1990

25

21

11

24



25 A15%
A
A A25
A
A25
10 COz2 2000
10 CO2 2000
10 CO2 2000
2300

10 CO2 2000 2300

1990



400

+0.41

10

GDP
-0.38

10

10

-0.01

10

CO2

-0.40

10

CO2
10

-0.04

+0.36

CO2

2400

400
CO
GDP
-0.05
+0.55
GDP
2400

-0.13



10 10
2000 t-CO2 2000 t-CO2
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400 t-CO2 400 t-CO2
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+0.01% A -0.01% A
-0.40 A25 +0.41 A25
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A10% A15% A20% A25%
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t-CO2
5
25
25 GDP
-3.1 -3.2 -5.6
-4.5% -3.4% -15.9%
A20
5 GDP -21 -3.0%
A15 10 -1.3%
-2.0% A10 15
-0.8 -1.2%
A20 -2.9%
-3.1% A15 -1.4%
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A10 15 $167/t-COz2 920 A26% 90 A28%
A15 10 $285/t-CO2 920 A39% 90 A33%
A20 5 | $367/t-CO2 90 A42% 90 A36%
A25 $476/t-CO2 90 A44% 90 A39%

! GDP
A10 15 0.43% 90 AT7% 90 A30%
Al5 10 0.56% 90 A11% 90 A33%
A20 5 0.80% 90 A18% 90 A36%
A25 E 1.13% 90 A30% 90 A39%

: 27
A10 15 $205/t-COz2 90 A30% 90 A29%
Al5 10 ! $279/t-CO2 90 A30% 90 A30%
A20 5 | $546/t-CO2 90 A32% 90 A32%
A25 ; -

. GDP

; 27
A10 15 |  0.44% 90 A5% 90 A27%
Al5 10 | 087% 90 A1l7% 920 A31%
A20 5 1.40% 90 A24% 90 A33%
A25 -

25

15
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2006 2020
2020 12,449 2006
2020 12281
56 / 2005 IEA World Energy
-121 / 2020 Outlook
113 2005 ()
-120 2020
2005 2020
2005 10 2020
4374 kwWh

80




-10% +10% -10% +10%
-2,000 CO2 +2,000 CO2
1 2,000 1 800 1 3200 90 GHG 90 GHG
16% 16%
-10% +10% -10% +10%
km 13,066 11,759 14,373 2300 coz 2300 co2
. o301 5707 6075 90 GHG 18K 90 GHG 18K
km 5,190 4,670 5710
km 5,160 4,650 5,680 -2,000 tCO2 +2,000 tCO2
90 GHG 16% 90 GHG 16%
km 2,370 2,130 2,610 A15% A15%
km 2,320 2,080 2,550
-10% +10% -10% +10%
+400 CO2 -400 CO2
90 81 99 90 GHG 03% 90 GHG 0.3%
2007 2007 2007
121 109 133
2
-10% 10% -10% 10% -10% 10% -10% 0%
0.04% 0.03% 0.41% -0.40% 0.00% 0.00% 52,438 /tCO2 54,072 /tCO2 52,010 /tCO2
0.02% 0.03% 0.44% -0.44% 0.00% 0.00% - - -
0.05% 0.04% 0.36% -0.36% 0.37% -0.37% 70,653 /tCO1 73410 /tCO2 67,882 /tCO2
90 a25%
%0 ATH -0.05% 0.04% 0.46% -0.45% 0.44% -0.44% 11,179 /tCO1 13,444 /tCO2 8942 /tCO2
90 ATH 0.02% 0.01% 0.64% 0.61% -1.91% 1.93% - 190 C0O2 Al70 C0O2
0 A, 0.01% 0.0% 0.55% 0.54% -1.81% 1.85% - 414 /icoz 399 /tco2




-10% +10% -10% +10%
4374 +2400  CO2 | -2400  CO2
81% 3,937 4811 90 GHG 1.9% 90 GHG 19%
Kwh
4345 #2400  CO2 | -2400  CO2
3911 4,780 90 GHG 19% 90 GHG 1.9%
80% A 15% A15%
2
-10% 10% -10% 10% -10% 10% -10% ( 0%
) 0.40% 0.07% -0.92% 0.29% 0.02% -0.01% 52438 /tCO2 | 86798 /tCO2 33217 /tCO2
o A -0.14% 0.13% 029 0.28% 0.01% -0.01% - - -
0.13% 0.10% -0.22% 0.18% -0.03% 0.02% 70653 /tCOl | 72655 /tCO2 68932 /tCO2
920 A25%
90 ATH -0.09% 0.07% 0.16% 0.14% -0.01% 0.00% 11179 /tCOl | 12530 /tCO2 9844 /tCO2
0 ATH -0.09% 0.01% -0.18% 0.19% 1.45% -138% - 2,190 42140
2
0  a7s, 0.38% 0.33% -1.24% 1.10% 2.76% -2.30% - 5112 /tcoz 5175 /tCO2
3
2005 2000
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IPCC 450 ppm-CO5eq.

