(SEI) 2009 11

Europe’s Share of the Climate Change
Domestic Actions and International Obligations to Protect the Planet
By Stockholm Environment Institute (SEI) (Nov. 2009)

Charles Heaps, Peter Erickson, Sivan Kartha, Eric Kemp-Benedict

ATOE KGR M
ENVIROXMENT
INSTITUTE

Europe's Share of the Climate Challenge
Domesfic Actions and Intemational Obligations to Protect the Flanet

PP\
0,

e ”




............................................................ 5

B e 9

OO P OO UTP P PR PPPPPPRRRPPPPIR 12

B /OO PR PPPPPPURPPPPRt 14

S PP PRPPPPPPORUPPPN 16

ettt e e et ettt e e et e eeta e eeeeaaas 18

e ettt e ettt e ettt e e et e e eeaa e eeeaaans 19

/ST UOPUTRUPPPP RS UPPPPTR 24

S PP OO P PP PPPP PRSP PPPPPRR 28

A ettt e et e ettt e e et e eetaa e eeaaaans 35

5 OO PUPPPPR 35

S O PO U U PP PPPP PRSP TPPPPPPR 40

4.7 (CHP) oottt 50

s OO PPPPRO R PPPPPPR 52

S OO OO PPPPP RS TPPPPPPR 52

A0 ettt e et e et e e et e e eeaaaas 54

OO PP UUPPPPR 56

B, et e et e e et e e et e eeaaaas 57

ettt e et e ettt ettt e e et e etta e aeaaaans 62

7 PO UPPP PRSP UPPPPR 64

S PO PP U PP PP PR PPPPPPRR 68

9.1. SEI LEAP 68

LS /OO PPP PSR UPPPPPR 69

SEI www.sei-international.org

=T STOCKHOLM Stockholm Environment Institute
:'LISEI ENVIRONMENT o

P INSTITUTE Kriftriket 2B, SE 106 91 Stockholm, Sweden

Tel: +46 8 674 7070 Fax: +46 8 674 7020 www.sei-international.org

E——— Friends of the Earth Europe

O g::‘;‘f:erth Mundo-B Building, Rue d'Edinmbourg 26, 1050 Brussels, Belgium

Tel: +32 2 893 1000 Fax: +32 2 893 1035 info@foeeurope.org www.foeeurope.org

2



(p.1)

1.
2
EU27
1990 2020 40% 2050 90%
GDRs Greenhouse Development Rights
(Baer et al, 2008)
2020 1,500
4,500 2020 EU GDP 13 6000
1.1% 3.3%
Friends of the Earth (FoE)
CCS
EU
2020 40% 1
BAU Business as Usual
GDP
2008 2050 GDP 1.8
1 2030



EU

2050

EU

1-3%

1.6

EU
CHP
20-30
(David Mackay, 2009)
2020 40% 2050 90%
2010-2020 2
GDP

GDP

2020

2%



(P.3)

2.
19 0.75
21
5
4-7 (IPCC, 2007)
2
(MEF) — EU
- 2
IPCC 4 (IPCC, 2007)
2
2
0.75
450ppm CO2
2 80
8 (LDC)
1.5
1.5 2



22050

1
60
== 2"'C emergency pathway
50 = Mon-Annex | emissions
. = =Annex | emissions
2 40
@
o
o 30
0
e
= 20
o
-
.E 10
z 0
1990 2000 2010 2020 2030 2040 2050
2
CO2 420ppm 350ppm 3 2015
2050 1990 80%
1.5 2
15-30% IPCC 2
4
EU
2012 5% 2020
1990 40% 2050
2 UNFCCC
5 1 4 3
3 Cc02 Cco2
350ppm 1,000
(Solomon et al, 2009, Eby et al., 2009)
4 Baer and Mastrandrea (2006) Meinshausen et
al., (2009)



(2009)

2020 1990 17-24% 5
2020
6 10
3
MDGs 2
5 IPCC (IPCC WG1, 2007; Box TS.1, p.23)
6 2009 8 UNFCCC 3 2 (AOSIS,
2009)  Annexl 10— 16%



EU
2 EU
1
2020 1990 40% 2050 90%
1/3 7
2020
8
1 2
9
7 Meinshausen et al. (2009) Nature 2
21 50 1,000GtCO2
10
60GtCO2 940GtCO2 21
10 280GtCO2 (660GtCO2) 2
(2,000GtCO2 ) 3 1
8 Annex1 2020 40% 2050 95% 660GtCO2 210GtCO2
IPCC 4 Annex1 450ppmCO2e IPCC
WG ,2007; Box 13. 7, p.776 2020 25-40% 2050 80-95%
9 IPCC 4t Assessment Report (IPCC, 2007), the Economics of Climate Change (Stern, 2006)

