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APP 37
(PFC)
PFC CO2
1 2
4-2 4-3
4-2
Byproducts and Solid
Process Air Emissions” Effluents Wastes
Alumina Refining Particulate Wastewater containing Red mud, sodium oxalate
starch, sand, and caustic

Anode Producton Particulate, fluondes, Wastewater containing Carbon dust, tar,

polycychc organic matter, suspended sobds, refractary waste

]

fluorides, and organics

Aluminum Production
(Smelting)

CO,, CO, S0, fucrides

(gaseous and particulate),

Wet air pollution control
{APC) effluents (if

Spent potlining (RCRA-
listed KOEE]),

perflucrocarbons (CF,, applicable) environmental abaterment
CoFy), polycychic organic wastes (e.9., wet APC
matter sludge)
Scrap Pretreatment Particulate, onganics, Wet air pollution control Emvironmental abatement
chlorides effluents (if applicable) wasles

Secrap Smelting/Refining

Particulate (including
trace metals), organics,
chiondes, fluorides

Magnesium removal
("demagging”) effluents

Dross, salt cake

Semi-Fabrication

Particulate, chiondes,
arganic droplets and
Vapors

a. Excludmg combustion-related enmssaons.

Source: Enargy ard Emarormenial Profile of the L5 Alvminivm Indusiry, July 1997, Energetics Inc, Columbia, Marviand for the U5

Department of Energy, Offwce of Industiial Technologies,

Cast water blowdown,
coohng water blowdown,
roll coolant waste, coatng

50
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4-3

4-3
Emission Factor
[Ib/ton]
Process
SOx NOx CO, co*© Particulate | Organics | Chlorides | Fluorides

Alumina - - - - 0.5 - - -
Refining [1.0]
Coke 0.81 D.18 - 037 0.40 0.29 - 0.0004
Production® [1.62] [0.36] [0.74] [0.60] [0.58] [0.0008]
Anode 0.70 0.16 = 0.25 0.63 0.20 = 0.25
Production® [1.40] [0.32] [0.50] [1.26] [0.40] [0.50]
Aluminum 180 29 1,400.0 125.0 4.2 0.13 - 13
Praduction [36.0] [5.8] [2,800.0] [250.0] [8.4] [0.26] [2.6]
(Smelting)
Primary Ingot - - - - 0.10 - 0.0078 -
Casting [0.20] [0.0156]
Scrap — - — — 0.20 0.05 0.20 -
g’retreatmem [0.40] [0.10] [0.40]
Secondary = = = = 019 0.05 0.17 =
Melting/ [0.38] [0.10] [0.34]
Casting
Hot Rolling - - - - - -
Softer alloy® 0.8[1.6] 1.0 [2.0]
Harder alloy” 12[2.4] 0.3 [0.6]
Cold Rolling - - - - 042 1.80 - -

a Emission factors per unit of anode produced

b Emission factors per unit of serap input.

© Softer alloys are represented by 3104,

d Harder alloys are represented by 5182,

Source:  Data reported by Nolan Richards, 1997, (Note: the date refers to the release of the information, some of which was
developed in 1991).

