7k AsRE AA @A €] E AV ESES AR
skl glont Z'EUHPJ =2 YTAEES 87 wet viEA S AP
O] 7]EHQJ— ;\}\

BAoNIA AEA AdE A8 AAdE Z1EAEA | 59
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60 |

O w& BHAS 5% w2 TAEE 7] 98 e 71ec] #8849 =
o] %

Eo G890 A2EN B AAA ouAzRE A " Ao 37
AUAIE AHE & A5 AR BAE U= & 5 e Ae=m A4

A71E ARESHAl AL B, HdE B FE 5o AAA UAE
J(__)._

AAHCZ B4 Am7t obd A duAdE o8’ T2t 7lE
el B2 yebrh Fojsial lom, dsdxe] gt A B2

YES WE-NET projectoll A T4 WA 2500 cm?, 1719, 80 °C, 1
emPollA] SAEE s 28] 9449% FES J)ur

&

DuPont2> HA|Zo] 59FHE FYU3 207HE EHEE 20149 33}
of AlAdsto 24 HleA o of A4k

AT B w2go] S ERG fexdon gt FHRH] s
ol b A71RANE ol AAH YE Fo ARE AXT 5 JE

ez 4



(7]

O = ddiAteabit @ 2 AEAbibE 22 20109, 2011 EV
FAAGE 7L o, dAl A7IAEAF A 203097 <7
o o]& AR FE

(£ 2-13] Z&EASA A FRE T

Atz %
(k) 20154 | 20164 20174 20184 20194 20204
PHEV 16,020 18,950 21,650 25,520 29,540 32,650
Full EV 850 1120 1480 1,770 2,060 2,270
A 16,870 20,070 23,130 27,290 31,600 34,920

EX 12010 MI|ALSAE AAMCH 2lEFEHEHE 7l L 20M

O W 71E FEoledA tul U A Sl uls $55
of, @AY A/AEAS] Aol oo P FAANES HepHoR
MAAZ 5 QA Foll mer A4 Fehe] 7187t 9 Ao Z|d

O FE&E7AR 9 BAAH =9 2 AL A7]E 20209 o]FZ oA
=, A 7Hs AL dRbHQl Full EVAIRTHS 13 o 2020
A7kA Hdl 9559kl (F) 7]1¥ US $183.6 Billion) & ©]& A
o7 oAiE9

20) EV &3 FQ AA &FS 100KWhE 7FA 3+, Kgd 500WhZ 200Kgel sigshes AlE 7148 w3ty

Ao A AeA e A At S ZjsAEarg | 61
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ofu] EA 24} 718 B

O =l A2k A @A AAANE dre<d 5%7F #AEHAL 71

s o, T Al WiE FEE HA US $9.2 Billion (~10=H)el ©]
= Zo 2 odid

5. 7%k FulRol A4EG 2L A

o R Lo

7h ' &, Mg w717k B3E SeiALE

O A Zsl=El= w77k AR QA& w77k AR 7 A4 A

QA F)e ok EHT i, 53] J1E 25 daAE o

A Eu) FAHY Azxdo] aTHd W B F2o 71&dol

EES

- AR W7l AEE Fu) AzEe Yr|ae RE 3ol
A, B4 WEE ol AMANA FA AsEE Al [

gt A REOE QIANEHE A4S
- sk ¥ oolygl HIEZ (non-road) W7 (vl AAZ]A)
gk A7 =
- ﬂlﬁé ZetE e ti7lAl 71 $338k7] fsiAl= DPF, SCR,
C & o2 @A9 FHg] Ax"lo] IErtdsiH Ad &
7}°ﬂ A BE AP Al2ES iR e deig

w717 2 FAZE AEE L A Aol BAAH
717V~ B3R Zu] A28 B8 Aol B3k

o
1 AE

To® §H

& AT s

"= 3)AME2 “New ICE (internal combustion engine) age’2} % 3}H
1AH] WA Aol xS Jlelal e

FA YA A= WAl S50l F L85 olHT AuE Al
e 2 A7Eel et 7 dEAe] Arr XA 7HE
dse F8 Yol HA A

62 ]
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o el Reb 42 3 A% 5 Q)

- iy OA 2o A JAVE AskEe we ohekdt $A48 A
7F 223k ALgEE AFES 7HE0] $1000 - $20000] o231
=], ol ¥WaEA F%°] uF Fask X8 X (DOC, LNT,
TWC) o 7]<1gh  ofe) IHAA Pt AREA7F AdSwie] 7HE
A Zujrt obd fAZFujo) e ARgo] HHE] A tjAZw) <

Aol B A

30, "HinGasoine =Pt Diese Light Diesel 200
Production (RHE]

_— o
E P - 130
: 125 B
15 -
5 100 =
? 1o 4

RRR IR a

02 AN 0 A0S AME 007 A8 2009 Ani0 il
(O3 2-12] 7I&2lAd R Cl=EATOAM 2] WF AL H35|
(Johnson Matthey A= 2012)

[ 2-14] CIEXS X X ZEA] 7ol B =Xz AZ 7|t A

TE 2017 9= 2020 4= 2023 A=
TUAA Z oA ) 174 348 869
T £ & oHAY) 406 812 2,029

% MEZJ 0 P-DPF ZH 744 : 1002502+, DPF @ 651-8612+H (http://www.gg.go.kr/), Al

FERE = NSA AT HRE 5% DPF Z& HFE : 20% EHIHA st
1 e

- OAREAE AR e mE S48 Al Z]gix] UBS dHl2~
EWHE 39 ZA|E : vFolA e bAAr ko] 20061 d 5557
o] FFollA 2012 150%\’41 ol oz AP 18% ol A A,
A ARdAE O 829 AR HfEol 2000 584
242] 51%E 2A|E

BoIA AEA AdE A3 AAdE Z1EAEA | 63


http://www.gg.go.kr/

du] B4 24} 718 B |

[ 2-15] C| " EH &/2d XS4 A ZEH7E

x| /uta2t 2003 2005 2008 2012 2015
=0] 2.3 34 76 13.0 15.3
MaE 442 47.6 51.7 54.5 559
SH 10.4 11.8 14.7 20.3 236
A= 04 1.0 3.0 1.5 16.0

e 0.5 1.0 45 9.0 10.2

gh= 31.0 320 40.0 490 50.0

MIA 16.1 17.7 21.4 264 28.3

= J. D. Power

- 20179 AA AxFgediaE 9,200 T (1A AHEF 31.5% <)

2008 2019

Europe Europe
Gl Other 51%

0,
21% 3% 29% 39 10%

[23 2-13] MA Cl™ XSx AlE d2 (2010)

I 5 mio units

[33] 2-14] CIEXSA F2A|
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of B4 4 S48 UTAL AUE FAYEA ] Baiel ure
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O WA Fu] FA2 AAE RO 1L
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=< w717k A3t

3 dAE T AWVleS FEE T U=
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Feat Sul e olof v

Ay}

O @ ) AFAYAL FY L vIFY 1B ASA L E
oA MA FOE, KU YA FUE AL b FHT w))
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7o A Ba) AEA

O 9 WE FA}E 9A
Al 2~"lof] T3t AFr} m RS Ao

i
2
s
fr
RN
r>~
e
N
X

. COo, & Supidrl<

] CCS AA

k

= &opollA s =

3} =

slo} glouk AANGS HEshe T A L m=HNste] 7)
=i}

=

O U AFAYAEZ A 49] F2oln] 2HAA=Z AA 19] ok,
z I

w717k gehe Zo)

O BCC Researchol] Wh=2™ CO, 8 An] @ A3 /Ng EAH]E £3
3 CcCcs A —‘%ZM%% 20093 12549 EEjolA A HTF HAAE
25.4%% AR 20143 3,8002 GElo) o]F Aog AF

5
=]

O
£ o
r

e o

kl

ZF 2,636 E8 (¢F 3312Y) RS
A

FAANIA A Ads A
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[Z 2-16] ol &= = CCS A& Z2 (BCC research, 2008; X|AlAH £, 2007)

T Aol AlETE 2020'd oM E = AlETE
MAA AR 80=¢ RS ES
SHEA AR 8 oiel 2% Rl

CCS 7|&=28ol W& CO, A7ds =+ (emission credit) 02 178sH=
CDM A4 2 ARdstA 598% wlilE 754 (CER, Certified Emission
Reduction)2] WiE&HAZNANETS, Emission Trading Scheme) SA] &s] 3

