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1 Summary

1.1 GHG Emissions
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1.2 CO2 by sector
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1.3 FE by sector

default welfare_mod_namechange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

200

400

600

800

0

200

400

600

800

F
E

 (
E

J/
yr

)

● ● ● ●

GLO

2010 2030 2050 2100

0

200

400

600

800

F
E

 (
E

J/
yr

)

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

OAS REF SSA USA

JPN LAM MEA NEU

CAZ CHA EUR IND

2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100

0

50

100

0

3

6

9

0

20

40

60

0

20

40

0

20

40

60

0

50

100

150

0

40

80

120

0

20

40

60

0

10

20

30

0

5

10

0

5

10

0

30

60

90

120

F
E

 (
E

J/
yr

)
● default welfare_mod_namechange

Industry Buildings Transport

7



CAZ CHA EUR IND JPN LAM MEA NEU OAS REF SSA USA
default

w
elfare_m

od_nam
echange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

50

100

150

0

50

100

150F
E

 (
E

J/
yr

)

Transport Buildings Industry Total

8



1.4 FE per capita (by sector, time domain, area plot)
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1.5 FE per capita (by sector, time domain, line graph)
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1.6 FE per capita (by sector, GDP)
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1.7 FE by carrier
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1.8 FE Industry by carrier
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1.9 FE Buildings by carrier

default welfare_mod_namechange
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1.10 FE Transport by carrier

default welfare_mod_namechange
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1.11 FE CDR by carrier

default welfare_mod_namechange
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1.12 SE Electricity by carrier

default welfare_mod_namechange
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1.13 SE non-electric by carrier

1.14 PE by sector

1.15 PE by carrier
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1.16 CO2 Prices
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1.17 Policy Costs
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2 Macro

2.1 Consumption
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2.2 Population
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2.3 GDP - MER
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2.4 GDP - PPP
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2.5 GDP - PPP per Capita
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2.6 Capital Stock
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2.7 Investments
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2.8 Interest Rate
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2.9 Prices

2.9.1 PE Prices
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2.11 FE intensity of GDP
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2.12 Kaya-Decomposition

●●●●●●●●●●●●● ●
●
●

●●
●●●
●●
●●
●

●
●

●

●
●
●●●

●
●

●●

●

●

●

●

●

●●●
●

●

●
●●

●

●

●

●

●

●
●
●
●

●

●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●
●
●

●

●

●

●

●

●●●●●●●●●●●●●

●

●

●
●
●●
●●

●●
●

●
●

●

●

●
●
●
●
●
●

●
●●

●

●

●

●

●

●

●●
●
●

●

●
●

●

●

●

●

●
●

●
●●
●

●

●

●
●

●

●

●

●●
●

●
●
●

●

●

●●

●

●

●

●●
●

●

●
●

●

●

●
●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●
●

●

●●

●

●

●

●

●●

●

●

●●●●●●●●●●●●● ●●●●●●●●●●●●● ●
●
●
●
●●●●●●●●● ●

●

●
●
●●●●●
●●●● ●

●

●

●

●●●●
●●●●● ●

●

●

●

●
●●●
●●●
●● ●

●

●

●

●
●●●
●●●
●● ●

●

●

●

●
●●●
●●●

●● ●

●

●

●

●
●●●
●●●

●● ●

●

●

●

●
●●●

●●
●

●
● ●

●

●

●

●

●●●

●
●
●

●
●

●

●

●

●

●

●●●

●
●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●●●●●●●●●●●●
●●●
●
●
●●●●●
●
●●