Source: Energy and Environmental Frofile of the U.S. Aluminium Industry, July 1997 Energetics Inc, Columbia, Maryland for the U_S.
Department of Energy. Office of Industrial Technologies
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19 11 14
http://www.keidanren.or.jp/japanese/policy/2007/089/besshil.pdf
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5-1 35
6
2006
1990 | 2004 | 2005 | 2006 |1990
CO, 27,500 | 36,200 | 37,300 | 36,500 9,000
CoO, 1| 100| 101| o098 -0.02
10,800 | 13,300 | 13,600 | 13,500 2,700
1| 095| 095| 0.4 -0.06
1| 131 134| 135 0.35
CO, 3,070 | 3,830 3,850 3,700 630
1210 | 1410] 1410] 1370 160
CO, 20,371 | 19,208 | 19,046 | 19,326 -1,045
CO, 1| o003] 093] o092 -0.08
6,520 | 6,081 | 6,043 | 6,178 -342
1] 093] 093] 0092 -0.08
1| 101 101| 105 0.05
CO, 2,741 2107 2177| 2,184 -557
CO, 1] 1200] 100] 102 0.02
861 630 651 656 -205
1| 095| 095] 0.7 -0.03
1| o077| 079] o0.78 -0.22
CO, 3,004 | 4,037 4136 4,062 968
CO, 1] o087] os85| o085 -0.15
1,287 | 1665| 1,714| 1682 395
1| 086| 084] 085 -0.15
1| 150 158| 155 0.55
CO, 6,685 | 7,439 | 7,305 7,288 603
CO, 1| os86| o0s84a| o083 -0.17
2,678 | 2,050 | 2,011 | 2,879 201
1| o085| 084 o082 -0.18
1| 120| 130 131 0.31
CO, 2,545 | 2,589 | 2,475 2,330 -215
C0, 1| o095| 089| o084 -0.16
946 912 878 836 -110
1| o090 | o085 o082 -0.18
1| 107| 109| 108 0.08
6 CO, 62,936 | 71,580 | 72,439 | 71,690 8,754
23,002 | 25,538 | 25,797 | 25,731 2,639
6 CO, 38,506 | 39,210 | 38,989 | 38,890 384
13,502 | 13,648 | 13,607 | 13,601 99
t-CO,
kL
( )
( )
2006 2007
2006




5-2 6 1990
2006 1990 2006
CO, 1990 | 2004 | 2005 | 2006 1990
t-CO, | %
coO,
1990
3,700 | 7.3% (kg- | T,qq, | 100%]| 100%] 101%| 98% -2%
CO,/kWh)
19,326 | 38.3% 1990 100%| 93%| 93%| 95% -5%
: ' (PJ) 10%
1990
2,184 | 4.3% (MII) 3% | 100%| 95%| 95%| 97% -3%
1990
4,062 | 8.1% 109 | 100%| 86%| 84%| 85% -15%
(KL/ kL)
1990
7,288 | 14.4% 100%| 85%| 84%| 82% -18%
( )| 10%
CO,
13%8/ 100%| 95%| 89%| 84% -16%
2,330 | 4.69%| FCOY 0
, .o%
1990
0, [0) 0 0 - )
M) | 13% 100%| 90%| 85%| 82% 18%
29 11,568 | 22.9% - - - - - - -
50,458 | 100% - - - - - - -
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51.2

5-1
38,506

5-3

t-CO2

1990

8
2006
CO2
2006
1.0%
2008 2012

72

CO2 1990
38,890 t-CO:
CO2
0.7%
1990 6%



5-3(1)

2008 2012 CO2 1990
20 0.34kg-CO2/kWh
CO2
CO2
0.417kg kWh 1990
L 1.7%

0.410kg kWh 2006

LNG
30.5% 10.0% 59.5%
4.270kW
12,859kW
LNG
CO2 405 t-CO2
41.9%
5.0%
CO2
PR
CO2
2012 CO2 1.2
t-CO2 285
APP
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5-3(2)

1997 2006
14,800 55 t-CO2
5,300 1.7 t-CO2
12,400
5,200
CO2 6,900
29
2001 2006
2007-2008

2007 10

74

11




5-4 (1)

2010
1990 10%
3%
4%
2,527PJ 1990
1 5.2%
2,394PJ 2006
PJ 1015 PJ 2.58 kL
CO2
203.7 t-CO2 1990
1l 51%

193.3 t-CO2 2006

112 1990
1L 5.4%
118 2006
37
CO2 786 t-CO2
CO2 920 t-CO:
4.5
CC CAPL
TRT CDQ
PCI
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5-4 (2)

SCOPE21

CO2

CO2
APP
11SI
G8/IEA

100
t-CO2
CDM 4,300
t-CO2
19 10
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5-5

2010
1998
1990 3%
3,586MJ/t- 1990
1L 3.0%
3,478MJ/t- 2006
2000 2005 55,377
2006
1,086
7,103
5,687
238
14,115
234 kL
2007 2010
168
8 KL
2006 1990 3%
2007 3.8% 2010
2007 2008 2012
19 10 11

7




5-6
13%
2010 2008 2012
10.19 1990
L 15.4%
8.62 2005
KL/ kL
CO2
3,094 t-CO2 1990
L 313
4,062 t-CO2 2006
CO2 592 t-CO:2
1 t-CO2
1,561 t-CO2
968 t-CO2 31.3
2006
19.3 kL
6,078
SS
IGCC
CDM