Z1H

CCS 7|=o] HE&E+e AlFAA Co, wisd A 7H4 (ETS)EH

CCS HI-&< YFolof & HaAo] FA Fhstal A+

205013 AlAl ¥ CO, HIEHES oF 57 GICOE d=HH, o] = 43
GtCO, = Alyg]l o] 2 AZF 49-9.1 GtCO,E& AT CCS 7]
=597t 43¢

CO, HopH AA2 xZFo] AA A& 62% (204, 2062)S =FA| 5}
o, CO, A3 AJAo] 22% (204, 73%)o.2 X3 H3A|A o] HA)

Al 84%E A3 Y

oo
i)

e
o

L= |
]

I
1

Al
. A=z| 7% Mt (06— 08) 2t (22%, 73B)
+& (8%, 2

> £ (62%, 2068)
145
ctol: BS 83
72
46
o0 @ F
1T flla

‘06 07 08 42 ‘15 20 K /

[23 2-15] CO, AIZEF M2t Fo| 2 2olH AN 72
BCC Report “CCS Technology” (2008) ¥ |IEA Xtz &4
oM Mol £ MES CO, Mol oldl, 771 (>$80/gal)

«H| 2 Me ol & CO, M =0ld, M77t (<840/0al)

331 Hopg A|XF LA \
*E 2 . CO, 20pE A|E 74
= =

X% (8%, 2

—



culpel o) R&D A3 2 AF &

O CO, £ AZ AL 08 39xYolA AA/E7 Alge] Ao
Z 1539 4o R AT Fo = oqAE 18 20]

I
O conversion

O starage ._91 7
100.0 ¢ .~ H transport GG
ap.0 k7 ABcapture .
80.0 =] 641 04.6
W 700 K - :
M g0 38.8 24.2
M snn 0 LE
% a0.0 K AT
< 3000 F 2 -
20.0
10.0
nn
Storage

Transp-or‘latiw
40 -

= Conwversion
y 3

£ co umpy 242
canture,, (15, =)

31.9°

-

=

=,

&

- =
— . =

[37 2-16] CO, o Al& 74
(BCC Report “CCS Technology” (2008)

O CO, AEE AFL 71E9 COE 83 238 ¥ SAF &8
A A cood 2.1%9, °15d 2.5%9, CAGR 23%) S #4154
A, MEE YA SHEAE dAZY] ABo= 09 152HA
153 24%9 (CAGR 7.4%)0.2 CO, AZA|A 2] o] oAt
* AT Eof: Bk E, YhA

SIetA|F EoF : HE

Z171A1F 2ok : 4317, 84, 5x7]7] ¥ul)

izl Z7AAEF EoF : EOR (Enhanced Oil Recovery), EGR
(Enhanced Gas Recovery), PC (PolyCarbonate), =#|¥, =455, CCS

23 318t 2 A|Fo] YAEFS [p3MutEo|H  o|AkslEl A= 107
WnlEo] g2 AMEH

O A 8AaAZRr} @A 8%E 7P F EoFE AL e Tk
ol &-8oke] Siel AFIIEXETT A3 274

BANIA AEA AdE A% AAdE Z1EAEA | 67
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[Z 2-17] CO, &8 H &

Induztgzl apsro:;ivss;ztg;;tl Uiglize World capacity per year | Amount of fixed CO,
Urea 143 Mton 105Mton
Salicylic acid 70kton 25kton
Methanol 20Mton 2Mton
Cyclic carbonates 80kton ca. 40 kton
Poly(propylene carbonate) 70kton ca. 30 kton

Ref

68 1

: Yan Li et al., "Utilization of Carbon Dioxide form Coal-fired Power Plant for the Production of
Value—added Products”

\
G EE
Hi=
of Matera “o“ﬂiu
(COy
2020 .

[23 2-17] CO, M&& AlZ&re] £ (BCC Report “CCS
Technology” (2008)

O 8 AWFEZL CCS 83 et BF Ao

=
g olihg EUE A% ZedEs AR 27 FY

O 3FE AA AW e FE2IZOoEAN A FEE ITACCSATA
(GCCSIyE ¥ (094) 3t vjd of 1] YRS AT, &
0dt FhA e daxy AL 107 2 fdE 2xd

2+ Agsl

O EUE 209 CCS 483}, EdAs CO, HlIEH ZeroE ZXE 154
7HAl 10~12709) o= A=A 1209 2 XY Al¥ow J=&

20, HYL I AF ZRAES FX F



o] A EDOE)= ’174d CCS 83t ExZ Astol] gHEAY
[e3]
|

HAEE A7 (09.6) 3ka, *09d <F 1,500

o iR A9 7€ AY HI7HE 1% HRE HERE &§
YE-S NEDO % RITE X%, °15d &3 Z3E AFATFE 3
o, 2970it7} EA3k xﬂﬁl Hz CCS AF Wzgd €& CCs +

2| 3)AF FHE vE 9= (°08.5)

United Sistes

EL
~Lugtreil=
Zensds
LIk
o By
Honas

Metreriznda : : :
1 2 3 4 5 G T
Us 3bn
mm Allocated mm Unallocated

o
Ot

[O27 2-18] '05~’104 =71¥H CO, &3 Funding
(The Global Status of CCS, 2011)

I FTe LAsks WEFS AA 109 FEY B okl 1 37t
&5 w3 OECD 7k % Axdol wek duisla 44 ofg, 3A4
g A4 ZEelA ccsyl% Ake) Baxel 2zt

2013 =A 715 st i A=A o3 3 202018 7HA
BAU(Business As Usual) tH] 30% & 752 Z¥E 3= HARAH
T SHAA AAAL e Co, T ¥ &8 Tsido] ¢ A
HA 2 thF
=W CO, WMiE71de AeHl g A2 2 Cco, 23 &< 53

3

53 Al
e W) FAA A% H8S 4F A S@ AT 019 32
o] o4

N

BoIA AEA AdE A3 AAdE Z1EAEA | 69
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] A 2AF 718 A

= [}
AR vl=, F= B Sofl Hls] nE3gk Aoy 3
ASAT7F A= Qo Tt = FHolA Ay
71N nE

i
rr
Q
@

A =W SE2A FEE OF 83 Y
20200l oF 2% 6zl ol 2 Ao

SPugts L4712 wlEEo] 94%7)F ol R (83%) Y AR H-E(12%)
ol LAt glom, o] F Hu wWlEHEESl it ore] 2471

HHA AR = [F 2-18]9F B2

~

[ 2-18] T TF 4%} A &0 o8 Etavi &2 (XA ZHF, 2008)

W 2010 | 2012 | 2014 | 2016 | 2018 | 2020
SESUEST
(843+=COy) 208.1 204.3 200.1 209.2 206.7 194.4













] A 2AF 718 A

1. 7=/ &3k
1.1. A-3}st Znf Hof F3k

[E 3-1] Z7|sM &4 Hof # F
AN A Sk
7| 2t ME7|=d
o|=(Albemarle),
H 2 2t=(Akzo Nobel) & &2 *Zo|E stEHE MAO M= 7|&
=2 (Chemtura)
- T™A & MAO M=7|= &H
°._|'%(E‘”O|3Cgloll:|) (9_1& _/FH_}!% gl\_z'l_t_)
o|=(UDC, Z= OLEDMAI & M= 7|=
7|9t 2 (o|do| XA OLEDMAIZ 23 AF™EF 19
=
0| =(Hunstman, Air products) i
' I3t DEXNZ=E 87|&047|&
. .
N ;jﬂﬁgﬁvpﬁﬁgnﬁﬂeﬂ o224l £of 7|6k m-LLDPE, m-EPDM, m-POP,
== ’ ’ - M EpleywE ety
EF%(LGS;’_I'E!', EHF‘.':!A._I‘?;) m-POE —_’Lj|oo %Elaa'”n_ 7H27|E
o | CISemoes, Caech, UG o125 n02 og e musisan Mz Jle
Berkeley)
Jted st =of Jjetg Est MAKE M= 7=
oA Leibniz-Institut(Z Q) He st o JHat & | =

74 ]



[ <42 4FrjF gstE 3 MAO =51 7T

O ¢Z ¢Fv|H(TMA/TEA/TIBA)?} MAO(methylaluminoxane)= ™ & ZAl
ZuAE AR R Z]oedA A% (m-LLDPE, m-EPDM, m-POP,
m-POE 5) A4kel] Al 2|2 AFEEH T 95

O MAO+T TMA(trimethylaluminum)E &3 F 4AFSHHEAIA S22
it AlFo R, A TS AR FdsAY, 71 2
sto] ARE-SH