●
●●
●

●
●
●
●●
●

●

●●
●
●●

●

●

●

●

●●

●

●

●●
●

●●

●

●

●

●

●
●

●

●

●●
●

●●

●

●

●

●

●
●

●

●

●
●

●

●●

●

●

●

●

●
●

●

●

●
●

●

●●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

●

●●

●

●
●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●●●●●●●●●●●● ●
●
●

●●
●●●
●●
●●
●

●
●

●

●
●
●●●

●
●

●●

●

●

●

●

●

●●●
●

●

●
●●

●

●

●

●

●

●
●
●
●

●

●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●
●
●

●

●

●

●

●

●●●●●●●●●●●●●

●

●

●
●
●●
●●

●●
●

●
●

●

●

●
●
●
●
●
●

●
●●

●

●

●

●

●

●

●●
●
●

●

●
●

●

●

●

●

●
●

●
●●
●

●

●

●
●

●

●

●

●●
●

●
●
●

●

●

●●

●

●

●

●●
●

●

●
●

●

●

●
●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●
●

●

●●

●

●

●

●

●●

●

●

●●●●●●●●●●●●● ●●●●●●●●●●●●● ●
●
●
●
●●●●●●●●● ●

●

●
●
●●●●●
●●●● ●

●

●

●

●●●●
●●●●● ●

●

●

●

●
●●●
●●●
●● ●

●

●

●

●
●●●
●●●
●● ●

●

●

●

●
●●●
●●●

●● ●

●

●

●

●
●●●
●●●

●● ●

●

●

●

●
●●●

●●
●

●
● ●

●

●

●

●

●●●

●
●
●

●
●

●

●

●

●

●

●●●

●
●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●●●●●●●●●●●●
●●●
●
●
●●●●●
●
●●

●
●●
●

●
●
●
●●
●

●

●●
●
●●

●

●

●

●

●●

●

●

●●
●

●●

●

●

●

●

●
●

●

●

●●
●

●●

●

●

●

●

●
●

●

●

●
●

●

●●

●

●

●

●

●
●

●

●

●
●

●

●●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

●

●●

●

●
●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

default welfare_mod_namechange

C
O

2 F
F

&
I/F

E
F

E
/G

D
P

G
D

P
/P

opulation
P

opulation

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0.5

1.0

1.5

2.0

0.25

0.50

0.75

1.00

0

5

10

15

20

25

1

2

3

Year

K
ay

a 
D

ec
om

po
si

tio
n 

[%
]

Region

●

●

●

●

●

●

●

●

●

●

●

●

●

CAZ

CHA

EUR

IND

JPN

LAM

MEA

NEU

OAS

REF

SSA

USA

GLO

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●●

●

●●●

●
●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●●
●

●

●
●
●

●

●

●

●

●

●
●●
●

●

●

●
●

●

●

●

●

●

●
●●
●

●

●

●

●

●

●

●

●

●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●●

●

●●●

●
●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●

●

●

●●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●
●
●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●●
●

●

●
●
●

●

●

●

●

●

●
●●
●

●

●

●
●

●

●

●

●

●

●
●●
●

●

●

●

●

●

●

●

●

●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

default welfare_mod_namechange

C
O

2 F
F

&
I [M

t C
O

2/yr]/F
E

 [E
J/yr]

F
E

 [E
J/yr]/G

D
P

 [billion U
S

$2005/yr]
G

D
P

 [billion U
S

$2005/yr]/P
opulation [m

illion]
P

opulation [m
illion]

