£l 3

00 10 TI
g ®r DO
ol ol Rl
o] oy ol
o .
R

bl

m_.
ol

0K

iy

<



®
O
%
o

Syngas(H,/CO) Elementry carbon,

Hydrocarbon

Methane\ +CH, Hydrogenation
Reforming +H,

Syngas, C;Hg
or BTX

+e-(and(H+)
Electrochemical

+ C5Hg

Reforming,
dehydrogenation
or aromatization

CO, HCHO,
CH,OH, CH, or
HCOOH

Carbon Dioxide

Photochemical
Reduction

Carbamates for urea
Carbonate esters for
polycarbonate plastics

CO, HCHO,
CH,OH, CH, or
HCOOH
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Z0Hetstd g (Bt = HX)

(FTS 3= MzH
CO, + H, <X 2H,0 + CO
nCO + 2nH, X -(CH,),- + nH,0O
(M= 3= MAE
CO, + 3H, Xl CH,0OH + H,0
nCH,OH &1 -(CH,),- + nH,O
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(Dimethyl Carbonate
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(Ol AHIZ &)
(CH,),0 +CO, <1 2CO +(CH,0),CO
(CH,0),CO +2CH,0OH X1 (CH,0),CO + (CH,0OH),
(HIEt= &)
2CH,0OH + CO + 1/20, Xl (CH,0),CO + (CH,0OH),
SHOIA DI E T 8
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HIEH IE@l : Cu,Ru

A ASIEFA D Ag, Au

glycolic acid, malic acid : Pb, Hg(=&4 &6 &)
oxalic acid : Pb, Hg(HI=&4 &M &)
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V vs. SHE

donor * (e.g. -OH from water)

System (sensitizer, e-relay, catalyst)
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Z 318 CO,2| methane, methanol, 12| 12 formate 22| & &t (1997 ~ )
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ORE Y=ol HEA 23 S,

1. Japan
photocatalyst (embedded TiO, in SiO,, CdS, etc), solvent

TiO, in liquid CO, medium, high pressure :
Rhenium bipyridine complexes:
mesoporous zeolite:

ZnS nanocrystallites:

2. Premkumar, J. (India) : metal porphyrins and phthalocyanines with

Nafion
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e EOR (enhanced oil recovery)
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CO, N &

L2 A ES M (CO,—~ECBM)

Flue Gases ﬂ
g AL CH, to

AT
B, . { \ CO, N; Sales
’ CHy _+
co, In poctio n Sep aration
CH, T
_CH4 i .
| Rasp Sasibed CO, CH - N, IcH,

Enhanced coalbed methane recovery with sequestration of CO,

 ME 0

U.S. (Burlington Resources+BP Amoco); San Juan Basin

Canada (Alberta Research Council+IEA); Fenn Big Valley
* R&D needs:

dHAsite dE, N&E= CO, Hs 0=, SHAEL =L Jl= MHE
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EOR (Enhanced Oil Recovery)

Storage Cost (US$/t CO,)

..:.ir.';'...-- 160 7
';E: 120
80

::::-Lf s, | Em— 40 ‘

I

___d_.____:F_ _ _ _ e G 0 r2(] 40 '60 |0 10 120

Cumulative CO, storage capacity (Gt)
EORS HE & CO,EORS S8t M& Jis L M4

e XIBI0I OHEIS O|AISIEIAZS | JWHD#I SHUAM AIE =
« Anthropogenic CO,E 0|&¢8t &Z A4 0l:

Canada+U.S.+IEA: Canada2l Weyburn =
Exxon mobil At: Sharon Ridge = &

Chevron At: Rangley =&, Anadarko Al: Purdy =&



. M= Direct Mineral Carbonation

CO, 24,000 Vday

X OI jH gl:E

Carbonation &8 2
Mg(OH), 32,000 tday

MgCO, Direct Carbonation|
46,000 tiday ~450°C Heat + H,0
10,000 Uday
° NS,
p ;
y
N N A s I N Pericotte MgCl
NE HEd0l 2Es Peridotite Mine 125,000 vday| HC! Exiracbon 155660 Uday] Hci Recovery 500 Uy
- = Digging & : 1 hour residence en” | tr—
2XHOI A2 H oAS Srabe | sua_| "™GSE | v | oasec el
26,000 t/day 40,000 t/day

« CHE:I MgO, Ca0 &8 Z 2 (Peridotites, Serpentitite) 2| & = 0f
0re HI20| AH| (L

(
3ton0l 28, S48 o|=0 E=2 HIE0| &HIS

. o7 grsE:

MgCl, melt AFZGIH S &t 2l HIE B2 $62/tCO,
D2, DA =EN S0A BtS (SBLt 3=t EER, 222 &N

20l &2 HI20| AHl)
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Jtsd0l 3

MZ HIZ0| &2 (4.7$/tC)
e &S AL O
Statoil At : =0l Sleipner tH==Z
= A3 g A1
KESC otE A 2HAl
H=s 2= g

Skeipnar T

Gas from
Slaipner Was!

leipner East
Produchon and Injecton Wells

| A2t BROE= 2] O &kt EHA S D] ot
98 HEFH AlH)
2 0=2E, MEE Ol&tet &2 HS



CO, Il 20t ¢y X &

A2Hl K&
Jlz= =0t SHE 2 NPNE ik =SXo ES 012} Al (%9%)
(1992-1998) | (1992-2001) |(1998-2001)| (2000)
= 30 56 57 143
E4=22 2,878 1,975 4,853
co2 |ExE=el 591 880 805 2,276
gl |22 320 204 205 197 926 8,770
S42e 715 715
Z0HstE S| 2,386 2,288 3,396 2,247 10,317
Co2 |MZsHH 271 1,038 244 1,553
S PP 105 34 139 | 28
25} 8t A 109 109
co2 M 137 380 8 525
J|=HSEX 445 445
Al (BR2rEY 2,706 6,613 7,115 57 5,510 22,001
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