O mMAOE ZFue] A% BAS 918l TMA®! TIBA(ti isobutylaluminum)$}

22 oe 42 &FrE see sk Axd

O ¢Z2L¢ZFrF FFEIH} MAOM-MAO EFHE= vl=Fo] Albemarle, U

= =2

B9 Akzo Nobel#t =Y Chemtura 3AH}F Major A|ZHA =
ANds At o, 5~1070 34 vkgrloA Y & S/
Belgel A 9% Aushe a0 ATl HuE

O €2 dFrgd MAOY =& Wh3AF A7 B off To8
&l a17ke] ]joll oES @ A%s FES B Alqf =Y =
S s g EN HgEA ZesddA AEe 74 FAEH A
F AT AR $9HE AHAY 7 UF

O Major AZAF SJol5 FFol FFOIME o]gh Lo QT W
AF Aarel MRS A ot Tl s ATae] wg wA
# 43

O Age-uet S Al2glo] =2 AME-H™ TMA, TEAIL, EASC, TIBAL,
DEAC s°| & 27 eddA S z"loA By 2315 2319
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AL Qe A, a9 BP AAAES o] ALHon, Fujol
obz AL Qe ARolH deoladoltiolA FAsA AEFl

O olde& T He, e Eiv T Zof A=d e Fx23
o2 25 LLLFVFE 3 MAOE FEpA] Rato] HE
o

Hl
&

g o o} ddEy VE A
&

MAO % H#olEE A

[ dg=z4 ZEddd 2 oddl/da-S4

e
ol
o
n;?_,l'
=
i
i
o

O 7|& Ziegler/Natta Zvj 7]wke] Zelod#ll )% HDPE(high- ensity
polyethylene)/LLDPE(linear low-density polyethylene)/VA(ethylene-vinyl acetate
copolymer)/EPDM(ethylene-propylene-iene terpolymer)= thA|SEAY 215f
171548E 7= HERA ZEEdA AF JEe] HT 5o &

O tixzQl, vWE=zA Eeodd 3 FTFA=Z= wE=A S 7hk
m-LLDPE, m-EPDM, m-POP(polyolefin plastomer), m-POE(polyolefin elastomer)

2 92 & F IS

O =24 "Ho]*7]HU ExxonMobil(7]), Dow(¥]), Prime Polymer(¥), Mitsui
Chemical(¥) T2 AL WE=ZA Fv] 7]&S &8st 1990dd]

ZURE Y 2 B ARG S

O mPOPY| 92+ H|= ExxonMobil Ak EXACT ™3} Dow Ake] AFFINITY™

Ao A QA AHe AT S ZjepEarg | 77
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Aol vEA

ZAYE elastomer?] m-POEEE DowAle] ENGAGE™ZE I 5 EMitsui
AFe] TAFMER™ o] 2 &34 A&

Dow A= X3 m-EPDM 152 NORDEL™ A)|Z& =FALe] INSITE
) JeE HEE AAsetE s

MSRAA SelgdRe] AL ARAA MY FAF GBS G
e Aol f7lgsl § WA Solole) A7) del J1gE
o AT BAF Eu) A1E% FEFY 1€ AF Lol Bea)
T e

] it SHAdo] =2 CGC(constrained geometry catalyst)
B‘E‘—‘E OP/\]- HEzA Ade 7l E8EH Jlon T 34 1L
2, 89 AENSES AYFo=ZHN 2 T AT Z2A 29
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g3to] Bzol wel gof 9
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m-LLDPE+ A=
£dd 34 193 7)1 FA4S
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Al Zejolld&lA AF
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LGetete] A5 AAF SHlE 283 06 = m-POE Aol 4
RS SK°1J—Hﬂ ol A EF Cl0dEe] WEEA Zu) 7
m-LLDPE 7o) AE, A A% 34 AXe F539S. gt
2 20009t 29 =] HEE m-LLDPE®] =2} /e A3, @7}

A A%A YS9

Uﬂ%iéﬂ Zgogd 9 m-POP/POE Y4+ ‘§-< T8 A &ZF Q1 A
B U S Ve AFTL A =
A Z0] 2 Z3L 7S @83 Yot oyt 27 F2E 1)
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A A1 2 e s

O T3 At &v] FXERE 7]E Zgoddl 2 m-POP/POE A=}
= AEAS VHIRE Al 71A AlE RS B 2RI AE
F=o] Qs

O AU 27 2 SejAE Hol

O HzF#o] A=
-g2=Ed o7t 200089 3 AAY thFs AR AUA MEE
FEo] ARIPHA] AFS MEste WEFeE ANEHT s dA
LCDS} PDP 7|¥te.2 & 3D TVSF IP TV 7]&/Eds} oA
A=Al F7183 o] & ¢-5(0LED) A£AHE o83 Suld t2Zg o]
o} ZYAME H2EHol2 FiE UAE. ol Wt 4&F HaF
dlojol A AEFsl, €93 I8a tiE txFe ol €383
NIR EEFFM = AR 2=E} 1A Al oAl =S BEFo]
AAA S FF2A 7e/de] 8= &
- 2akd tEgololA 83 OLEDZF dxt =Z7]E Ethste] Tablet
PCe} TVEOE ZWEEXIL glom o]d mME AEL FFLA
Z1E o] WalEa s
- YEL A digk Y4HVE 9 VIS UFF
zZ7|H7|zo] w9 WEEo] . dE &, L
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[# 3-3] MEtx 3tgt=E U 7|y s

U TN SRS RN YRR
7| &y ESIE= AlZAE ool
) (Exh) | (e2h
Texaco . = 1980 -
Ube Syngass 3::1;. MEGE 2012 Neime
Sinopec = = o o011 dolzsine

B = ethylene oxide & MEG
SLiM 2515t - MAS
SEM 75tE A - %] s

. Shell-YPC 2009 -
A= BASF-UOP 1984 Aol 3}
Nippon Zeon 1989 Ad st
. . =
Dow(;Unlon;C;arblde) XEls stat2 2o 1981 A iF
23 M 73EHF) i 1979 st
SEEA M= X _
Samsung Total 2007 Aed st
04 NCC(=F) 1992 A5}
s 73t 2011 -
Mitsubishi Chemical 2009 -
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O NEE a#olE9 PE /MTE alA= MES =l /do] =835}
28 9] F8 PEARV|YNAE NEL PEAZRE Eujo] 7]t

AFHL A

O Dow, Univation 52 A% JAl= ME2-E& Zu] 7ol AMES A1 Q)
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=2l Ineos Ao +HHI U
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A RhAl ¥ S0 E AREste] 1 7beA
AL o] FoAA A egkoyt B AT &

I'U]I‘ fUlO
2
>
F%'ﬂ
2
=
el
2
)
)

et 2SS BHF3F oA 2015974 Coal to MEG 1074
o ZZAE (AYAHTE 180THE )7} EH3] 1y .

U= 71¥ MEG AZ 7]1€% ethylene oxide &-8-F4 o] T4
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24| tfrhFskF) FZZF(DMF) Nippon Zeon 100,000
LGEteHF) FZZ7(DMF) Nippon Zeon 70,000
SKoi| L4 X[ (F) FEZFINMP, ACN) BASF, Shell 100,000
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=
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e 24 bey

2t A&AES 4R E AHSshe et 948 Axrle N TF
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[ 3-7] 48222 AEE AMEBstE M7ast 22 HMEJ)2 MY S

U ATHY HAEE

7|2y MN&E7|=Y
Neste Oil, Petrobras, SK & EMMA HEE (Hydrodeoxygenation, HDO)&
Innovation, UOP/Eni & 0| st EtslEaA HF M
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Group (University of HiOo|2oA 7|8k Hlo|2 HAE MM = o7
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24 H2EE B9 AT Lokl B3 ool A% E3E Fus

BIARIE S
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T 712AT dAr HEY S

9rFA F 2AFHOE A S0} mBHsY FHES U3 YRS
FHOR YA WeAzEe) =9, kel =18 BY ZANA
Ao BF AT AEHT U

71E AR olA Agste SHEFEA (hydrodesulfurization, HDS)
o] An] 9 ZujE 7Hte g FES AFE A HA =] A3
AFE(Neste Oil, Petrobras, SK Innovation, UOP/Eni “5)°] HDO(F3 &4t

4~ HE, Hydrodeoxygenation) Zull 2 FA-& 7dsta A+

HDO= e+t H¥H8- (Hydrodeoxygenation)= B34 A& (triglyceride)
H AAE AATT & B3lraE FAE %529 Hydrogenated
BioDiesel (HBD)S AJ4tel= 71

Az o] AG3) ARG Neste OilS HDOZAL ©]834 NExBTL™&e}
= A% E HBDE 2007dFE A4 A4k

BAoNIA AEA AdE A3 AAdE Z1EAEAr | 89



] A 2AF 718 A

90 |

O UOP2} Enit T2t = HDOFAS 7IHEO 2 Ecofining processE 7I'&skal

Green Diesel™Mz}= A9 HBDS A4S = Q= 7S gH
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O EF 5d, e2EFol, 2¥Ql, 2HIoL 8 #4 =7lelA=
st Ay 2d7] My, w4 AE oA TS &7
ZE2HE MCFC 1534 7e< o8&’ #4hdd 7les 7dst
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Deactivation of Reforming Catalysts

1. Sintering Sintering is the process of
agglomeration of the crystallites of the active phase,
which leads to loss of active surface and, consequently,
a decrease in activity.