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

50

75

100

125

0.000

0.005

0.010

0.015

0.020

0.025

0

30

60

90

0

2500

5000

7500

Year

K
ay

a 
D

ec
om

po
si

tio
n

Region

●

●

●

●

●

●

●

●

●

●

●

●

●

CAZ

CHA

EUR

IND

JPN

LAM

MEA

NEU

OAS

REF

SSA

USA

GLO

66



3 Emissions

3.1 GHGtot

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

● ●

● ●

++
+++++

++++++++++
++++

+
++
+++

++
+++

++
++
++++

++++
++

GLO

20
00

20
40

20
80

0

25000

50000

75000

Year

E
m

i|G
H

G
to

t [
M

t C
O

2−
eq

ui
v/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●●●●●

●

●
●

●
●

●
● ● ●

● ●

●●●●●

●

●
●

●
●

●
● ● ●

● ●

●

●
●

●

● ●

●

●
●

●

●

●
●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

++++++
+++++++++++++

+++++++++
++++
+
+++
+++++
+++++

●
●

●
●

●

●
●

●
●

●
●

●

●
● ●

●

●
●

●
●

●

●
●

●
●

●
●

●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

● ●
●

●
●

● ● ●
● ●

●
●

++++++++++++++++++++++++++++++++++++++
++++++++

●

●
●

●

●

●

●
●

●
●●● ●

●

●

●

●

●
●

●

●

●

●
●

●
●●● ●

●

●

●

●
●

●

●
●

●

●

● ●

● ●

●

● ● ●
●

●
●

●

● ●
●

●
●

●
●

●

● ●
●

●
●

●

●

●

●

●

●

●
●

● ●

● ●
●

●

++++++++++++++++++
+++++++++

++++++++
+++++++
++++

●
●●●●●●

●
●

●●
●

●

●
●

●
●

●●●●●●
●

●
●●

●
●

●
●

●

●

●

●

●
●

●

● ●

● ●

●

●
●

●
●

● ●

●
●

●
●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
+++
+++++
++++++++++++++

++++++
+
++++
+
++++
+
+++
++++

●

●

●●
●

●
●●●●

●
●

●

●

●

●

●

●

●●
●

●
●●●●

●
●

●

●

●

●

●
● ● ● ●

●
●

●

● ● ● ● ●
●

● ●
●

●
●

●
●

●
●

●
●

● ● ●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

+++++++++++++++++
+++++++++

+++++++
++
+++
+++
+++++

●●
●

●
●

●●●●●●●
●

●

●

●

●●
●

●
●

●●●●●●●
●

●

●

●

●

●
●

● ●

●

●

●
●

●

●

●

● ●

●

● ● ●

●

●

●

● ●
●

●
●

● ●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

+++
+++++++++++++++++

++++++++++++
++++++++++

++++

●
●

●●●

●
●●

●
●●

●

●
●

●
●

●
●

●●●

●
●●

●
●●

●

●
●

●
●

●

●

●

● ●

●

●

●
● ● ●

● ●
●

●

●

●

●
●

●

●
● ● ●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●

● ●
●

●

●

+++++++++++++++
+++++++++++

++++++++
+++
+++++++++

●●
●

●
●

●
●

●
●

●
●

●

●
● ● ●

●●
●

●
●

●
●

●
●

●
●

●

●
● ● ●

●
●

●
●

●

●

● ●
●

●

●

●

●

●
●

●

●

●
●

●

●

●
● ● ● ●

●

●

●

● ●

●

● ● ●

●

● ●

●

●
●

●

●

●

●

●++++++++++++++++++++++++++++++++++++++++++++++

●
●

●●●●●
●●●●●

●
●

●
●

●
●

●●●●●
●●●●●

●
●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●
● ●

●
●

●

●

●

● ●
●

●

● ●
●

●
●

●

● ● ● ●
●

●

●

●

●
●

●

●
●

++++++++
++++++++++++++++++++++++++++++++++++++

●●
●

●●●●
●

●●●●
●

●

●

●

●●
●

●●●●
●

●●●●
●

●

●

●

● ●

●
●

●

●

● ●
●

● ● ● ●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

+++++++++++++++++
++
++++
++
+
++
+
+++++
+++
+
++

+
++++
+

●
●

●●
●

●
●

●
●

●
●

●

●
●

●

●

●
●

●●
●

●
●

●
●

●
●

●

●
●

●

●

●
●

●

● ●
● ●

● ● ● ● ●

●

●
● ●

●

●

● ●

●

●

●

●

●

●
●

●

●
●

● ●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

++++++++++++
+++++++++

+
++
+
++

+

++++++++
++++++++
++

●
●

●●●●
●

●
●

●●
●

●

●

●
●

●
●

●●●●
●

●
●

●●
●

●

●

●
●

●
●

●

●

●

●

●

● ●
●

●
●

●
●

● ● ●

●

●
●

● ●
●

●
● ●

●
●

● ●

●

●

●
●

● ●

●

●

●

●

●

●

●
●

●

●

++++++++++++++++++++++++++
++++++++++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0