90

11 18%

90 25%

l

2006 2030
3%

90 $/bbl

16
21% 71 76 $/bbl

20%
A 10%+ A 15%
26

A 25%




($0/tCO,)
| 90 25%
450ppm 2
450ppm-CO-eq
! 90 11 18%
UNFCCC
18% 11%
2 $20/tCO, IPCC substantial deviation
from baseline in Latin America, Middle East, East Asia and Centrally-Planned Asia
COP14 AWG IPCC WG3 Bert Metz
Baseline 15 30 M. den Elzen
and N. Héhne, Climatic Change, 91:249-274, 2008
2000 -5 -25
2006 -20 -20
1990 -20 -30
1990 -25 -25
1990 -10 -15
2005 -14 -20
1990 -11 -18
o 2030 RITE
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1 2006 2030

o DOE/EIA  Annual Energy Outlook 2009 with Projections to 2030
http://www:.eia.doe.gov/oiaf/aeo/index.html
450 ppm-CO2eq.

2
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- 90 18% 16% 76 US2007$/bbl
- 90 11% 21% 71 US2007$/bbl
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1 20%

GDP
A1.3% A5.9%
A4.5%
A 10%+ [A] A 1.4% .
A15% 23%
A4.3%
[B] A1.0%
26%
A5.6% A 15.9%
A 14.8%
[A] A5.8%
A 25% 7%
A 14.5%
[B] A5.2%
9%




1 IEA
WEO2009 Reference Scenario 450ppm
450 Scenario Reference
Scenario 2020 100 US2008%/bbl 450 Scenario
90 US2008%$/bbl RITE
2020 450ppm
Reference Scenario 8 9%(0.8 1.2
US2008%/MBtu ) 23% (24 US2008%$/ton )
— 700 - s Hominal
% Referonce Scenario
S 1751
T wva== Hominal
- 150 - 450 Sconario
S 125 === Roal (52008)
100 4 Reference Scenario
75 esess Roal ($2008)
450 Sconarie
50 -
25
u T T T T T 1
1970 1980 1990 2000 2010 2020 2030
3 IEAWEO2009
2 IEAWEO2009 450ppm Scenario
% difference
from Reference
Seenario
Price Unit 2008 2015 2020 2025 2030 2020 2030
Crude oil |EA import price  barrel 97.19  B6.67  90.00 290.00 90.00 -10 -11
Hatural gas imports
United States MBtu 8.25 1.29 3.15 9.1 10.18 -10
Europe MBtu 1032 1046 1.4 114 114 9 -21
Japan MBtu 12.64  11.91 1246 1246 12.46 9 -21
Steam coal OECD imports tonne 120,59  85.55 80.09 71.46  64.83 -13 -41
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10%
3 10% )
GDP
A13% A5.9%
A5.2%
A 10%+ [A] A13% .
A 15% 12%
A5.1%
[B] A11%
13%
A5.6% A15.9%
A15.3%
[A] A5.7%
A 25% 3%
A15.1%
[B] A5.4%
5%
4 10% )
GDP
A3.1% A45%
A 25%
A42%
A3.2%
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2009 1
o GEM-E3
o
90 A 30%
EUETS
o 2005 GDP 2005 GDP
2005 1990 2005
05 A29% 90 A 25% EU A24% A 34%
o
2005 GDP
EU27 -24% -1.4% -1.2% -0.4% -1.8%
-34% -0.7% -0.8% -0.4% -1.2%
-29% -0.6% -0.6% -0.3% -1.0%
-27% -1.0% -1.0% -0.6% -1.5%

11

1990

19

Commission of the European Communities, Commission Staff Working Document, SEC(2009) 101, Brussels,

28.1.2009
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X 485 5% 243 3% 243 3%
4345 45% 4345 454 4345 45%
799 8% 799 8% 799 8%
691 7% 960 10% 1612 17%
co2 ...955 co2 ...897 co2 ...839
o ...410 o ...399 o ...391
o ...119 o ...104 o ... 90
o ..A73 o ...156 o ...136
GHG o ...196 o ...186 o ... 176
o .57 o ...52 o AT
GHG .75 GHG 171 GHG ..162
GHG ..1,130 GHG ...1,068 GHG ..1,002
o o o
( = [} o
o BEMS ... o BEMS ... o BEMS ...
o o o
o o o
o o o