2. Oxidation : Oxidation of the metal particles
may occur at a high steam-to-carbon ratio and a low
catalyst activity. Especially nickel catalysts are prone to
oxidation.

3. Sulfur poisoning Many of the catalyst
poisons act by blocking active surface sites. Sulfur is
the most severe poison for steam reforming catalysts.

4, Carbon Formation : At the operating
temperatures some of the reactant CH,-species may
completely decompose and deposit a thick layer of
inactive carbon on the catalyst surface (coke).

poon

ZT/RFENNMEET L

ANRRSRARLENET L

= Sintering 2HX|C{# > (20073 NEDO report)
-Ni j=E 2stasies ga 27| $X
- LEe A SR A2 Ni L @RS sintering 2HX]

(33 3-1] 22 ZFof 28 & Xte| H|&Mste| F2 {2l (5 NEDO EIM W)
O H oy A7 A=A YdxEo]l 44 st AXAd &
2o QlE yolk-shell TZAS AYE ZujEo0) Ho] A1
o, olgd FHujle 1 FHuj ‘%‘lo"ﬂ/ﬂ -9~ QFgstn A<

24 =g a4l IR e e S 7HAL 5 (Park et al

Nano. Res. 2011, 4, 33.)

Yolk-shell 12K Z=0Of

! <High Performance Catalyst>

metal@metal oxide
yolk-shell nanoreactors

1. No agglomeration

2. Diffusion control

3. Reaction study

4. High metal loading with
uniform particle dispersion

" Methane
Ni% + Steam
\ Hydrogen

porous
silica coating

[j_E.I 3- 2] xl:l. 7HH|'E|

O ol R7|sdTFHollA= 71
Hale g ;szﬂe o] g3k ¢
Bty &

U= yolk-shell T+=
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[28] 3-5] HIO|27}A o]l 2 7|& (Swedish Gas Center, 2007)

O CBM#} LBM2 ©@9] Bajd oluR] &7Fo] 242t 7119 20% (24,000
Btu/gallon) 3} 70% (84,000 Btu/gallon)©-2 Yto} Hlo] QHEl7}AE o]-8-3F
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O offf = FHoAS =& tA 2ol gt w7 A

[ 3-11] *E2 && CI® xjzkof chst 8i 7] wH (g/km)

Tier HE AMHE CcO NOx HC+NOx
Euro 1 1992 74 2.72 - 0.97
Euro 2 1996 1 1.0 - 0.7
Euro 3 2000 14 0.64 0.50 0.56
Euro 4 2005 1& 0.50 0.25 0.30
Euro 5 2009 9¥ 0.500 0.180 0.230
Euro 6 2014 9¥ 0.500 0.080 0.170
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http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Nitrogen_oxides
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lofof g welA Hj77kxe] L7} 71l A Y EAo] 9]

O GM 73L& NO, 4= (LNT)S] W5 AdE-S perovskite &34}
E AECE HAIF F9dE 7% NO, AA 58S Ei3doa

O =3 bA st e] Mg AEes AY = Jvkar Bargk (Science,

327, 1624 (2010).)
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No sulfur exposure

After 1g/L sulfur

After desulfation

NOx Conversion (%)

250 300 350 400 450
Temperature (°C)

[38] 3-7] PerovskiteZ {22 CH&| st LNT H0H2] NOx
HAH &M

O Nanostellar 3JAFS] G712 Mn-mullite (Sm, Gd)Mn,05 &-3H4ts}E0]
Bl H T 943k NO 4AFshih-8- 58-S 7IXYar B a1gk (Science, 337,
832 (2012)) WFSAAE A Etr] A&l Ao ®E Whg WAUSS
apogh

O "= University of Penn. Gorte @ ATXL Yo Az 7|HES
o]83lo PdS F(core)oll, CeO, S AA (shell)oll X33t ZHulE A=
St ol IRAY 7]EY WHOE AzHE PdCeO, FHrjHTh B
2 2504 WS AAY F e B5s BAE (Science, 337 (2012)
713)
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TMA : Al 36.4~37.4 mole %
Cl 0~0.1 mole %

TEA : Al min. 229 mole % o] = (Albemarle),

) - HEZM  ZEz|o g
TEA min. 994 mole % | o Ly e x| HIERIE(AeNobel
TMA/TEATIBA & | TIBA : Al 13.0~13.4 mole % ;U}r = © 2 =2 (Chemtura)
MAO/m-MAQ TIBA 96.5~100 mole % | _ r;ajor MZEAL 9|Zol o] = (Albemarle),
m-MAO (M-MAO-3A 71%) | 5, 4| & 2k = (AkzNobel)
Al 6~8 Wit% < =° 2 =2 (Chemtura)

Methane min. 62 mole %
Isobotane max. 38 mole %
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2 28
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MAO thH| SS0[4 45
MAO tidl =Zof | =27t 508/kg olst (MAO
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2 52 (Chemtura)
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17|sd g Zoj
9 M = catalyst, promoter, polymerization, aluminum, hydration,
- OE;H H? = non-iron catalyst, metallocene, LLDPE, POE, POP, EPDM
catalyst, promoter, polymerization, lubricant, synthetic base
Met2seE(C1~6 | oil, alpha-olefin, homogeneous, dimerization, trimerization,
Mo Bts Tl tetramerization, metallocene, transition metal, coordinate
_ﬁ; complex
=re oxls )
Mratet Mg catalyst, Light Naphtha, MEG(mono ethylene glycol),
e RN el v = byproduct/synthesis gas, butadiene, intermediate oil,
=L Cracking, fuel oil, synthetic base oil, alternative feedstock
HIAEE =S HER catalyst, enzyme, biomass, glycerin, Levulinic acid,
At &5t MFatet alternative feedstock, hydrogen-free, deoxygenation,
22 M= dehydration, acrylic acid, acrolein
HYIIAE EET Associated Gas, Biogas, Modular, Yolk-Shell, Core-Shell,
ASA A= M= Coating, Metallic, Steam Methane Reforming,
7l& Fischer-Tropsch, Synthetic Qil
A FZ0HE Mgst , .
of L x| AAICH ol 2 AIAF Photo Catalyst, Hydrogen Generathn, Water Splitting, Solar
P Hydrogen Production, Photocatalytic Hydrogen Production
= =
AAlh 25 S7|HX| o - .
. Metal air, Lithium air, Zinc air Battery
I8 =of JHg
1g=E, Mo Integrated Four-way catalyst, Exhaust gas post-treatment,
HiZ|7tA Mot non-platinum/ultralow platinum catalyst, SCR technology
. Z0jA|AEI 7t using exhaust gas, Low temperature oxidation catalyst
Novel materials for ion exchange and separation, Portable
COEE Zoff it purification catalyst system, Post-combustion methane
abatement catalysts
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[ 8-9] MFAIEYH S HAH Dt
(ehgl: A
A | MBA | FE | 2007 | 2008 | 2009 |2010 | 2011 | 2012 | A
ooy EPA T8 19 13 120 15 19 89
ox LEPB 2 |8 19 12 14 16 |91
zop o | JPA 10 12 11 20 12 15 180
soisier USA |8 13 13 27 21 30 112
Xﬁj Sjor | USG | 51 0 |24 |28 B |6 187
=7 4 (104 72 (80 (12 [95  [1068 | 559
EPA | 26 15 2 120 16 19 108
Metasigt | EPB |24 |20 |20 18 16 17 115
2(C1~6) | JPA | 12 18 15 125 |30 17 117
Mebbs | USA | 12 15 14 12 |28 | %0 121
Mg (USG |59 |40 |30 |3 | 5i 28 | 243
N7 27 133 108 | 91 120 | 141|111 | 704
stgt | oze LEPA |11 8 27 12 13 19 80
—|‘IT9-}'2|I-
Mo |EPB 2 24 |28 15 |24 19 127
mmon | JPA |1 1 - 3 1 1 7
SETTT
Dog [USA 21 25 13 |50 |5 139 |15
s gy [USG 157 136 |4 |47 4 32
T AA 112 |94 122 127 135 | 102 | 6%
wjagxrg EPA 6 7 11 11 2 5 42
o ojme EPB 14 |9 9 11 12 |8 63
jp;;:: JPA | - - 1 3 3 - 7
Moz |USA | 18 17 16 2 23 30 127
ﬂ'IT—Q—}'O—!-
oz mzx |USG 2 12 17 |24 | 19 121
" AA 60 |45 54 |72 (67 |62 380
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gt A Ew] 7] e