”Economics of 350” (Ackerman et al., 2009)

8



1990 2020 40% 2050 90%
[ | 6
(p.7)
3.
2020 1990
40 2050 90%
2050
2050
21011 EU27
10 1990 Cco2 4,075MtCO2 IEA (IEA WEO, 2008)
4,040MtCO2 EEA (EEA, 2009) 4,083MtCO2
1990 EEA
LULUCF 5,230MtCO2e (LULUCF 5,563MtCO2¢)
4,786MtCO2e EEA EEA



CO2 CH4 N20

12

4,500
4,000
_’% 3,500 =—Baseline
@, 3,000 —Mitigation
S 2,500
g 2,000
c
E 1,500
E 1,000
= 500
E 0
1890 2000 2010 2020 2030 2040 2050
2050
_ 2030
EC,2008 — IEA
EU27
—EC IEA —
IEA
2050
1990 2020 40% 2050
11 IEA, EC EEA EU
-EU
SEI
1992 2004 5% CO2
18% (Wiedmann, 2008)
12 LEAP WWW.energycommunity.org

10



2050

40 1969

10

20-30

11

2050

MacKay 2009

EU



2020
4.10
(.9
3.1.
FoE
EU
CCS
2020 40%
2030
CcO2

12



CCS

CCS
CCS
CO2
CCS
R&D
EE
RE EE
FoE Europe
2050
EU

CO2

CCS

CO2

CO2

CCS

RE

13

CCS
CO2
CO2
CO2
R&D
RE
CCS
2050
2050

CO2



EU

EU
(p.10)
3.2.
GDP 2008 2050 1.8
2050 EU27
2008 EU
1 3,350 1 =120 40.2
75,600 1 =120 907.2 2050
148,000 1 =120 1,776
44,000 64,000 1 =120
528 768
GDP GDP
GDP
Rockstorm et al, 2009
GDP
EU27 GDP
2008 2050 1.8
1.6
3 EU GDP
EU
2050 90%

EU

14



3 GDP

25,000
23,000 500
o 21,000
3 19,000 400
o 17,000 200
2 15,000 @
(=1
S 11,000 — Baseline GDP g
= 9,000 — Mitigation GDP 100 §
g 7.000 Population =
2 5000 0 E
1990 2000 2010 2020 2030 2040 2050
EU
4
EU 24,000
2050 40,000
4

Less than 10.0 thousand EUR.-'c:z!p
10.0-15.0 200-25.0 EM300-35.0 EM400-450
15.0-20.0 | 25.0-30.0 HE35.0-4300 [EM45.0-50.0 or greater

|

2050 Mitigation

15



2050 47,000

EU
GDP
Diener and Suh, 2000
Kahneman et al, 1999
(p.12)
3.3.
2050

2050
EU

16

GDP
GDP

Layard, 2003, 2005;

2050



CHP

17



(p.14)

2010 2030

18

4.6



IPCC Tier 1
2 2050

LEAP

SEI

Economy’ (Nilsson et al, 2009)

(p.14)
4.1.

19

EU27
SEI LEAP
Annex 9.1

‘A European Eco-Efficient

1990



PJlyr

PJiyr

13,000
12,000
11,000
10,000
9,000
8,000
7.000
6,000
5,000
4,000
3,000
2,000
1.000

=]

6,000
5,500
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

50

=]

4.1.1.

1890 2000 2010 2020 2030

EU

2040 2050

(Federcasa, 2006)

20

M Biomass

M Coal

I Elactricity
Heat

I Natural gas

M Gil

I Solar thermal

I Coal
Il Electrcity

I Matural gas
I oi



IEA (2008a) Vattenfall (2007) Mackinsey (2009a)

Vattenfall (2007) IEA (2008a)

15kWh/m2
3 (IEA, 2008a) 2011
15kWh/m2
90% 5% 18
27kWh/m2
13
(CHP) (
)
75% CHP
14
CHP
(IEA, 2009)
2050 2005 EU27
1990 76m2 2005 87m2
13 27kW/m2 McKinsey & Company 2009 Passive House Institute (2009)
14 : McKinsey & Company (2009a) IEA (2008)
27kW/m2
15kW/m2