78




79

2007

2007

10
12

19 10 11



5-7 (1)

2010 1990 90%

1997

CO2

100 1990
1 18%
82 2006

CO2
2,678 kL 1990
-2,879 KL 2006
CO2 6,685 t-CO2 1990
-7,288 t-CO2 2006
100-131

2006

568
5,114
2,359

27,318
7,686
43,045

2007

5,499
15,511
19,774
80,773
12,508
134,064
83 kL

80




5-7 (2)

2007

2008 2012
80%

1990

87%

81

http://www.nikkakyo.org/




5-8

2010 1990
13% CO2 1990 10%
1998
2010
60 ha
100 1990
1 18%
82 2006
CO2
100 1990
1 16%
84 2006
1997 210
2008 2012 5
1990 20% CO2
1990 16%
2007 2012
70 ha

http://www.jpa.gr.jp/

82




5.2 CCS
5.2.1

CCS

CCS

CCS

CCSs

CCS

83

CCS

CCS

CO2

CCS



52.2

5-9
5-9
5-10 5-11
5-1
2) 3) CCS
2
CcCs
2
ccs
5-10 4
CcCS
5-10
ccs
6

84

CCS

1)

5-10

5-10

5-10
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85

5.3

CCS

CCS



(H)

« )
D T C S M Yes

D1 | D2 | D3| D4 | T1 | T2 | T3 | T4 | C1l | C2]|] S1 | S2 | HL | H2]| M1 | M2
CCs CO, o o o o o o o o o o o o 75%
o o o o o o o o o o o o o o 88%
o o o o o o o o o o o o o 81%
o o o o o o o o o o o o o 81%
CCS o o o o o o o o o o o o 75%
o o o o o o o o o 56%
o o o o o o o 44%

o o o o
o o o o o o o o o o o o o o 88%
o o o o o o o o o o o o o o 88%
o o o o o o o o o o o o o o o 94%
o o o o o o o o o o o o 75%
CDM/JI CO, o o o o o 31%
o o o o o o o 44%
o o o 19%
CCS o o o o o o o o o 56%
CO, EOR/CCS
c |° ccs
CCS
o o o o o 31%
o o o o o o o 44%
CCS 0%
o o 13%
PA
CoO,
o o o
CCSs
12 D1,D2,...... ,M2
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5-10(2)

(H) ()
D T C S
M Yes
D1 | D2 | D3 | D4 | T1 | T2 | T3 | T4| C1 | C2]| S1 | S2|H1L|H2]M1| M2
CCs CCS
Co, 1 7,000 o o o o o o o o o o o o o o 88%
CO; o o o o o o o o o 56%
o o o o o o o 44%
CCS 10
o o o o o o 20
CCS
o o o o o o o o o o o o 75%
o o o o o o o o o o o o o 81%
o o o o o o o o 50%
o o o o o o o o o o o 69%
o o o o o o o 44%
PA
o o o
CCS
- 0%
- o o o o o o 40%
_ o o o 20%
- o o o 20%
o o o o
2,000
12 D1,D2,...... M2
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5-11

12
14
13
13
12

14
14
15
12

14

12
13

11

@HleHleHe )|, e Hlas )

Co,

CCS

No

1 [CCS

3 |CCS

4 |CCS

88



CCS

o-1

Co2
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53

CCS

53.1 CCS
CCS
CCS
5-12
5-12
5-13
5-13
53.2
5-14
5.4

90

5.2



5-14(1) CCS CCSs
RITE
A2 52
CO,
D5
s 1,500
CO2 1,000 2,000
20km
CO, D6
CO,
CO,
CO, CO,
CO,
CO, c3
2100
100 CCS
€3 CCS
C4
D T C H

91




5-14(2) CCS CCS
RITE
CCSs
CcCs
S3
CCS CDM EU- EU-ETS
ETS 16 17 H19 6
3,000 05 1
CDM D5
CCS EU-
ETS
CcCs T7
co,
CCS
T5
D8
D T C H