1223



ou] BgA 24} 713 maA |

Atied | MEAFR! | 22 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | &

EPA |3 7 2 2 4 3 21

siAytaz | EPB |3 4 4 4 5 4 24

22 gpA | - - 1 - 1|3
=4

oiz Mz |USA [10 |7 18 18 14 14 |8

7= USG | 14 12 14 13 12 9 74

27 | 31 30 (38 |38 |35 |31 |203

EPA |14 |22 |5 13 12 |2 |es

thEH"‘“ EPB | 4 - 1 3 4 11 |23
e

xast |JPA |29 (35 [53  [43 |59 |46 | 265
ol 4% Al

AME | usa |22 31 2 37 44 31 188
AR AYAL

s |USG |12 |9 11 32 o7 |3 |17

27 | 81 o7 |9 128 |146 | 146 | 691

EPA |7 10 |6 4 9 28 |64

XFA|CH EPB |8 9 4 3 7 3 34

=25 JPA |2 4 7 20 31 0 |
S7|MX|

152 | USA |35 19 17 |2z |57 |69 |24

=0 e | ysg | 23 21 21 o5 o1 20 |13

274 |75 |63 55 |79 125 | 150 | 547

EPA | 1 3 - 3 3 2 12

128, |epB |3 2 1 1 - 1 8
|2

w77t~ | JPA |1 9 2 3 4 7 26

B8 | ysa |1 5 4 6 3 8 o7
FojAl2g

et USG | 1 4 7 5 1 1|2

29 |7 23 14 18 11 29 | 102

2t

EPA | - 1 - 2 - - 3

EPB | - - 1 2 - 1 4

co.a2 JPA | - - - 3 - - 3

=00 0 | ysa |2 1 6 5 3 4 o1

UsG | - 2 4 2 1 2 11

2 |2 4 11 14 |4 7 42

%) EPA : European Patent Office published applications, EPB : European Patent Office patents
USA : USPTO Published Applications, USG : USPTO Patents
JPA : Japanese published applications
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- AIFARY 9] BCRE 4928 F4

[# 9-14] 7|4

N DER S0 Y YU HE LA B £
(Er21: of2)
21 '22 '23 '24 '25 '26 27 '28 '29 A
o] 226 243 261 280 301 323 347 373 401 2754
PV('13) 147 150 153 155 158 161 164 167 170 1,426
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A
9t
e
1o
c
w2
=
@)
(@]

o

&
Fiz
e
o
4
)
O
[\)
O
ri

USPC o Z1E4(d) H|E
005 9 0.3%
008 1 10 0.0%
029 4 10 0.1%
036 3 17 0.1%
044 " 13 0.4%
048 3 11 0.1%
052 6 14 0.2%
053 5 13 0.2%
060 1 0.0%
065 2 11 0.1%
095 4 11 0.1%
106 2 10 0.1%
136 1 10 0.0%
137 2 16 0.1%
138 1 15 0.0%
152 3 16 0.1%
156 24 0.9%
166 7 0.3%
174 7 9 0.3%
175 1 0.0%
203 1 13 0.0%
205 5 10 0.2%
206 5 14 0.2%
208 2 14 3.3%
210 6 13 0.2%
215 5 15 0.2%
220 2 0.1%
222 1 15 0.0%
239 1 15 0.0%
252 5 0.2%
257 1 6 0.0%
264 37 1.3%
280 1 13 0.0%
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USPC gl= Z1E4(d) H|E
285 2 18 0.1%
310 1 11 0.0%
313 1 10 0.0%
361 1 0.0%
385 2 0.1%
399 2 0.1%
422 33 10 1.2%
423 21 12 0.8%
424 23 0.8%
425 1 15 0.0%
426 2 14 0.1%
427 10 0.4%
428 167 9 6.0%
429 1 10 0.0%
430 13 8 0.5%
431 1 8 0.0%
435 " 8 0.4%
436 15 8 0.5%
438 1 6 0.0%
442 12 10 0.4%
473 4 12 0.1%
474 3 14 0.1%
502 240 10 8.6%
507 4 0.1%
508 15 12 0.5%
510 8 8 0.3%
512 3 9 0.1%
514 18 0.6%
516 4 11 0.1%
518 30 11 1.1%
520 1 12 0.0%
521 37 10 1.3%
522 43 9 1.5%
523 12 9 0.4%
524 216 10 7.8%
525 365 9 13.1%
526 597 9 21.5%
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276 |

©)

el A= =
[Z 9-16] SEF LT av|s HY L4E 29
(1) AZ= 214 14091, 294 2062 2
2 NEHRE 21 - 29 154%
(3) ®7t7txl 8 9.5% (MFatet, 4REH)
(4) R&D 7|0 = 28.10% (L2
(5) At@ist MZE | 3456% (1HIAM, MFetst 2N E)
(6) At AFEd | 25.15% (L2XE)
(3)x(4)x(5)x(6)

1) APSFE : 2007 Survey of Energy Resources"(World Energy Council,
2007)E <A =Z Slurry Phase Hydrocrackings 53+ AgGSdA &
_ﬂ_\',_‘_;?:]_/\]zl—_ﬁ.ui /\]_%

- A7 Heavy Oil &8Lf A4t S7HE « edW=e] SAAF A

A TR 4
- LAME Bitumen ABAHEF ¢ 126 THE/Y (2005)
cYAE FAAF AL - 842 THE/Y (2005) — 250 R/
(20153) AE
- ZAAl Heavy Oil A4HEF : 600 T E/Y (2005)
- ZAIAl Heavy Oil FALH A4HF : 400 ThlE/Y (2005%) — 1,190
Tkl =/ (201599)
- FAAYRF LS 9% Upgrading 34 T4} H] &
- Hydrocracking A} B]-& (CAPEX) = 20 H$/(v]E/Y)
- ZAIA Heavy Oil §8HF A4bF FollA Hydrocracking= ©] 83t
A A
- 2005 : 400 THAIE/Y x 28% = 112 v E/Y
2015 : 1,1909H =/ x 28% = 333 whlE/Y
- Slurry Phase Hydrocracking 33 (Hydrocracking®] 20 % A 7F4) <
A A R A=
£2005'd ;112 S/ x 20 AYEIP/Y) x 02 =~ 44.8 g
-2012 ;112 YRR/ x (1 + 0.104)7 x 20 A$/(HE/Y) x 02 =
89.5 %
22015 ;333 ShE/Y x 20 AYENR/Y) x 02 = 1332 2



[ 9-17] 2T LEst MAANE 72
(EHel: MY E)
CAGR
2005| -+ |2012| --- 2021|2022 | 2023 |2024 | 2025 | 2026 | 2027 | 2028 | 2029 (05-"12)
448 8.95 20.84123.01|25.40|28.04|30.95(34.17|37.72| 41.63|45.96| 10.4%
2 ANZATE - 71999438 B AERE 4 A c12d )
T 10.0%°] HfgolA &3t Al 21 d o]Foll+= 15.4%9]
AFEES AT AR A%
[E 9-18] 327 1E57|= /HUAEe & & TRE
(Ct9l: Al
2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029
A AERE 2084 | 2301 | 2540 | 28.04 | 3095 | 3417 | 37.72 | 4163 | 45.96
B. A&EMFE 15.4% | 15.4% | 154% | 154% | 154% | 154% | 15.4% | 154% | 154%
C. & oarz 32 3.6 3.9 43 48 5.3 58 6.4 71
B) TIPS ¢ AAEA(5.6%), A-r3e(13.4%) A3 371 A S(08-"10)
BV & HdA HE
[E 9-19] M 73ter BIIIIXIE
2008 2009 2010 Y JERE
MR 3Etet 11.73 13.69 14.73 13.4%
MREA 528 5.45 5.96 5.6%
5 AEsE BZE - IIARA, “ARsE BE BT A AF
£l 34.56% Z&
6) Y FHEF : 2515% LdEHE
O 21~29de] AA 9dzt TAst= F WYL 7159 el "13d 7]&
PV(EA7IA)E= 3739402 F4kg
- AFAFG ] BCRE 25302 4