21



2020 100m2
2050 8Tm2 2005
1990 2.7 2005 2.4 UN

2030 2.1

CHP

13,000

12,000 P

11,000 i

10,000
9,000 —
8,000

7.000

6,000 I [ “Avoided vs. Baseling”
5,000 : ; M Biomass
4,000 oy et
Electrici
3,000 = Haat Y
2,000 . = Matural gas
1,000 o
; . I solar thermal

1990 2000 2010 2020 2030 2040 2050

PJiyr

5,500

5,000

4500

4000

3,500 T

3,000 P

2.500 [ Avoided vs. Baseling”
2,000 M Biomass

1,500 I I I ={I';::de

1,000

Heat
I Natural gas
EE o

1890 2000 2010 2020 2030 2040 2050

PJlyr
]
(=]

(p.17)

22



4.1.2.
(EPBD)
(APEE)
EPBD Action plan

2020
40%
® EU Energy Performance of Buildings Directive
(90%) ( 5%)
EPBD 1000m2
EU
APEE
2020 40%
[ ]
90%
[ ]
2020
(p.18)

23



4.2.

2005 Cc0O2
12% 15
9
2050

9

14,000 l

Rt R R R 5

10,000 -

I Iron and steel

8,000 Chemicals
I Mon farrous metals
Il Mon metallic minerals

6,000 Transport equiprment
Machinery

- - Mining and quarrying
4,000 - - - - Il Food and tobacco

Paper pulp and print
- Il Wood and wood products

2,000 B Construction
— - - - - - _ Il Texties and leather
5‘ MNon spedfied
1990 2000 2010 2020 2030 2040 2050
15
IEA
2
SEI
1992 2004 5% CO2
18% (Wiedmann, 2008)

24



42.1

10 11

14,000

12,000

10,000

8,000

6,000

4,000

2,000

PJlyr

14,000

12,000

10,000

8.000

6.000

4,000

2,000

PJlyr
=]

1980 2000 2010 2020 2030

.........

2050

1990 2000 2010 2020 2030 2040 2050

CO2

CO2

CO2

(DRD)

25

Chemicals
I Non ferrous metals
Il Non metallic minerals
[ Transport equipment
Machinery
Mining and guarrying
Il Food and tobacco
Paper pulp and print
Il Wood and wood products
Il Construction
I Textiles and leather
Mon spedfied

[ *mvoided vs. Baseling”
M Biomass
M Coal
Il Electricity
Heat
T Matural gas
I il



DRI (EAF) EAF

2006 EAF
DRI CO2

DRI EAF

2007 40% World Steel Association, 2008
1
DRI
DRI
DRI
2050
100% 2050
40% DRI 50% DRI
10%
(p.20)
422
CO2
CO2
3 2

(IEA, 2007; 2008a)
CO2 CO2 CO2
Biello, 2008; ENR, 2009;
Hirschler, 2009; Pearce, 2002)

CO2

2020

26



12% 2050 42%

2020 15%
2050 55%
Co2
4.2.3
(IEA, 2007; 2008a)
2020

2006 15% (IEA, 2007)
2050 2006 30%

CHP
4.2.4

CHP
2020
14% 2050 45%
(p.21)
4.25
2050 10 11

27



4.2.6

& Deswarte, 2008)

EU

2020 EU

(p.22)
4.3
2010

1990

(EU-ETS)

40%

ETS

EU CO2 32%

915MtCO2 2005 1221MtCO2

28

(Clark



1990

5% 2005 8%

2020 1,335MtCO2e 2050

1441MtCO2e
12
13
12 13
I Passenger private road
Passenger public oad
Il Passenger rail
8 A watnin EU I Freight inland water
Passenger inland water B Freignt road
9,000 Freight rail
8,000 3,500
7,000 3,000
% 6,000 2,500
£ 5000 5. 2,000
5 4,000 z
E 5,000 ﬁ 1,500
ﬁ 2 000 E 1,000
a < 2
c c 500
g sEER
=, mmmm s
1990 2000 2010 2020 2030 2040 2050 19980 2000 2010 2020 2030 2040 2050
4.3.1
EU
EU
2020 1990
IEA (EUROSTAT) (EC, 2009)

EC (EC, 2008)

29



IEA(2008)

EU
4.3.2
[ ]
2050 2
2005 75%
2020 69% 2050 43%
EU 1,000km 80%
) 2020
1990
1990 50%
2020
[ ]
16 1,000km
EU 20

