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ΔΔ TemperatureTemperature
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Long-term mitigation: stabilisation  and 
equilibrium global mean temperatures
● The lower the stabilisation level the earlier global 

CO2 emissions have to peak

-5

0

5

10

15

20

25

30

35

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

W
ol

d 
C
O
2 

Em
is

si
on

s 
(G

tC
)

E: 850-1130 ppm CO2-eq

D: 710-850 ppm CO2-eq
C: 590-710 ppm CO2-eq

B: 535-590 ppm CO2-eq

A2: 490-535 ppm CO2-eq
A1: 445-490 ppm CO2-eq

Stabilization targets: 
Post-SRES (max)

Post-SRES (min)

-5

0

5

10

15

20

25

30

35

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

W
ol

d 
C
O
2 

Em
is

si
on

s 
(G

tC
)

E: 850-1130 ppm CO2-eq

D: 710-850 ppm CO2-eq
C: 590-710 ppm CO2-eq

B: 535-590 ppm CO2-eq

A2: 490-535 ppm CO2-eq
A1: 445-490 ppm CO2-eq

Stabilization targets: 
Post-SRES (max)

Post-SRES (min)

Multigas and CO2 only studies combined



NakicenovicNakicenovic ##77 20072007

World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)

Emissions without climate policyEmissions without climate policy

Baseline
Baseline

“Mitigation”

“Mitigation”



NakicenovicNakicenovic ##88 20072007

World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)

Baseline
Baseline

“Mitigation”

“Mitigation”



NakicenovicNakicenovic ##99 20072007

World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)

Baseline
Baseline

“Mitigation”

“Mitigation”



NakicenovicNakicenovic ##1010 20072007

World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)

Baseline
Baseline

“Mitigation”

“Mitigation”



NakicenovicNakicenovic ##1111 20072007

World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)

Clim
ate

 P
oli

cy

Clim
ate

 P
oli

cy

Baseline
Baseline

“Mitigation”

“Mitigation”



NakicenovicNakicenovic ##1212 20072007

World GHG EmissionsWorld GHG Emissions
IIASA B1 ScenarioIIASA B1 Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)



NakicenovicNakicenovic ##1313 20072007

World GHG EmissionsWorld GHG Emissions
IIASA B1 ScenarioIIASA B1 Scenario

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0 Baseline: carbon intensity
improvement
Baseline: energy intensity
improvement
Energy conservation and
efficiency improvement
Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
nn

ua
l G

H
G

 e
m

is
si

on
s 

(G
tC

 e
qu

iv
)



NakicenovicNakicenovic ##1414 20072007

Primary energy - A2r

0
200
400
600
800

1000
1200
1400
1600
1800
2000

1640 1390 1090 970 820 670
ppmv - CO2 Equivalent

EJ

2030
2100

Primary Energy in A2rPrimary Energy in A2r



NakicenovicNakicenovic ##1515 20072007

Primary energy - B1

0
200
400
600
800

1000
1200
1400
1600
1800
2000

800 670 590 520 480
ppmv - CO2 Equivalent

EJ

2030
2100

Primary Energy in B1Primary Energy in B1r

9701640 1390 1090



NakicenovicNakicenovic ##1616 20072007

Energy SystemEnergy System

Extraction and treatment

Primary energy

Conversion tec hnologies

Distribution technologies

Final energy

End-use technologies 1

Useful energy

End-use technologies 2

Energy services

Natural gas well 

Energy 
Sector

End-uses

Performance
metric

The
energy chain Examples Sectors

Natural gas

Power plant

Electricity grid

Electricity
First or sec ond law
thermodynamic
efficiency 

Intensity or
efficacy

Electric motors

Motive power

Textile proc essing

Garments

Satisfac tion of human needs

Source: IAC, 2007Source: IAC, 2007



NakicenovicNakicenovic ##1717 20072007

ENERGY

WASTE AND
REJECTED
ENERGY

CARBON
DIOXIDE

EMISSIONS

6.0GtC
2.1GtC

3.9GtC
0.2GtC

3.7GtC 2.3GtC3.4GtC

0.3GtC
5.7GtC

6.0GtC

Conversion

Distribution

End-use

Services

FinalFinal

UsefulUseful

PrimaryPrimary

SecondarySecondary

0.3GtC

400 EJ

300 EJ

280 EJ
130 EJ

150 EJ
150 EJ

20 EJ

100 Gtoe

CARBON CONTENT

400 EJ

120 EJ

250 EJ

Global Energy and Carbon FlowsGlobal Energy and Carbon Flows



NakicenovicNakicenovic ##1818 20072007

Global Global ExergyExergy EfficiencyEfficiency
(as percent of primary (as percent of primary exergyexergy))
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Energy Intensity of GDP and GDP/capEnergy Intensity of GDP and GDP/cap
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Efficiency and Energy ProductivityEfficiency and Energy Productivity
Energy services (not primary energy) are Energy services (not primary energy) are 
indispensable for human well being and prosperity indispensable for human well being and prosperity 
Efficiency potential is huge and comparable to the Efficiency potential is huge and comparable to the 
magnitude of fossil resourcesmagnitude of fossil resources
Energy productivity improvements are in principle Energy productivity improvements are in principle 
not limitednot limited
Technological change essential for increasing Technological change essential for increasing 
efficiencies and reducing energy systems costsefficiencies and reducing energy systems costs
“Upfront” investments increase efficiencies and can “Upfront” investments increase efficiencies and can 
reduce emissions  reduce emissions  
Investment in RD&D and diffusion reduces the costs Investment in RD&D and diffusion reduces the costs 
of innovative and more efficient technologiesof innovative and more efficient technologies
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