92




5-14(3) CCS CCS
RITE
CCSs
D7
50 100
D7,T5
CCS 2050
H3
D7,T6 IEA 2050
CCS CCS
T5
CCSs
C5
T7
CCSs
T6
CCSs
c3 CCSs
CCSs T7
D T C H

93




5-14(4) CCS

CCS

RITE

CCSs

CCs

D8

D7

CCS

D8

CCS

H4

Co,

Co,

D7

D8

D7

D7

94




5-14(5) CCS CCS
RITE
IEA/GHG
CCS
H5 CCS
CCS
S4
S5
co,
web D8
PCB co, CO;
40
D6
co,
D C H

95
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5-15

CCsS

CCS

CCS

CCS

5-15

5-2

CO2

5-15

5-15

CCS

96

CCS
-2 -1
5-15
5-15

CCS



5-15

16

32

18

24

21

11

14

13

11

@) )6 )6 )5 4| | 62)

CO,

CCS

> CCS

CCS

No

-1/CCS

CCS

CCS
CCS

CO,

CCS

CCS

2,000 /t-CO,

CCS

CCS
> CDM/JI

-1|CCS

-3|CCS

97

No




5-2

16

14

12

10

CCSs
CCS
2,000

CDM/JI

CO2
CCS

98



CCS

4.5 5.4
CO2
CCs
CCs
IEA
CO2
CCs
CCSs

CCS

99

CCS

CLSF

CO2

CO2



CCS

CCS
CCS

CCS

CCS

100









/ CCs /CCS
HP CO2
- (Directive) ( ZEP: Zero Emission Fossil Fuel (
Power Plant) 2007 4 CCS
-CCS CCSs -CCs
EU
2008 1 23 CCs (2007
co2 5)
CCs
CCs COORETEC(CO2-Reduction- (2007 6 )
Technologies)
CO2 CCS 2020 (e{0]
Federal Regional Planning Act (2007 3/7) 1990 40
CCs CCs
2020 CCs
(2007 8 )
2006 4 CCs ( ) (ADEME Environment & Energy 2050 IFP
Management Agency) BRGM&CNRS Lacq)
CCs
3/4 CCS
CCs CCs
CO2
MIES (Mission interministérielle de I'effet de serre)
(ONERC)
(IFP French Oil Institute)
RAC-F (Réseau Action Climat France)
(PIM Project Information BERR CCs CGS(capture & geological storage of
(DEFRA Department for Environment, Food and Rural Affairs Memorandum) C02)
CCS 5 (2007 5 23 )
BERR The Department for Business, Enterprise and Regulatory Reform co2 (ACCAT
(2006) Advisory Committee on Carbon
L J ( c02 Abatement Technology)
(G))
CO2 COo2 ZEC
Zero Emissions Coal Project
CCs
CCSs 2007 11 19 ( ) 34
co2 ) (

http://ec.europa.eu/environment/climat/ccs/index_en.htm
http://ec.europa.eu/research/energy/nn/nn_rt/nn_rt_co/article_1150_en.htr

ZEP http://www.zero-emissionplatform.eu/website/

CCSs -CCs http://www.ecn.nl/fileadmin/ecn/units/bs/Transitietechnologieen/Task_3_Incentivising_CO2_capture_and_storage_in_the_European_Union.pd
DEFRA http://www.defra.gov.uk/environment/climatechange/index.htm
BERR http://www.berr.gov.uk/energy/sources/sustainable/carbon-abatement-tech/page19502.htm

Government News Network http://www.gnn.gov.uk/content/detail.asp?NewsArealD=2&ReleaselD=32110¢
http://www.berr.gov.uk/energy/whitepaper/page39534.html

2006 CO2 http://www.berr.gov.uk/files/file27816.pdf
http://www.hfccat-demo.org/cat_doc/docs/co2_capture_and_underground_storage_in_the_uk.pdf
2050 http.//www.industrie.gouv.fr/energie/prospect/pdf/facteur4-rapport-final-engl.pdf
http://www.effet-de-serre.gouv.fr/les_plans_climat_territoriaux
CCS http://www.colloqueco2.com/IFP/fr/minisiteCO2/presentations2007/ColloqueC0O2-2007_Session2_5-AIMARD.pdf
COORETEC(CO2-Reduction-Technologies) http://www.fz-juelich.de/ptj/projekte/index.php?index=1365
Cc0o2 http:.//ec.europa.eu/environment/climat/ccs/consult_en.htm

http.//www.berr.gov.uk/files/file19827. pdf
http://www.berr.gov.uk/files/file19827.pdf