17

passenger travel

30

EU 1990 72%

2050

16

2020

17

USA

EUROSTAT (EC, 2009)
passenger-km travelled 80% 1,000km
1,000km 100%

passenger-km



2020 21% 2% 78%

2020 30%
2015 19% EU CO2
18 2050
19
°
1 1990 1.7 2006 1.6
(EC, 2009)
2050 1.75
°
EU27 1990 58%
2006 68% (EC, 2009) 2030
® 2050 65%
°
2010 2050 29%
9%
2010 2050 28%
14
18 EU 2015 130g / vehicle-km 2008
160g/vehicle-km 19%
19 IEA (IEA, 2008a)  ”Elictric Vehicle Success”
IEA MacKay (2008)
vehicle-km 4 1

31



20,000
18,000 E
16,000
14,000
12,000
10,000

8,000

6,000

4,000

2,000

0 — —

PJiyT

t-km

(p.24)
4.3.3
°
EU
2010 1 5,600t-km
°
1990
20% 2050 35% 20
°
2050
2015 2030

20 Zimmer and Schmied (2008)

32

1890 2000 2010 2020 2030 2040 2050

I Air international

B Air within EU

B Freight inland water

[ Freight rail

I Freight road
Passanger inland water

B Passenger prvate road

[ Passenger public mad

BB Passanger rail

1 5,000t-km

2005 tkm 73%
2005



2020 2020

20% 21
[ ]
2010 2050 28% 22
15 16
T Awoided vs. Baseline”
Il Passanger private road
Passenger oad
B Passenger ;f‘u i "Avoided vs. Baseline™
I Air within EU = Freight inland water
Passenger inland water Freight road
" Freight rail
9,000 3,500
8,000
7,000 3,000 - -
% 6,000 2,500
E 5000 5 2,000
< 7]
& 4000 £ 150
g 3000 £ 1000
ﬁ_ 2,000 s
5 1,000 § s
B 0 a 0
1880 2000 2010 2020 2030 2040 2050 1990 2000 2010 2020 2030 2040 2050
(p.25)
434
EC
17 18
21 TEA (2008) IEA (2008a)

22 IEA (2008a)

33



thousand PJiyr

{7 myplded ve. Baseline” [ Fraight road " ieavoided vs. Baseline”™

" Adrintemational Passenger inland water Il Biomass
I Air within EU I Passengar private mad I Coal
I Freight inland water Passenger public road 8 Electricity
" Freight rail I Passenger rail ¥ Natural gas
i T I oil
20,000 = & Fd ! 20,000 p— FrE :- :
13.(’00 ““"'! 1 L : | ! t 13,(11] : {
16,&]0 ‘16,000 | I |
14,000 L : 14,000 i |
12000 j 12,000 Lo ]
10,000 10,000 |
8,000 = P
= 8,000 | :
6,000 d 6,000 i
4,000 2 4000 '
2,000 2 2000 I
0 = 0
'1990 2000 2010 2020 203] 2040 2050 1990 2000 2010 2020 2030 2040 2050
2035
EC EC
2007 2020 5,000
2050 2

34



[ ]

(p.26)

4.4

EU
Brown and Elliot(2005)
1.6%

(p.27)

45

CcO2
CcO2
CcO2
CcO2

2.2%

2020 16% 2050 35%

2050
IEA 2006  EU27
GDP
CO2
(CH4) (N20)
4.2.2
EC

35



Aman, 2008

10
2020

2020
10%

451

LULUCF
EEA, 2009

2008
(IPCC, 2007)
2033

LULUCF

2030 —2040

15

2050

(LULUCF)

CO2

LULUCF

LULUCF
IMAGE

IPCC
90MtCO2e 295MtCO2e

European Environmental Agency (EEA, 2006)

CHP

36

EU

60

IPCC

LULUCF

2007

CO2



19 20
! “i*Avoided ve. Baseling”
[ Other industrial processes = (:;::;gnu processes
= Waste [ Waste
Il Cement manufactuns Il Cement manufacture
I Land use change and forestry I Land use change and forestry
1,000 1,000
800 800 o
400 400 i
5 =
B 200 3 200
o} o
o - o
g 0 £
g §
e -
S 200 g 200
2 =
g 00 E 0
1990 2000 2010 2020 2030 2040 2050 1890 2000 2010 2020 2030 2040 2030
(p.27)
45.2
N20
23
[ ]
[ ]
[ ]
N20
[ ]
2020
24
23 Amann et al. (2008)
24 Stehfest et al (2009)