BAouA QA AHe AT RS 7Ty |

~J

~



] A 2AF 718 A

[E 9-20] S2 % I3V JHHAIe Hol £X

(Ehel: ofgl

21 22 23 24 25 '26 27 '28 29 A

z=let 65 68 72 75 79 83 87 91 % 715

PV('13) 42 42 42 42 4 41 141 4 141 373

[ Aga shgh=(Clo6) A 71E/NEAY
O HY7|Zk 9 d o7 Ak
- BEE E3|E9 USPC code X Hzk 9.334

[ 9-21] MELL 5182 MEv|e E S5 &9 7|e5Y Ex
USPC gz Z|&xH(4) HI S
106 1 10 0.0%
260 1 0.0%
264 6 0.3%
422 2 10 0.1%
428 8 9 0.3%
436 1 8 0.0%
473 1 12 0.0%
502 852 10 37.2%
523 9 0.0%
524 4 10 0.2%
525 41 9 1.8%
526 1178 9 51.4%
528 3 9 0.1%
534 2 8 0.1%
546 3 7 0.1%
548 12 7 0.5%
549 1 8 0.5%
554 1 9 0.0%
556 136 8 5.9%
560 1 9 0.0%
562 9 0.0%
564 4 9 0.2%
568 15 10 0.7%
585 8 12 0.3%

278 ]



O W] 4E FE
[E 9-22] MEIASIEIE MEV|SIHUAIY He M4FE 29
(1) A ZT= -
@ AMHHFE -
() ®7t7txlE 134%
(4) R&D 7|04 28.10% (Y™ )
(5) AIH3t MBE | 3456% (ZIHAKN, Mests 22N g)
(6) At Mga3 | 2515% (¥2XE)
(3)x(4)x(5)x(6) 0.33%

O AT

) ANFERFE

3) F7PHAE

@) Agst BAEE -
Q1 34.56% Z &

2

©6) MG ALET : 25.15% U

O ’18~25'd &<t H] 3% 4,070,

- ABEAYG S BCRE 10.142 A

ol alx]
A

“7]7ﬂ./_1_\.x]:|” cc)]\:-,]_'Qr

(o)
—_—
o

o
S}
=

Azt BaE F)espe) o2l A% =)
Seuet S b

Aoz

104 Setete] AR BaE ARE
o2 ARI} Wsto] A AT} 2§

PV 1% 838499 ¢ &

[ 9-23] AMTAL MFAIHS] He FF
18 19 20 21 22 23 24 25 A
Eo| 1578 2089 2701 3381| 4225 5285| 6615 825 34,070
PV 1085| 1342 1668 1980 234| 2780| 3208| 3887 18,384
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2] USPC code

=
=

. #9539

1]

-
10

wr

il

Iz
ar

[

H
IR

T
a

<+
!

Ko o2 | o2 % | o2 | a2 | o% | o 3% | 82| 32| 2| % %] % a2 | o2 | 2| ¥ | | 2| 2| ¥ 2| 32| 83| 3% 3% %] %] % &2
— < = | Q| D QDTN =D RRA VXD Q00| | | | o] =R
n|lo|o|l~|oc|lo|log|lo|lg|~|g|o|lo|l~|o|lo|lo|lo|lg|o|lo|g|lo|lo|lo|ld|o|lo|loc|lo|lal—
|
=
7o
HEI2I2 =2 -2e © | v B o I3 |2~ © © o~ L~ 2
<
N
_.IT__22mm191515632W2448H5512M8M11112%
o
C89 || w0 N ol slo|lonlolo| o Al | = Q| o
POZWW%%990M33566700112255&%56692
%OO OO |~ |~ |~~~ |~~~ NNV X IR IR IR IR
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USPC s Z1E5Y(d) H[E
423 10 12 0.7%
424 51 34%
425 1 15 0.1%
426 6 14 0.4%
427 28 1.9%
428 158 9 10.6%
429 4 10 0.3%
430 23 8 1.5%
431 1 0.1%
433 3 13 0.2%
435 17 1.1%
436 2 0.1%
438 4 0.3%
442 7 10 0.5%
473 7 12 0.5%
502 64 10 4.3%
507 10 0.7%
508 8 12 0.5%
510 18 8 1.2%
512 2 9 0.1%
514 20 1.3%
516 5 11 0.3%
518 9 11 0.6%
520 1 12 0.1%
521 24 10 1.6%
522 44 9 3.0%
523 9 9 0.6%
524 179 10 12.0%
525 199 9 13.4%
526 150 9 10.1%
528 37 9 2.5%
530 4 8 0.3%
536 4 7 0.3%
540 1 7 0.1%
o544 3 7 0.2%
546 1 7 0.1%
548 5 7 0.3%
549 1 8 0.7%
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USPC Al Zlzd(4) H[E
554 8 9 0.5%
556 12 8 0.8%
558 8 8 0.5%
560 9 0.4%
562 15 9 1.0%
564 5 9 0.3%
568 13 10 0.9%
570 2 10 0.1%
585 59 12 4.0%
604 1 10 0.1%
623 2 9 0.1%
gr7 1 0.7%

[E 9-25] H|A &%= 7[et Y7t F HY M4F 22
(1) A7 219 171218, 284 208212
@ MNEEHRE 219 FE 232% 7|
@) #It7txl 2 134%
(4) R&D 7| = 28.10% (X E)
(6) AtHEt HBE | 3456% (PIALM, MREE dEHE)
6) At A FEI | 2515% (A2XE)
(3)x(4)x(5)x(6) 0.33%

O ARTE . QEAAAR/O|22HEA] F3A T A (Environmental  leader
ALy mEw AR TEA AL C10d 72998 R,
CAGR(10-13)2 82%= &A1 21ddd+= 17198 FE29

N FA4T A%

[# 9-26] HIO|2Z2IAE HAAE 72

(Ehl: Alof )

CAGR

2010| - |2013| - |2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 10"
4.48 9.1 1711186 | 201 | 21.7 | 235 | 254 | 27.5 | 298 8.2%
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Q) ANRAFE ;7

= 15.0%2] HFEA A8 AFEQA 21d o]Foll= 23.2%9]
AFES AT Aoz o

ut

—

MRetetlE MHZ=7[27 AL & o a2

(EFS1: 4oiE)

[Z 9-27] HIM &%=

2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
A AETR 17.1 18.6 20.1 217 235 254 27.5 298
B. NZHER7E 232% | 232% | 232% | 232% | 23.2% | 23.2% | 23.2% | 23.2%
C. & ol 40 43 47 50 54 59 6.4 6.9
@) BAHRE - 4988 B8 SRS 134% A8

AZA, B BB BT A% HFE

@ MNE3 BFE
ol 34.56% Z-&
5) A HAFET : 25.15% &

21~28 0] A 87 LA = ool °13\d 7]

= PV(EAZFEAD = 963 Yoz =4+
- Al BAEG ] BCRE 4228 34
[£ 9-28] B|A 82t 7|8t MRsiestelr HE7|&7|LAldel Bl &5
(Thel: o)
91 | 129 23 | 24 o5 | op | o7 | 28 | B
el 169 183 198 214 231 250 271 293 1,809
PV('13) 110 113 116 119 122 125 128 131 963

BAANUA A AAE A% 2AE 71N EAR
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284 ]

[ 3H7I~E &83 A2 95 A=
O #HY7|7k 9 do =z AH
- BEE EFEY USPC code E3E HAgE 9.16\3
[E 9-29] HdIIAE E83H ASA dEA =7 |= oH S5 52 7|=TH 22X
USPC bl 71259 H| &
002 6 1.2%
029 3 10 0.6%
037 1 0.2%
044 22 13 4.4%
048 4 1 0.8%
060 42 8.5%
062 7 12 1.4%
073 1 10 0.2%
089 3 0.6%
095 1 1 0.2%
102 1 0.2%
104 4 0.8%
106 1 10 0.2%
110 1 13 0.2%
114 2 17 0.4%
123 32 12 6.4%
126 1 16 0.2%
134 4 0.8%
137 7 16 1.4%
141 5 13 1.0%
165 7 12 1.4%
166 1 2.2%
180 42 10 8.5%
206 1 14 0.2%
208 19 14 3.8%
210 3 13 0.6%
212 1 0.2%
219 3 12 0.6%
220 1 0.2%
224 1 13 0.2%
237 3 1 0.6%
239 2 15 0.4%
244 35 16 7.0%
264 1 0.2%
280 1 13 0.2%
290 8 10 1.6%
296 10 1 2.0%
307 4 8 0.8%