@







co2
EU Co2 2010 PJ
10 30 Cco2 15.8
CASTOR o2 30
Co2 -
PJ
CO2 from Capture to 80 EC 8.5
Storage
PJ
Cco2 229
ENCAP 90
co2 50 2008 2010
Enhanced Capture of i
cO?2 EC 10.702
CO2 2015 PJ
CACHET 13.45
o PJ
Carbon Dioxide Capture
and Hydrogen Production EC 7.58
from Gaseous Fuels
PJ
7.69
DYNAMIS HYPOGEN(
Co2
PJ
Towards Hydrogen 13 )
Production with CO2 HYPOGEN oz EC 415
Management
co2
ISCC PJ
2.9
ISCC ( ) co2
Lo PJ
Innovative in situ CO2
Capture Technology for co?2 EC 19
Solid Fuel Gasification LCA
C3- CAPTURE PF CFB PJ
2.72
Co2
Cco2
_ Plaz 7 )
Calcium Cycle for EC 1.8
Efficient and Low-cost
CO2 Capture using
Fluidsed Bed System

@




Cco2 PJ
2.13
CLC-GAS POWER
. ‘CO2-Ready’ 03 coz
Chemical Looping
Combustion Co2-Ready NoX EC 17
Gas Power
CO2
100 10kwhth CLC
PJ
3.51
2
CO2
CCs
DESANNS 75
CO2
MCM SBA
(periodic mesoporous oxides)
metal organic
8 JAdvanced Separtaion and framework) ( g
Storage of Carbon PJ EC 25
Dioxide:Design, Synthesis
and Applications of Novel
Nanoporous Sorbents co2
PSA
-20
( /1
120 )
Cco2 PJ
HY2SEPS PSA 2.53
- /
9 . (PSA co2
Hybrid Hydrogen - Pressure Swing
Carbon Dioxide Adsorption)/CO2 EC 1.56
Separation Systems /PSA/CO2
co2
CO2SINK PJ
30
10 JR&D PJ
In situ R&D Laboratory EC 8.7

for Geological Storage

®




2030
IPR 2050 60 C0O2
CCs
3
18
CO2 CO2GeoNet IPCC
IPCC
CO2GEONET co2 ces
Cco2
11 R&D IPR 6
Network of Excellence
on Geological Storage of
CO2 CCS Cco2
CCs
R&D
CO2GeoNet
FP5 IEA UNECE
NGO
EC RECOPOL PJ
EC RECOPOL 267
CO2 MOVECBM
CO2
CO2
MOVECBM con
COo2 co?
12 ECBM PJ
Monitoring and co?2
Verification of CO2 EC 1.25
Storage and ECBM in
Poland EU
CO2

*



13

CO2REMOVE
Co2

CO2 Geological Storage:
Research into Monitoring
and Verification
Technology

PJ

Co2

PJ

15

EC

14

EU GEOCAPACITY

Assesing European
Capacity for Geological
Storage of Carbon
Dioxide

PJ

3.59

EC

1.9

15

CO2 NET-EAST
Cco2

CO2 Capture and Storage
Networking Extension to
New Member States

CO2 NET-EAST
EU

Carbon
Dioxide Knowledge
Transfer
Network(CO2NET)
EC FP5

CO2NET EAST
CO2NET

COo2
25

CCs

CCs

PJ

0.323

EC

0.294

16

CAPRICE
Cco2

CO2 Capture Using
Amine Processes:
International Cooperation
and Exchange

PJ

CAPRICE

PJ

1.14

EC

0.38

17

COACH
CCS EU

Cooperation Action with
CCS - China-EU

PJ

EU-

Polygeneration

(

polygeneration
Co2

PJ

2.62

EC

1.50

®




INCA-CO2
Co2

18 . .
International Cooperation

Actions on CO2 Capture
and Storage

PJ

CSLF

CCs

CCs

CSLF DOE
CSLF
FP5,FP6
co2
50 R&D
CO2NET2

PJ

0.709

EC

0.445

©)
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