37



60%

N20
N20
26
CO2
(p.28)
45.3
(CH4)
90%
2020
(p.29)
454 CO2
CH4 N20
25 1 1 245 FAO (2007)
Stehfest eral (2009) 1 1 102
69% 1%
26
900
Stehfest et al (2009)
27 Amann et al. (2008)

38

25

US EPA, 2006

27

87% )



455

370MtCO2e 2050

2050

45.6
CO2

® 2013

21

1990 670MtCO2e
183MtCO2e 1990 73%
64% 20

(process standards)

N20 GPS

EU Common Agriculture Policy

39

2020



4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

TWhiyr

0

(p.30)
4.6
4.6.1

21

22

1880 2000

EU

2050

2010 2020 2030 2040 2050

EU

22 2050 EU

2050

40

Il Biomass
Il CHP plants
Coal
Gaothermal
Il Hydro
B Matural gas
Il Nuclear
I cil
Solar PV
I Solar thermal EU
Il Wave and tidal
Wind offshore
I \Wind onshore

2050

CCS

CHP 4.7



4.6.2

2 8 8

o8 885883

41

; +
:ﬁé‘ 5
FoE

CCS

CHP

2050

Il Biomass
Il CHP plants
i Coal
Gaothaermal
Il Hydro
¥ Matural gas
I Nuclear
I oil
.| Solar PV
I8 Solar thermal EU
Il Wave and tidal
I Wind offshore
B Wind onshorae

CHP



2030
2030 10
2020 2030
10
23

CO2

10

2020

5,000
100GW

44GW 2030

42

5MW

2020
92GW

2030

20

2020
25GW

5GW



T Ti"Avoided vs. Baseline”
Il Households
A cul tune:
I Services
B Industry
I Transport
Mon spedfied

3,000

2,500 I I I I I
2,000 . l
1,500
1,000
5 s00
=
0

(p.32)
4.6.3
2010 2020 8% 2050 14%
2010 2020 12% 2050 49%
2010
2020 219% 2050 606% 2010 2020
6% 2050 24%
23 1 EU27
1
German Aerospace Centre (DLR, 2006) 2006
EU27
2006 2009
European Environment Agency (EEA, 2006; 2009)
EEA DLR
DLR EU27
1,332TWh EEA 25,102TWh 3,400TWh
DLR 20
EEA Natura 2000

43



EEA
5.6%
(p.34)
4.6.4
2
o
2050

2030
6.7cent/kWh

25,102TWh
EEA
EEA
1,600TWh
5
(MacKay, 2009) 3
CcO2
2 6300 1/3
2.5KW

44



217GW
(DSM)

DSM

2050

(HVDC)

EU

50%

EU

(HVACQC)
HVAC km
EU
HVDC

45

EU



(CAES)

CAES

CAES

CAES

20%

(MENA)

TWh(DLR, 2006) -

CAES
CAES
) 3
4
C02
(NGCC) CO2
CCS
CSP

DESERTEC

(15%)