2000

4000

6000

0

2000

4000

6000

0

5000

10000

0

2000

4000

6000

8000

0

5000

10000

15000

0

500

1000

1500

0

250

500

750

0

5000

10000

15000

0

500

1000

1500

2000

0

5000

10000

15000

0

2000

4000

6000

0

2000

4000

6000

Year

E
m

i|G
H

G
to

t [
M

t C
O

2−
eq

ui
v/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

67



3.2 CO2

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●
●

● ●

++
++++

+++
++++++++

++++
+
++
+++

++
+++

++
++
++++

++++
++

GLO

20
00

20
40

20
80

0

20000

40000

60000

Year

E
m

i|C
O

2 
[M

t C
O

2/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●●●●●

●

●

●

●
●

●
● ● ●

● ●

●●●●●

●

●

●

●
●

●
● ● ●

● ●

●

●
●

●

● ●

●

●
●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

++++++
+++++++++++++

+++++++++
+
+
+
+++++
+++++
++
+
+
+

●
●

●
●

●
●

●
●

●
●

●

●

●

● ●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

● ●
●

●
●

● ● ●
●

●
●

●

+++++++++++++++++++++++++++++++++++++++
+++++++

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●
●

●

● ● ●

●
● ●

●
●

●

●
● ●

●
●

●
●

● ●
●

●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

+++++++++++++
+++++++++++

+++++++++
++++
+++++
++++

●
●●●●●

●
●

●
●●●

●
●

●
●

●
●●●●●

●
●

●
●●●

●
●

●
●

●

●

●

● ●

●

●
●

● ●

●

●
●

●
●

● ●

●
●

● ●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●+++
+++++
++++++++++++++++++++