USPC T Zl2rd(4) B S
310 1 " 0.2%
315 1 9 0.2%
318 1 9 0.2%
320 9 8 1.8%
340 8 1.6%
342 1 8 0.2%
361 6 8 1.2%
362 5 " 1.0%
366 6 16 1.2%
372 5 7 1.0%
384 2 13 0.4%
404 1 16 0.2%
414 1 14 0.2%
422 1 10 0.2%
423 5 12 1.0%
427 2 0.4%
428 13 9 2.6%
429 21 10 4.2%
431 1 8 0.2%
432 3 12 0.6%
434 2 13 0.4%
435 5 8 1.0%
455 1 6 0.2%
477 2 7 0.4%
501 1 9 0.2%
502 8 10 1.6%
507 1 0.2%
508 19 12 3.8%
510 1 8 0.2%
518 1 " 0.2%
524 7 10 1.4%
560 2 9 0.4%
585 10 12 2.0%
600 1 8 0.2%
604 1 10 0.2%
700 1 7 0.2%
701 21 7 4.2%
702 1 7 0.2%
703 1 6 0.2%
705 4 7 0.8%
709 1 5 0.2%
901 1 8 0.2%
903 7 1.4%
9r7 4 7 0.8%
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[£ 9-30] &HHIIAE &Bo ASA AERM =75 HY U4E 20
(1) AlZ7= 10 20218, 29 1682
) NEBEH7E 21 0|% 282% ®A 5
(8) FIt7txl & 18.7% (M 7atel/d datel/AtSAt #2 4o
(4) R&D 7|04 = 28.10% (LX)
(5) At@ist MBE | 3456% (OHILM, MFetsh 2N E)
(6) At HREZ | 25.15% (LX)
(3)x(4)x(5)x(6) 0.46%

(1) AR : “DOE International Energy outlook 2009”(DOE)ZH-E Al
Al Compact GTL AFATEE 4H Al 3 A2 2010 209 &

FEE F419

EHIIAE 8% XNSA AR ZE HAANE 72

2010|2011 (2012 2(OE1)3 -+ 12021]2022 2023 |2024 | 2025 | 2026|2027 | 2028 | 2029 ('10-"13)
151] 168 | 11.9%

20| 24 | 26 | 28 69| 77| 86|96 |108]|120|135

Q) AFAFE . I AA FHE AR AE A9X20d 0.1%,
2513 0.5%, 301 10%) 2 7|=/d &5 A-e AsAk A1 A
A E vlgo g 7189YUs] F4F Axt 213 o]F 232%2] AlAl

NERFE A F3EA A

b ALS A A2H =727 eAtg e & ol &2

rok

(£ 9-32] 8E7IAE &8
(EH21: Ao E)

2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029
120 | 185 | 151 | 168

A NETR 6.9 7.7 8.6 96 | 108
232% | 23.2% | 232% | 23.2% | 23.2% | 23.2% | 23.2% | 23.2% | 23.2%

16 1.8 2.0 2.2 2.5 2.8 3.1 35 | 39

B. MEHRE
C. & o=

286 |



) FIHEAE
H 18.7% &

(%]

qg3t3, AR, A AR BHE

&

[E# 9-33] R7I7Ixl &

2008 2009 2010 AVERAGE
M 7atet 11.73 13.69 14.73 13.4%
SEElE 22.07 24.05 22.38 22.8%
AHS At 18.58 20.62 20.79 20.0%

@) A AFE AR, AR R BT ARG HFE

ol 34.56% 28

) A AFES : 25.15% LEHE

PV(EA7IA)E 4819402 F4ks

MN

F Wl 9319 doln (13 7]

- AFEAFY 9] BCRE 2398 F4

[E 9-34] $27IAE BB AEX A2 EI| 27N AIel He| &5
(E49l: 242))
21 | 22 23 | ‘24 25| 26 | 27 | '28 '29 A
ol 73 80 86 93 101 110 | 119 | 129 140 931
PV(13) | 48 49 50 52 53 55 56 58 59 481

BAolvA AuA AdE AT AAdS ZlepEAry | 2
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288 |

O HY7|zE: 1092 AHA
AHE EFE9 USPC code ¥ HZk 10.19\d
[ -35] =X ZHoj & &&35 XM A7 MAY[E *H 552
JleTdH 2%

USPC Hl & 71&5H(d) H| S
029 4 10 0.3%
040 1 0.1%
044 16 13 1.3%
048 144 1A 11.3%
055 1 1 0.1%
060 4 0.3%
062 2 12 0.2%
068 2 15 0.2%
073 1 10 0.1%
075 1 1 0.1%
095 17 1 1.3%
096 22 10 1.7%
122 5 14 0.4%
123 25 12 2.0%
126 4 16 0.3%
136 1 10 0.1%
137 10 16 0.8%
141 13 13 1.0%
149 2 0.2%
165 4 12 0.3%
180 4 10 0.3%
201 1 11 0.1%
204 55 10 4.3%
205 21 10 1.6%
206 2 14 0.2%
208 10 14 0.8%
220 4 0.3%
222 2 15 0.2%
251 2 16 0.2%
252 15 1.2%
257 2 6 0.2%
264 2 0.2%
290 3 10 0.2%
307 2 8 0.2%
320 5 8 0.4%
324 1 9 0.1%
356 9 8 0.7%
363 1 8 0.1%
408 1 17 0.1%
419 2 9 0.2%




USPC Bl ZlEH(4d) H| &
420 1 10 0.1%
422 202 10 15.9%
423 83 12 6.5%
427 2 0.2%
428 2 9 0.2%
429 457 10 35.9%
431 16 8 1.3%
435 5 8 0.4%
436 11 8 0.9%
446 1 0.1%
455 1 6 0.1%
502 29 10 2.3%
518 15 11 1.2%
549 1 8 0.1%
568 4 10 0.3%
585 10 12 0.8%
700 5 7 0.4%
701 2 7 0.2%
705 2 7 0.2%
709 1 5 0.1%
977 1 7 0.1%
O WY ¥E =
[ 9-36] HHEH H04E TS AMO oE H ME 29

(1) ME7R 1249 5592, 30 328 =

2 MEHRE 21 0| % 7.7% Al

3) #7tA & 289%(H 2 et BN AR E F3)
(4) R&D 7| 2810% (22X E)

(5) AtHat M3 E | 3456% (ZIHM, M7Fstat A2 E)
6) AtY H7Emt 25.15% (X E)

(3)x(4)x(5)x(6) 0.59%

Q) ANZ-HRE

3 FAHA ==

AAANUA A Axds A%

: BCC Researchol] Wh=2H FAAAE A 2l Bl oy

129 7]E 5519 8=

A E ) 7 &AL

&
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[Z 9-37] Btz Z04E M

—

oF AMIH A= Y&k 7|= JH LAt o of &

re)

of &2
(gl Alof =)
2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
A ARTRR 134 | 148 | 164 | 181 ] 199 | 20 | 243 | 269 | 207 | 328
B. A RE T7% | T7% | T7% | T7% | T7% | 17% | 77% | T.7% | 7.7% | 7.7%
C.ofZolabtz | 10 | 14 | 13 | 14 | 15 | 17 | 19 | 21 | 23 | 25

2 3}3t (22.8%) P A AARE (25.1%) 370G

3) FPHAE - A
Y B717ER & 9 WX 2 23.9% A&

[E® 9-38] #717Ix &

2008 2009 2010 AVERAGE
Helstst 22.07 24.05 22.38 22.8%
B - MAE E 26.19 23.65 25.31 251%

u7] ]}\XH’, u}\-] Oﬁ_a‘ 5 1:]1:! Jé_jq_ /\]‘oqﬁ_ 23 ;(1—5’_%

@) st HAFE -
ol 34.56% 28

olm}

.|C>
= [=)

6) A AeED : 25.15%

Ael2 9319dolm *13d 7|&

O 21~30 a0l 23 10d37F WAYsl= F He A

PV(EA7IA)= 4819402 FAkH

- AlFALY 9] BCRES 2392 54

[# 9-39] SHIIAE &85 XSt HABRMHII| &/ LA HeY =X
(Ehel: oig))
21 |22 | 23 | 24 | '25 26 27 28 | '29 | '30 | A
el 75 | 83 | 91 100 | 110 | 121 134 147 | 162 | 178 | 1,201
PV(13) | 49 | 51 53 | 56 | 58 61 63 66 69 72 597

290 ]