HVDC

DESERTEC

CSP 100GW

CSp

46

CAES
2
15%
/ICAES
CAES
CAES
CAES
(CSP)
2050
CSp

MENA



MENA

2030
2050
7.5%
KWh
/CAES
2050
(MSW)
1 2030 EU27

47



2030 Economic

Potential (TWh/yr) Geo- Solar Solar Wind Wind Wave

Country Hydro thermal Biomass thermal PV onshore offshore & tidal Total
Austria 56.0 4.1 101.2 29 56.0 - 220.2
Belgium 0.5 26.7 2.1 425.0 30.0 0.2 484.6
Bulgaria 12.0 0.8 - 2.0 112.0 22.5 149.3
Cyprus 1.0 35 20.0 0.1 25.0 3.0 0.2 52.8
Czech Republic 3.0 58.2 1.1 85.0 = 147.3
Denmark - 291 T3 751.0 420.4 22  1,2040
Estonia 0.4 30.2 597.0 105.1 732.7
Finland 20.0 109.3 ¥ 33590 210.2 20 3,7022
France 72.0 14.1 551.3 234 31150 300.3 12.0 4,088.0
Germany 260 28.2 502.4 234 2,467.0 270.3 7.0 33243
Greece 12.0 04 44.2 4.0 39 372.0 120.1 4.0 569.6
Hungary 4.0 51.9 65.1 2.0 1.0 - 124.0
Ireland 1.3 15.1 1.1 1,315.0 150.1 40 11,4867
Italy 65.0 19.6 288.4 7.0 176 334.0 127.6 3.0 862.2
Latvia 4.0 27.9 593.0 90.1 715.0
Lithuania 1.5 0.8 115.1 442.0 11.3 570.7
Luxembourg 1.0 = 0.8 10.0 = 11.8
Malta 0.5 2.0 0.1 7.0 - 0.1 9.7
Netherlands 0.1 1.3 27.9 4.3 533.0 345.3 1.0 129
Poland 7.0 1.7 457.1 3.7 2,609.0 75.1 1.0 3,153.9
Portugal 20.0 14.1 47.7 142.0 3.9 152.0 52.6 7.0 439.2
Romania 18.0 1.0 - 2.0 99.0 15.0 135.0
Slovakia 6.0 3.1 41.9 2.0 11.0 - 64.0
Slovenia 8.0 0.4 20.9 1.0 2.0 - 32.3
Spain 41.0 28.2 2919 1,278.0 195 682.0 75.1 13.0 12,4287
Sweden 20.0 1.3 157.0 3.7 2,539.0 225.2 20 30182
United Kingdom 8.0 0.3 284.9 7.8 4,409.0 750.7 60.0 5,5208
Total EU27 Potential 477.8 1803 3,2976 14530 130.8 25102.0 3,400.0 118.7 34,160.2
2006 Production 307.7 5.6 46.3 2.5 2.5 82.0 0.5 4471
2050 Mitigation 3992 68.7 1,393.1 295.0 104.3 898.2 700.0 46.6 3,905.1
Production

2050 Mitigation Pro- 84% 38% 42% 20% 80% 4% 21% 39% 11%

duction/Potential (%)

Sources/Notes: EEA (2006) for biomass, EEA (2009) for wind, German Aerospace Centre (DLR, 2006) for all other technologies.
The "Solar Thermal” column indicates the potential for large scale concentrating solar power (C5P) facilities. It does not include the
potential for solar hot water heating in buildings. The table also does not include the potential of C5P from the Middle East and
Morth Africa estimated by DLR at several hundreds of thousands of TWh/yr.

(p.36)
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LEAP

5% 2010
2020 (NPV) 1

9,400

2005 1
Demand-side efficiency investments - €1.84
Transmission and Distribution 1 €0.05
Electric Generation 1 €0.59
Fuel Savings :- €0.54
Total NPV 1 €1.94

2010 2020 GDP (111 )

NPV 1.7%

Ackerman 350ppm

”The Economies of 350: the Benefits and Costs of Climate
Stabilization” (Ackerman et al, 2009)

CO2 350ppm

GDP
2.5%

2.5% GDP 2.5%
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29 28
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—Green Development Rights (GDR)

29 -
GDRs
development threshold
11 US20 13 30
UNFCCC
GDRs
GDRs
GDRs
31
UNFCCC
29 Greenhouse Development Rights Baer et al., (2008)
www.GreenhouseDevelopmentRights.org
30 PPP
Baer et al. (2008)

31 1750

http://cdiac.ornl.gov
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2 2020 EU27 GDRs RCI
RCI
2020 15GtCO2e
Total Obligation MtCO2e
1990
1990 2020
EU27 2020
1990 103%
EU 2020 20%
30%
2
FoE Big Ask
EU 2020
40% UNFCCC
(MRV) (NAMAs)
ODA GNI 0.7% EU
2 ”Domestic Reduction” 3.5
EU 40% EU 2020
MtCO2e 1990
EU 40% 1,713MtCO2e GDRs
EU 4,685MtCO2 1/3
EU 40%
EU
2
“International Obligation 7 MtCO2e
2 2020 2
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Total Domestic International
Obligation Reduction Obligation
Additional  Billion € Billion €