+
++++
+
++++
+
+++
+
+++

●

●

●
●

●

●
●●●●

●
●

●

●

●

●

●

●

●
●

●

●
●●●●

●
●

●

●

●

●

●
● ● ● ●

●
●

●

● ● ● ● ●
●

● ●
●

●

● ●
●

●
●

●
●

● ● ●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

+++++++++++++++++
++++++++
++++++++
++
+++
+++
+++++

●●

●

●

●

●●●●●●●
●

●

●

●

●●

●

●

●

●●●●●●●
●

●

●

●

●

●
●

● ●

●

●

●
●

●

●

●

● ●

●

● ● ●

●

●

●

● ●
●

●
●

● ●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

+++
++++++++++++++++

+++++
++++++++++++++++++

++++

●

●

●●●

●
●●●

●
●

●

●
●

●
●●

●

●●●

●
●●●

●
●

●

●
●

●
●

●

●

●

● ●

●

●

●
● ● ●

● ●

●

●

●

●

●
●

●

●

●
● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

●

+++++++++
++++++++
++++++++++

+++++++
+++
+++++++++

●●

●

●
●●

●●
●

●
●

●

●

● ● ●

●●

●

●
●●

●●
●

●
●

●

●

● ● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ● ● ●
●

●

●

● ●

●

● ●
●

●

● ●

●

●
●

●

●

●

●

●++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●●●

●
●

●●●●
●

●

●
●

●
●

●
●●●

●
●

●●●●
●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

● ●
●

●
●

●
●

●

●

●

● ●
●

●

● ●
●

●
●

●

● ● ●
●

●

●

●

●

●
●

●

●
●

++++++++
++++++++++++++++++++++++++++++++++++++

●●

●

●
●●

●

●

●
●

●
●

●

●

●

●

●●

●

●
●●

●

●

●
●

●
●

●

●

●

●

● ●

●

●

●

●

●
●

●
● ● ● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

+++++++++++++++
++
++
++++
+
+
+

++
+
+
++
+++
+
+

+

++

+

+
+++
+

●
●●●●

●
●

●
●

●
●

●

●

●
●

●

●
●●●●

●
●

●
●

●
●

●

●

●
●

●

●
●

●

● ●
● ●

● ● ● ● ●

●

●
● ● ●

●

● ●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

● ●

● ●

●

●

++++++++++++
+++++++++

+
++
+
++

+

++++++++
++++++++
++

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●
●

●

●

●

●

●

● ● ●

●

●

●
●

● ● ●

●

●
●

●
●

●

●
● ●

●

●

●
●

●

●

●
●

● ●

●

●

●

●

●

●

●
● ●

●

++++++++
++++++++++++++++

++++++++++
++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0

2000

4000

0

1000

2000

3000

4000

0

3000

6000

9000

0

2000

4000

6000

0

5000

10000

0

500

1000

0

200

400

600

0

3000

6000

9000

12000

0

500

1000

1500

0

5000

10000

0

1000

2000

3000

4000

0
1000
2000
3000
4000

Year

E
m

i|C
O

2 
[M

t C
O

2/
yr

]
Model output

●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

68



●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
● ●

●

●

●

●

●

●
● ●

●

●

●

●

●

●
● ●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
● ●

+++
++++

++++++++++
++++++++

+++++
+++

++
++
++++

++++
+

GLO

20
00

20
40

20
80

0

20000

40000

60000

Year

E
m

i|C
O

2|
E

ne
rg

y 
 [M

t C
O

2/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●●●●●●●
●

●

●

●
●