1500

« 1000

500

2020

1346 1358 1397

1990 | 2000 | 2005 | 2020 | 2020

1130 1067 1001

175

A10% | A15% | A20%
2020 | 2020 | 2020

(=)

21

11

17




A10% A15% A20% A 25%
3 3 3
22 38 40
100% 100%
80%
° 1%/ 1%/
2500 3400 4200
11 13 14
100% 100%
85%
1%/ 1%/
BEMS 30% 40% 40%
6 8 10
24% 44% 44% 53% 54 88%
) 14 31
2800 KW 3700 kKW 5760 7900
20 26 40 55
660 KW 1000 1100 1000 2000
KW KW
50 o8
2010 2020 11




150
m
100 ("10-"20,
50
u
'10-"20,
0 ( )
-50
("21-'30, )
-100
-150
AL10% | A15% | A20% | A10% | A15% | A20%
2010 2020 11
2010 2020

20 1 2030 2020



kL

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

2005

2020

16%

14%

12%

10%

8%

6%

4%

2%

0%



kwh

90 A15
1000 3500 kw 60
2100 kw
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
9,621(100%)
2993 (31%)
1388 (14%)
1241 (13%)
297 (3%)
67 (1%)
4860(51%)
807(8%)
960(10%)
891
o ...385
o ...98
o ...158
o ...190
o ...61




REEORANN

34 A
31
8 7
/ - 16.2 o
N\ 75
6.2 6.2
1.0 3.1
3.4 16.2
5.2 ~ i
8 17% 15 + 10%

$50

20




©2020 A8 52 21 A 15 162
118

2030 2020

10

10

21 3

10




©90 A8
o90 A 15 A?

100
80 -
15
2800 3400
o 20
4200
20
>0 87
15
500 W 1100 9
5 20

2000 18



21 11 20
10%
A 15%
A 20%
1
2005 2020
A10% A15% A20%
kL 35 140 140 685 903 1,930
kw 144 573 573 2,802 3,694 7,900
kL 74 74 74 148 208 208
kw 52 52 52 104 146 146
kL 44 164 164 269 468 957
kw 109 403 403 661 1,100 2,000
kL 252 364 364 586 586 586
kw 223 325 325 523 523 523
kL 16 30 30 99 248 248
kw 11 21 21 70 174 174
kL 1,644 1,771 1,771 1,771 1,771 1,771
kw 20,599 21,559 21,559 21,559 21,559 21,559
kL 142 258 258 258 458 458
kL 687 725 733 839 839 839
1,251 1,755 1,764 2,884 3,710 5,226
2% 3% 3% 5% 7% 10%
2,894 3,526 3,535 4,655 5,481 6,997
5% 6% 6% 9% 10% 13%
2005




8,000

16%

7,000 |

kL

6,000

5,000

4,000

14%

12%

10%

8%

3,000

2,000

1,000
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4%
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0%

HEr—2&oE

BES-AiTE

A0 A15%6 A20% ) AJ0% A1G% A0

Hiry |=ExER

7.4 4.8 162

7.4 4.8 16.2

BEnNER 0.3 0.0 2.1 0.3 0.0 21
ks - IRER 0.3 0.7 0.7 0.3 0.7 0.7
L Sl 3 0.3 0.3 0.3 0.3 0.3 0.3
[ AEa ] 0.6 19 B6 | D6 19 B.6
00 136 308 | 0.0 136 320.8
EHET : HEF
[ _J
. (2009).
6 21 2
10 , http:/lwww.env.go.jp/earth/ondanka/conf_re-lcs/rcm.html.

. (2008).
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EPA
2009 6 27
2020 2005 17% 2050 83% 2020 2005 20%
2050 83% EPA

o ADAGE IGEM

(@]
EPA 2009 Reference Scenario
H.R. 2454 Scenario
H.R. 2454 Scenario without Energy Efficiency Provisions

H.R. 2454 Scenario without Output-Based Rebates

H.R. 2454 Scenario with Reference Nuclear
H.R. 2454 Scenario without Energy Efficiency, Output-Based Rebates, or LDC Allocations 3