Country RCI% MICO, bf;‘:; mico, b;";';‘: MICO, % below (assuming (assuming

1990 €50/1CO,) €100/1CO,)
Austria 0.6% 91  118% 30 17% 61 100% 3.0 6.1
Belgium 1.0% 140 110% 48 37% 92 73% 4.6 9.2
Bulgaria 0.2% 23 95% 11 83% 12 11% 0.6 1.2
Cyprus 0.0% 6  -24% 5  .50% 1 26% 0.1 0.1
(R:ezsﬁt“c 0.7% 108 82% 69 59% 39 23% 2.0 3.9
Denmark 0.6% 81 112% 37 51% 44 61% 2.2 4.4
Estonia 0.1% 12 105% 5 81% 7 24% 0.3 0.7
Finland 0.4% 63 106% 31 44% 32 61% 1.6 3.2
France 4.2% 616  136% 130 33% 486 104% 24.3 48.6
Germany 7.3% 1,078  116% 351 51% 727 65% 36.4 72.7
Greece 0.5% 81 57% 45 20% 36 36% 1.8 3.6
Hungary 0.3% 40 78% 16 50% 24 28% 1.2 2.4
Ireland 0.3% 48 48% 25 5% 23 43% 1.1 2.3
ltaly 3.4% 493 107% 142 18% 351 89% 17.5 35.1
Latvia 0.0% 7 327% 3 243% 5 83% 0.2 0.5
Lithuania 0.1% 12 92% 6 76% 6 16% 0.3 0.6
Luxembourg  0.1% 12 36% 6  -33% 6 69% 0.3 0.6
Malta 0.0% 2 73% 1 5% 1 78% 0.1 0.1
Netherlands ~ 1.4% 199 90% 80 30% 120 60% 6.0 12.0
Poland 1.1% 159 44% 241 67% 82 -23% 4.1 8.2
Portugal 0.3% 45 64% 14 13% 31 51% 1.5 3.1
Romania 0.2% 34 69% 37 71% 3 1% 0.1 0.3
gt’;:li‘“c 0.2% 30 75% 21 61% 9 14% 0.5 0.9
Slovenia 0.1% 16 54% 15 49% 1 5% 0.0 0.1
Spain 1.9% 281 49% 116 -16% 165 65% 8.3 16.5
Sweden 0.8% 111 239% 25 33% 85 207% 4.3 8.5
Ei’r‘]:edim 5.7% 835  132% 202 41% 633 90% 31.6 63.3
Total EU27  31.9% 4,685  103% 1,713 1% 2,972 62% 148.6 297.2

Results are shown as a “Total Obligation” in both MICO,e and as a percent reduction below 1990. The “Domestic Reduction” is
taken from the results of the mitigation analysis presented in Sections 3-5. The “International Obligation” shows the additional miti-
gation, beyond the domestic reductions, that each country would have to undertake through international finance and technology
cooperation to meet its “Total Obligation”.
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9.1. SEI LEAP
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9.2.

Historical Baseline Mitigation
Indicator 1990 2000 2010 2020 2050 2020 2050
Population{Mill) 471 482 495 498 480 498 480
GDP (Trill 2005 PPP Euros) 8 10 12 14 22 14 19
Frﬁuln;ggfppp Euros 71 28 47 27 40
Final Energy by Sector (Thou PJ/yr)
Households 11 12 13 13 13 11 5
Agriculture 1 1 1 1 1 1 0
Services 5 5 & & & 5 3
Industry 14 13 13 12 11 10 5
Transpaort 13 16 18 20 21 14 4
Mon Specified 1 1 1 1 1 1 0
Mon Energy Use 4 5 3 3 5 5 4
Total 49 527 56 57 58 44 22
Final Enargy by Fuel (Theu PJ/yr)
Biomaoss 2 2 2 2 3 2 ]
Electricity 8 ? 11 12 14 12 10
Heat 2 2 2 2 2 2 2
Matural Gas 10 11 12 11 10 10 2
Oil Products 23 26 28 28 28 19 &
Renewables - - - 0 0 1 1
Solid Fuels 5 2 2 2 ] 1 -
Total 49 52 56 57 58 46 22
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Histerical Baseline Mitigation

Indicater 1990 2000 2010 2020 2050 2020 2050

Electric Generation Capacity (GW) not including CHP

Biomass 3 7 15 15 15 12 o
Coal 165 151 154 185 244 103 0
Geothermal 1 1 1 1 1 8 17
Hydro 108 108 111 114 115 114 115
Matural Gas 17 55 88 100 145 &7 0
Muclear 133 134 125 111 114 104 0
il a3 &8 44 44 44 30 0
Solar PV 0 0 4 7 11 27 55
Solar Thermal EU 0 0 0 0 a 3z 73
Solar Thermal Imports 0 0 0 0 0 0 121
Wave and Tidal 0 0 0 1 2 10 21
Wind Offshore 0 0 2 9 a7 101 270
Wind Onshore 13 13 70 110 133 241 47
Wind Onshore w Storage 0 0 1] 0 0 0 484
Total 523 537 626 4699 8a5 831 1212
Electric Generation [TWh/yr)