● ●
●

●

●●●●●●●
●

●

●

●
●

● ●
●

●

●
●

●

●

●
●

●

●

●

●

●

●
●

●

●
● ●

●

●

●
●

●

● ●

●

●

●

●

●

●

●
●

●

●
●

● ●

●
●

●
● ●

● ● ●
●

+++++++
++++++++++++

++++++++
++++++
+++++++++++++

●
●

●
●

●

●
●

●
●

●

●

●

●

● ●

●

●
●

●
●

●

●
●

●
●

●

●

●

●

● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ●

●
●

●
● ●

●
●

●
●

+++++++++++++++++++++++++++++++++++++++
+++++++

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●
●

●

● ● ●

●
● ●

●
●

●

●
● ●

●
●

●
●

● ●
●

●
●

●
●

●

● ●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

++++++++++++++++
++++++++++

+++++++++
++++++
+++++

●
●●●●●

●
●

●
●●●

●

●

●

●●
●●●●●

●
●

●
●●●

●

●

●

●
●

●

●

●

●

●

●

● ●
●

●
●

●
● ●

●

●

● ●

●

●

●

●

●

●

●

●

●
● ● ● ● ●

●
● ●

● ●

●

●

●

●
●

●

●

●+++
+++
+++++++++

+++++++++++++++++++++++++++++++

●

●

●
●

●

●
●●●●●

●

●

●

●

●

●

●

●
●

●

●
●●●●●

●

●

●

●

●

●
● ● ● ●

● ●
●

● ● ● ● ●
●

● ●
●

●
●

●
● ●

●

●
●

●
● ●

● ●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
● ●

++++++++++++++++++
+++++++++++++

+++
+++
++++
+++++

●●

●

●

●

●
●

●●●●●
●

●

●

●

●●

●

●

●

●
●

●●●●●
●

●

●

●

●

●
●

●
●

●

●

●
●

●

●

●

● ●

●

● ● ●

●

●

●

● ●
●

●
●

● ●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

+++
++++++++++++++++

+++++++
++++++++
++++++++
++++

●
●

●●
●

●●●●●●●

●

●

●
●

●
●

●●
●

●●●●●●●

●

●

●
●

●

●

●

● ●

●

●

●

● ●
●

●
●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

●

++++++++
++++++++
++++
+++++++
++++++
+++
++++++++++

●●●●●
●

●
●

●
●

●

●

●

●

●
●

●●●●●
●

●
●

●
●

●

●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●●●●

●
●

●●●
●

●

●
●

●
●

●
●●●●

●
●

●●●
●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●
●

●
● ●

●

●

●
●

●
●

●

● ●
● ●

● ●

● ● ●
●

●

●

●

●

●
●

●

●
●

++++++++
++++++++++++++++++++++++++++++++++++++

●
●

●
●

●

●

●
●

●
●

●● ●
●

●

●

●
●

●
●

●

●

●
●

●
●

●● ●
●

●

●

●
●

●

● ● ●
●

●
●

●
● ● ● ● ●

●
●

●
●

● ●
●

● ●

●
●

●

●
● ●

● ● ● ●

●

●
●

●

●

●

●

●
●

● ● ●

++++++++++++++++
+++++++++++

+++++++++++
++++++++

●
●

●
●

●
●

●
●

●
●

●

●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●
●

●

● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●

● ●
● ● ●

● ●
● ●

●
●

●
● ● ●

●
● ●

●
● ● ●

● ● ● ● ●
●

+++++++++++++++++++++++++++
+++++++++++++++++++

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●
●

●

●

●

●

●

● ● ●

●

●

●
●

● ● ●

●

●
●

●
●

●

●
● ●

●

●
● ●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

++++++++++++++++++++++++
+++++++++

+++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0
1000
2000
3000
4000
5000