- AEHE EFE9Y USPC code X Hgk 8.76d
[E 9-40] AMIH Z2527|MA| 158 &0 2H 53559 7|a4d 2%
USPC Hl 7[259(H) H| S
015 2 13 0.2%
029 33 10 2.5%
030 5 0.4%
040 3 0.2%
053 1 13 0.1%
055 9 1 0.7%
060 1 0.1%
073 10 10 0.8%
096 4 10 0.3%
106 1 10 0.1%
118 8 10 0.6%
126 4 16 0.3%
128 3 10 0.2%
136 7 10 0.5%
138 7 15 0.5%
148 4 8 0.3%
156 9 0.7%
165 2 12 0.2%
174 2 9 0.2%
180 11 10 0.8%
181 5 14 0.4%
184 1 15 0.1%
204 34 10 2.6%
205 21 10 1.6%
206 5 14 0.4%
221 18 1.4%
222 1 15 0.1%
244 2 16 0.2%
248 1 0.1%
250 2 8 0.2%
252 19 1.4%
257 8 6 0.6%
264 5 0.4%
285 2 18 0.2%
290 1 10 0.1%
307 15 8 1.1%
320 36 8 2.7%
324 2 9 0.2%
333 2 9 0.2%
335 1 11 0.1%
340 5 0.4%
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of¥) BFgA 24} 718w

USPC glE ZIE4(d) HE
356 5 8 0.4%
359 1 7 0.1%
360 3 7 0.2%
361 9 8 0.7%
362 1 11 0.1%
381 43 9 3.2%
385 6 7 0.5%
401 4 18 0.3%
404 1 16 0.1%
47 7 14 0.5%
420 2 10 0.2%
422 13 10 1.0%
423 8 12 0.6%
424 1 0.1%
427 41 3.1%
428 11 9 0.8%
429 610 10 45.9%
431 4 8 0.3%
432 3 12 0.2%
436 20 8 1.5%
438 4 6 0.3%
442 1 10 0.1%
449 2 0.2%
454 1 11 0.1%
482 1 11 0.1%
502 57 10 4.3%
505 1 8 0.1%
521 8 10 0.6%
523 1 9 0.1%
524 6 10 0.5%
525 3 9 0.2%
528 6 9 0.5%
548 2 7 0.2%
556 1 8 0.1%
600 13 8 1.0%
601 2 10 0.2%
604 26 10 2.0%
606 1 9 0.1%
607 12 8 0.9%
700 2 7 0.2%
701 7 7 0.5%
702 3 7 0.2%
703 1 6 0.1%
705 1 7 0.1%
713 4 6 0.3%
903 6 0.5%
ar7 33 7 2.5%
D09 18 1.4%
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2 ANEERE 214 0lF 7.7% =Xl

(3) #It7txl& 214%(H U5t XSit £2)

(4) R&D 7|0i 28.10% (Y 2Hg)

(5) At e MBS E 34.56% (ZIALK, dratet A2 E)
(6) At HFa3 | 2515% (Y2 E)

(3)%(4)x(5)x(6) 0.59%
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2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029

A AETE

B. AIZERE

C. 0f& o

3) F/PIAE - AEEE (22.8%) H AFAF (20.0%) 3ME HF F
TS o] AR E 214% AL

[# 9-43] Fot7tx&

2008 2009 2010 AVERAGE
yastst 22.07 24.05 22.38 22.8%
B A MAT = 26.19 23.65 25.31 25.1%
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[Z 9-44] Atd el H <

15 16 17 18 | 19 | 20 | 21 22 | 23 | 24 A

ol 731 953 | 1,232 | 1,917 2433 | 3,065 (3,838 | 860 |1,093|1,388| 17,511

PV 530 729 893 | 1,318 | 1,586 1,893 | 2247 | 477 | 575 | 692 | 11,000

[1CO, &8 =t
O #W7Izk gdo = AHH
- BHEE EFEQ USPC code ¥ H3k: 8.199

[E 9-45] CO, &8 Zuj7iwr|a o E5EQ 7|25H 2%
USPC Hl T 759 (4) H &
008 15 1 11.1%
029 1 10 0.7%
048 5 11 3.7%
055 1 11 0.7%
060 3 2.2%
065 1 11 0.7%
095 1 11 0.7%
204 2 10 1.5%
210 19 13 14.1%
219 1 12 0.7%
239 1 15 0.7%
422 14 10 10.4%
423 4 12 3.0%
424 7 5.2%
427 2 1.5%
428 1 9 0.7%
429 5 10 3.7%
435 2 8 1.5%
436 3 8 2.2%
502 17 10 12.6%
506 3 2.2%
518 1 11 0.7%
530 18 8 13.3%
562 1 9 0.7%
568 4 10 3.0%
585 1 12 0.7%
977 2 7 1.5%
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(1) AET= 074 1389 =, 214 14279 =
2 ANEERE 21 0lF 1.7% X
(3) FItxl& 22.8%
(4) R&D 7| = 28.10% (Y2H )
(5) At e MBS E 34.56% (71 A 2% stah Ao g)
(6) At HFa3 | 2515% (Y2 E)
(3)%(4)x(5)x(6) 0.56%
(1) A7t

X . BCC Research Reportol] @} & 7]<o] AZA R
5 FA A 0079 138498, 12d 45039% B =
1,4279&29] CO, ZF-A% &8 AlFo] F4E A= HAd
- 20073 71¥ CO, _ﬂ;é. AA A2 887 48, 20123 & 236352
T2 A R AR Aoz HAWH uh S (‘Carbon Capture
& Storage Technology, Market Research Report, BCC Research, 2008)
- B 7]&o] H&E = Pre-Combustion Carbon Capture A7 346 4$ (°07
W), 1249 9§ C129)o2 F& AAFErsE dAwo] Ho], CAGR 21.8%
2834, 166 9$S 201210 AlF FEZ AHA
- CO, A AL 7129 GTL,CTLE tAIShH=s A =272 A3,
GTL (074, 7048, *121d 1669$), CTL (07 549, *12\d 127¢$)S
2 ZAE (IEA, 2007, IEEJ 2008, Annual Energy Outlook, 2006)
- B 7)eo] HEEHE €O, E-AHE FE AFE, Y A3 A
gatod, 2073 1384 <8, '12d 4593 3L HE AA FEE A

(2) AEEFE - CCS AAAE H AR LR (BCC Research)
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2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
A AT 1427 | 1570 | 1727 | 1900 | 2090 | 2299 | 2529 | 278.1
B. ABERE 17% | 17% | 17% | 17% | 17% | 17% | 17% | 17%
C.oiz ofay#= | 24 | 27 | 30 | 33 | 36 | 39 | 43 | 48
Q) P& - AHEEe 0 B FUPEAE 22.8% 28
[E£ 9-48] FI7tx| &
2008 2009 2010 AVERAGE
M sist 2207 24.05 22.33 22.8%

u7] ]}\XH’, u}\-] Oﬁ_a‘]_n 1:]1:! Jg_jq_ /\]_oqﬁ_ 23 ;(1—5’_%

@) st HAFE -
ol 34.56% 28
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o

G AHE AFEF - 25.15% L2

O 21~28Wel ZAx a7t LAk F
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21 '22 '23 '24 '25 '26 27 '28 Al
Hel 177 195 215 236 260 286 314 346 2,030
PV(13) | 116 121 126 131 137 143 149 155 1,076
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048 1 11 0.4%
060 43 16.0%
072 2 13 0.7%
075 1 11 04%
095 9 11 3.4%
096 12 10 45%
123 6 12 2.2%
166 4 1.5%
180 3 10 1%
201 3 11 1%
202 1 16 04%
210 5 13 1.9%
252 4 1.5%
366 3 16 1%
420 4 10 1.5%
422 17 10 6.3%
423 17 12 6.3%
427 6 2.2%
429 37 10 13.8%
502 72 10 26.9%
518 1 11 04%
544 1 7 0.4%
558 1 8 04%
585 2 12 0.7%
977 7 7 2.6%
O #H & I
E 9-51] &8 MHIR tP7IA FEIS SoAAR JAlRle] Hol MF ¢
(1) A ETE 114 1389 =, 214 14279 =
2 ANEERE 214 0|% 1.7% 7X|
(8) #7l7txl& 23.9% (M stsh/dutr|A)
(4) R&D 7|0 = 28.10% (LX)
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142799 E2] CO, E3-A3 &8 Aol g-HE HAoT Ay
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- BCC Research 4t 20109 A ] Eofo] HAA AR FE=
1209} $2 AHeA A3Hg S AR 23 FFROIEE 20101 71E
804 $
- 8%% AAFA HE A ARTEE 47 et 2 R 4
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11d 86918, *123d 93918, 139 1019982 CAGR('10-'13)2 8.1%0]H ©]
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2008 2009 2010 AVERAGE
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