Biomass 9 25 45 45 45 38 26
CHP Plants 387 457 599 630 &11 497 344
Coal 790 730 498 799 1,039 457 -
Geothermal 3 5 & & 7 35 &9
Hydro 284 3480 aa1 398 413 419 390
Matural Gas 102 314 437 509 716 347 -
Muclear 778 038 oo 791 824 451 -
il 179 147 87 87 20 &0 -
Solar PV - - 7 13 22 53 104
Solar Thermal EU - - - - - 65 139
Solar Thermal Imports - - - - - - 228
Waove and Tidal 1 1 0 2 4 22 47
Wind Offshore - - & 25 93 285 700
Wind Onshore 1 24 128 203 250 487 85
Wind Onshore w Storage - - - - - - 04
Total 2536 3001 3295 3,508 4114 3,417 3,047
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Histerical Baseline Mitigation

Indicater 1990 2000 2010 2020 2050 2020 2050

Primary Energy (Thou PJ/yr)

Biomass 2 3 5 & 7 7 5

Ceal 18 12 11 12 12 5 -

Geotharmal - - - - - 0 1]

Hydro 1 1 1 1 2 2 1

MNatural Gas 12 16 18 18 18 15 4

Muclear 9 10 10 9 9 7 -

Ol 27 30 30 30 30 20 &

Oiher fuels 1] - 1 ] ] 1 1]

Solar - - 0 a 0 1 2

Wave and Tidal - - - - - 0 0

Wind - 0 1 1 1 3 &

Total &9 73 7 78 79 &0 25

GHG Emissions (MiCO_e)

Energy Demand 2404 2393 2449 2440 2288 1650 259
Households 525 487 484 450 349 332 4
Industry &57 524 458 414 310 294 77
Services 198 152 170 159 114 &7 0
Transport !5 1136 1273 1335 1447 Q02 159
Other 109 Q2 85 80 53 54 18

Energy Transformation 1712 1519 1512 1380 1718 789 108
Electric Generation 1147 1084 1022 1064 1221 649 o7
Heat Production/CHP 523 3g0 444 471 453 111 7
il Refining/Crher 42 45 45 45 44 28 4

Mon-Energy Sector &70 437 415 502 506 370 183
Cement Process Emissions 119 116 124 139 179 122 75
Orher Industrial Processes 127 65 58 43 17 43 17
Agriculture 579 491 482 452 408 363 213
Land Use Change and Forestry -330 37 -357 -234 -153 -234 -153
Waste 176 136 109 a1 55 77 30

Total 4786 4349 4395 4521 4511 2808 549

% Reduction vs. 1990 0% 0% 8% &% &% 41% 89%
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Historical Baseline Mitigation

Indicator 1990 2000 2010 2020 2050 2020 2050

GHG Emissions (MiCO,e)

Austria 61 65 74 80 78 50 5
Belgium 126 136 121 127 137 79 20
Bulgaria 104 36 29 29 15 17 -1
Cyprus 5 9 11 13 15 8 3
Czech Republic 169 122 124 138 133 69 17
Denmark 72 69 73 72 73 35 9
Estonia 29 9 8 11 11 5 -1
Finland 52 40 53 60 68 29 -1
France 468 475 449 446 440 315 76
Germany 1117 930 894 902 897 551 84
Greece 99 117 120 123 122 79 18
Hungary 87 69 62 60 55 44 12
Ireland 54 68 74 76 83 51 13
ltaly 396 419 473 467 493 324 58
Lertviar 5 -14 -13 -5 -1 -8 -8
Lithuania 40 11 14 15 13 9 2
Luxembourg 9 11 17 18 19 13 2
Malta 1 1 2 3 2 1 0
Netherlands 198 216 215 218 239 139 30
Poland 356 265 317 359 304 118 34
Portugal 60 81 72 67 60 52 12
Remania 201 85 80 96 73 59 12
Slovak Republic 66 37 39 47 39 26 8
Slovenia 16 16 16 24 25 8 2
Spain 253 355 405 411 438 295 71
Sweden 41 49 45 53 64 28 3
United Kingdom 700 670 621 613 614 411 69
Total 4786 4349 4396 4521 4511 2808 549
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