0

1000

2000

3000

0

3000

6000

9000

0

2000

4000

6000

0

5000

10000

0

500

1000

0

200

400

600

0

3000

6000

9000

12000

0

250

500

750

1000

0

5000

10000

0

1000

2000

3000

4000

0

1000

2000

3000

Year

E
m

i|C
O

2|
E

ne
rg

y 
 [M

t C
O

2/
yr

]
Model output

●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

69



●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

+++
++++

+++++++
++++

+++
+++

++
+++

++
++
+
++
+
+++

+
++
+++

GLO

20
00

20
40

20
80

0

5000

10000

15000

Year

E
m

i|C
O

2|
E

ne
rg

y|
S

up
pl

y|
E

le
ct

ric
ity

 [M
t C

O
2/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●
●

●

●

●

●

●

●

●

●
●

●
●

● ● ●

●
●

●

●

●

●

●

●

●

●
●

●
●

● ● ●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ●
● ●

●
●

●
●

●
●

●
● ●

+++++++
++++
++++++
++
++++++++
+++
++++++++++++++++

●
●

●
●

●

●

●
●

●
●

●
●

● ●

●

●

●
●

●
●

●

●

●
●

●
●

●
●

● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ●

● ●
● ●

●
● ● ●

●
● ● ● ●

● ●
●

●
●

●
●

●

●
●

●
●

++++++++++++++++++++++++++++++
++++++++++++

++++

●

●

●
●

●

●
●

●●●●
● ●

●

●

●

●

●

●
●

●

●
●

●●●●
● ●

●

●

●

● ● ● ● ●
● ●

●
●

●

●
●

●

●

●
●

●
●

●
● ●

●

●

●

●
●

●

●

● ●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●

+++++++++++++
+++++++++

+++++
+++++++
++++
++++
++++

●

●
●

●
●

●●●●●●● ● ●

●

●

●

●
●

●
●

●●●●●●● ● ●

●

●

● ●
●

●

●

●
● ●

● ●

●
● ● ● ● ●

●

●

●

●

●

●

●

●

●

●

●

● ● ● ● ● ● ● ●
●

●
●

●

●
●

●
● ●

●
●

++++++++++
++++++++++++++++++++++++++++++++++++

●

●

●
●

●

●●
●

●
●

●
●

●

●

●

●

●

●

●
●

●

●●
●

●
●

●
●

●

●

●

●

● ● ● ● ●
● ● ●

● ● ● ● ● ● ● ●
●

●
●

●
●

●
●

●
●

●

●
●

●
●

●
●

●

●

●

●

●

● ●

●

●

● ●

● ●
●

+++++++++++++++++++++++
+++++++++

+++
++++
+++
++++

●

●
●

●

●

●●●●
●●●

●

●

●

●

●

●
●

●

●

●●●●
●●●

●

●

●

●

●
●

●

●

●

●
●

●

● ●

●

●

●

●

●

● ● ●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

+++
++++++++++++++++

+++++
++++++++
+++++
++++
+++++

●

●
●

●
●

●
●●●

●●●

●

●

●
●

●

●
●

●
●

●
●●●

●●●

●

●

●
●

●

●
●

● ●

●

●
●

●

● ●

●
●

●

●

●

● ●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

+++++
++++++
++++
++++++++++++

+++
+++++++
++++
+++++

●●●●
●

●●
●

●
●

●

●

●

●
●

●

●●●●
●

●●
●

●
●

●

●

●

●
●

●

● ● ● ● ● ●
● ● ● ● ●

● ● ● ● ● ●
● ● ● ● ● ●

● ● ● ●
●

●
● ●

● ●
●

● ● ● ●

●
●

●
● ● ● ●

●

+++++++++++++++++++++++++++
+++++++++++++++++++

●
●

●

●●●●
●

●
●

●
● ●

●

●

●

●
●

●

●●●●
●

●
●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

● ●

●

● ●
● ●

●

●

●
●

●
●

● ●
●

●

●

●

●
● ●

●

●

● ●

++
++++
+++
+++++++++++

++++++++++++++++++++++++++

●
●●

●

●

●

●
●●

●
●

●

●

●

●

●

●
●●

●

●

●

●
●●

●
●

●

●

●

●

●
●

●
●

● ● ●
●

●

●
●

● ●
●

● ● ●

● ●

●
●

●
● ●

●

● ●

●

●

●
●

● ● ● ● ●

● ●

● ●
●

●
●

●

● ● ●

+++++++++++++
+++++++++++++

++++++++
++++++++
++++

●
●

●
●

●

●
●

●
●

●

●
●

● ●

●

●

●
●

●
●

●

●
●

●
●

●

●
●

● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

●
● ●

●
●

●
●

●
●

●
●

● ●
●

●
●

●

●
●

●

● ●
●

●
●

●

+++++++++++++++++++++++++++
+++++++++++++

++++++

●

●

●●
●

●
●

●
●●●●

●

●

●
●

●

●

●●
●

●
●

●
●●●●

●

●

●
●

●

●

●

●
● ●

●

● ●
●

● ●

●

●

●
● ●

●

●
●

● ●

●

●
● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

+++
++++++
+++++++++

+++++++++
+++++++
++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0

300

600

900

1200

0

200

400

600

0

1000

2000

3000

0
500

1000
1500
2000
2500

0

2000

4000

6000

0

200

400

0

50

100

150

0

500

1000

1500

0

100

200

300

0

1000

2000

3000

4000

0
250
500
750

1000
1250

0

200

400

600

Year

E
m

i|C
O

2|
E

ne
rg

y|
S

up
pl

y|
E

le
ct

ric
ity

 [M
t C

O
2/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

70



●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
● ●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