H.R. 2454 Scenario with No International Offsets

H.R. 2454 2015 133%/tCO2 2020 16$/tCO2 2030
26 27$/tCO2

+3% +0% +15% +1%
+89%



2005 Dollars | (COze

Allowance Price

5100 Marginal Cost of GHG Abatement Sensitivities
2015 2030 20A0 T D e I = - - i
$80 +—|ADAGE $13 $27 $70 i b B e 12 apace  miem
IGEM %13 %26 %60 Seeri kR 2454w i Ougad Blarsss Finbatins ||_':r_-:_l
$60 +— e 6 HE 2454 w! Fiofimonco Nuckar ! 155
40 4 S B HR 25w EE. OB o LD0 Alceidnons. l1¢:;‘1
'52|’_|n ] ;.IDJI“' E | S=on F HR 2850 wia Il Dt sois m
50 —slCEM_ | W W 3% S0% T0N Do
R
H.R. 2454 2020
$105 2010 2050 $111
2020 $133 2020
$180
ADAGE 2015 2020 2030 2040 2050
Scn. 1 Ref Consumption per Household $92.202 599888 5117973 $140.233 %164 348
% Change -0.08% -0.11%  -031%  -055% -078%
Scn. 2 Consumption Loss per Household | -570 -5105 -5366 -7 -51,287
’ MNPV Cost per HH (5) -$53 -561 -$132 -5170 -$174
Average Annual NPV cost per Household
% Change -006%  -00%%  -031%  -052% -076%
Sen. 3 Consumption Loss per Household | -553 -593 -5369 -5735 51,255
; MPY Cost per HH (3) -540 -554 -$132 -5162 -$170
Average Annual NPV cost per Household | $103]
% Change -009%  -013%  033%  -056% -079%
Sen. 4 Consumption Loss per Household | -584 -5133 -5388 -5787  -51,303
’ MNPV Cost per HH (5) -563 -578 -5139 -5173 -5176
Average Annual NPV cost per Household
% Change -014%  -018%  -043% -067% -092%
Sen. 5 Consumption Loss per Household | -5131 -5180 -5506 -§934  -51,507
’ MNPV Cost per HH (3) -598 -5105 -5181 -5206 -$204
Average Annual NPV cost per Household
% Change -010%  -017%  -0.29%  -051%  -075%
Scn. 6 Consumption Loss per Household | -390 -3172 -5347 -5714  -51,231
; MNPV Cost per HH (§) -567 -5101 -5125 -5157 -5166
Average Annual NPV cost per Household | -$113]
IGEM 2015 2020 2030 2040 2050
Scn. 1 Ref. Consumption per Household 575531 $80507 $91686 $105202 5119168
% Change -003%  -010%  -0.30%  -055% -077%
Scn. 2 Consumption Loss per Household | -521 -584 -5277 -5582 -$912
) MNPV Cost per HH (§) -516 -549 -599 -5128 -5123
Average Annual NPV cost per Household
% Change -0.06%  -017%  -051%  -0.98%  -138%
Sen. 7 Consumption Loss per Household | -545 -5139 -$469  -§1,032  -51,648
; MNPV Cost per HH (§) -534 -581 -5168 -5227 -$223

Average Annual NPV cost per Household




H.R. 2454

2020 0.3%
0.7%

U.S. Energy Intensive
Manufacturing Sector Output

0.2%

0.00% 1

-0.2% -

0.4%

-0.6%

-0.8%

-1.0%

Percentage Change from Reference

-1.2%

w3 =

3 S

®m5cn2 - HR 2454

2030
2040
2050

® Scn4 - HR 2454 - wio Output-Based Rebates

EPA, EPA Analysis of the American Clean Energy and Security Act of 2009 H.R. 2454 in the 111th
Congress, http://www.epa.gov/climatechange/economics/pdfs/HR2454_Analysis.pdf



CGE

+
90 A10 90 A1l5 90 A20 90 A25 90 A25
90
1
2005 503,187 10 A08 Al3 A21 A3l A24
2020 BaU 610,866 10
A29 A51 A79 All4 A98
12
2005 405116 10 Al2 A20 A30 A45 A35
2020 BaU 481,029 10
2 144 o7 131 12.2 11.0 9.3 105
Al2 Al9 A29 Ad44 A 36
AQ03 A03 AQ4 AQ07 0.2
Al9 A35 A52 AT72 AG4
A20 A28 A37 A49 A39
Al2 A20 A29 A4l A34
ALl7 A29 A42 Ab9 A48
A26 A42 AG1 A84 A78
Al3 A23 A35 A49 A33
CPI
20.4 44.2 77.0 1170 1125
129 27.0 46.1 69.0 60.1
9.0 18.9 334 52.6 439
AG.6 A100 A 136 Al176 A 182
A4l AT74 All4 A159 A192
6.0 7.3 8.6 10.2 10.0
AB1 A120 A159 A199 A201
AQ4 AQ7 Al2 Al7 Al2
3 AQ01 AQ04 AQ08 Al3 Al3
4 A09 Al8 A29 A43 A36
5 10620.0 21940.0 39078.0 63180.0 60635
1 2005 2000
SNA 05 05 GDP 483618
10 SNA GDP
2
GDP 10 co2
7
393,442 10
SNA SNA
3
4 A
5 2005 BaU




CGE

90 A10 90 A15 90 A20 920 A25 # 90 A15 90 A25
90
A09 Al4 A29 A32 AQ7 A27
Al2 A20 A35 All12 All A 3.6
* AQ06 Al3 A3l A34 AQ02 A25
o 2 14 10.7 9.9 79 75 11.2 8.5
All Al18 Ad4 A40 A03 A30
A0.6 0.1 A02 AQ04 1.1 1.6
A01 A01 A02 A23 A01 A02
Al19 Al9 A34 A40 Al2 A37
Al10 Al4 A25 A32 A01 AQ04
A08 A09 Al9 A3l 0.7 0.8
A35 A43 AG.2 A80 A29 A4l
0.9 0.8 0.9 0.5 2.3 3.3
CPI 0.6 0.8 1.0 5.9 0.7 1.3
12.8 19.6 43.6 113.6 5.2 30.9
55 9.1 22.3 93.2 A34 115
23.2 28.4 63.9 174.0 135 91.2
Ab3 AbS4 A6GS5 A 8.6 Ab2 A70
A113 A139 A16.2 A16.3 A125 A165
7.0 10.0 13.8 13.9 10.0% 14.2%
A69 A71 A71 A98 A74 A92
AQ04 A0.6 A0.6 AQ7 A0.6 AQ7
1105 1105 1105 1105 1105 1105
8678.0 10252.0 23869.0 52438.0
2000
(
A 15% A26% A 25%
10.9% 90  15% 5961 /tCO2 25%
8558 /tCO2
A25 A25
A20
A 25% 2010-2020 1.6%

A 20%




KEO

1960

CGE

N T 90  al5 90 a2 90 a2 90 a1l 90 a2
90
A 13 A 22 A 36 A 56 A 03 A 6.1
A 70 A 105 A 1438 A 195 A 07 A 214
* A 59 A 86 A 120 A 159 A 14 A 162
o 2 260 186 152 109 6.0 243 55
A4l A 60 A 84 A 112 A 12 A 122
6.5 8.3 8.3 6.6 16 3.9
A 48 A 74 A 99 A 124 A 02 A 102
A 50 A5 A 107 A 142 A 05 A 154
A 34 A 53 A 77 A 107 A 04 A 112
A 38 A 6.1 A 89 A 121 A 02 A 120
A 78 A 122 A 171 A 223 A 05 A 225
42 5.7 6.3 65 10 6.1
cPl 08 16 24 35 A 02 2.2
371 56.2 769 973 2.9 937
267 406 559 717 2.1 69.7
357 554 788 105.3 26 103.9
A 117 A 166 A 214 A 261 ALl A 263
A 55 A 78 A 100 A 119 A 05 A 117
A 45 A 638 A 95 A 125 A 04 A 128
A 14 A 21 A 31 A 44 A 02 A 44
A 40 A 6.1 A 88 A 120 A 07 A 121
05 0.8 12 19 0.2 19
A 03 A 04 A 05 A05 A 00 A 04
1174 117.4 117.4 117.4 117.4 117.4
30303 46,764 66,093 87,667 2,232 87917
2000
KEO 90
4 31 /tC02

KEO

0.3

KEO

25

0.7 10 18

A20

Al0
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®
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[
21
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MIROC3.2-hires

2009 4 14
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Stern, 2006
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1 1
17
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2008. (http://www.nies.go.jp/s4_impact/pdf/20080529report.pdf)

2009.
(http://mvww.nies.go.jp/s4_impact/pdf/20090612.pdf)
IPCC Fourth Assessment Report: Climate Change 2007.
Stern, N., (2006), The Economics of Climate Change. The Stern Review. Cambridge
University Press, Cambridge and New York. 692 pp.
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Y "World Energy Outlook 2009”

http://www.worldenergyoutlook.org/docs/weo2009/WEO2009_es_japanese.pdf
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World Energy Outlook 2009 Presentation to the Press London, 10 November 2009
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