+++
++++

+++++++++
+++

++++++++
+++++

++
++
++++

++
++++

GLO

20
00

20
40

20
80

0

20000

40000

60000

Year

E
m

i|C
O

2|
G

ro
ss

 F
os

si
l F

ue
ls

 a
nd

 In
du

st
ry

 [M
t C

O
2/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●●
●●●●●

●
●

●
●

●
● ●

●
●

●●
●●●●●

●
●

●
●

●
● ●

●
●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●
● ●

●

●

●
●

●

● ●

●

●

●

●

●

●

● ●
●

●
●

● ●

●
●

●
●

●
● ● ● ●

+++++++
++++++++++++

++++++++
++++++
+++++++++++++

●
●

●
●

●

●
●

●
●

●

●

●

●

● ●

●

●
●

●
●

●

●
●

●
●

●

●

●

●

● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

●
●

●

●
●

●
●

●
●

●

+++++++++++++++++++++++++++++++++++++++
+++++++

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●
●

●

● ● ●

●
● ●

●
●

●

●
● ●

●
●

●
●

● ●
●

●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

+++++++++++++
+++++++++++

+++++++++
++++
+++++
++++

●
●●●●●

●
●

●
●●●

●

●

●

●●
●●●●●

●
●

●
●●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

● ● ●
●

●

● ●

●

●

●

●

●

●

●

●

●
● ● ● ● ●

● ● ●

● ●
●

●

●

●
●

●
●

●++++
++++
++++++++++

++++
++++++++++++++++++++++++

●

●

●
●

●

●
●●●●●

●

●

●

●

●

●

●

●
●

●

●
●●●●●

●

●

●

●

●

●
● ● ● ●

●
●

●
● ● ● ● ●

●
● ●

●
●

●
●

●
●

●

●
●

● ● ●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

+++++++++++++++++
++++++++
++++++++
++
+++
+++
+++++

●●

●

●

●

●
●

●●●●●
●

●

●

●

●●

●

●

●

●
●

●●●●●
●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●

● ●

●

● ● ●

●

●

●

● ●
●

●
●

● ●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

+++
++++++++++++++++

+++++
++++++++++++++++++

++++

●
●●●

●
●●●●●●●

●

●

●
●

●
●●●

●
●●●●●●●

●

●

●
●

●

●

●

● ●

●

●

●
● ● ●

● ●

●

●

●

●

●
●

●

●

●
● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

++++++++
+++++++++

++++++++++
+++++++
+++
+++++++++

●●●●●
●

●
●

●
●

●
●

●

●

●
●

●●●●●
●

●
●

●
●

●
●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●●●●

●
●●●●

●
●

●
●

●
●

●
●●●●

●
●●●●

●
●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

● ●
●

●
●

●
●

●

●

●

● ●
●

●

● ●
●

●
● ●

● ● ●
●

●

●

●

●

●
●

●

●
●

++++++++
++++++++++++++++++++++++++++++++++++++

●
●

●
●

●

●

●
●

●
●

●● ●
●

●

●

●
●

●
●

●

●

●
●

●
●

●● ●
●

●

●

●
●

●

● ● ●

●
●

●

●
● ● ●

●
●

●
●

●
●

● ●
●

●
●

●
●

●

●
● ●

● ● ● ●

●

●
●

●

●

●

●

●
●

●
● ●

++++++++++
+++++++++++++++

+++++++++
++++++++
++++

●●
●

●
●

●
●

●
●

●

●

●

●

● ●

●

●●
●

●
●

●
●

●
●

●

●

●

●

● ●

●

● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●

● ●
● ● ●

●
●

●
●

●
●

●
● ● ●

●
● ●

●
● ● ●

● ●
●

●
●

●

+++++++++++++++++++++++++
+++++++++++++++++++

++

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●
●

●

●

●

●

●

● ● ●

●

●

●
●

● ● ●

●

●
●

●
●

●

●
● ●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

++++++++
++++++++++++++++

+++++++++
+++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0

2000

4000

0

1000

2000

3000

0

3000

6000

9000

0

2000

4000

6000

0

5000

10000

0

500

1000

0

200

400

600

0

3000

6000

9000

12000

0

250

500

750

1000

0

5000

10000

0

1000

2000

3000

4000

0

1000

2000

3000

4000

Year

E
m

i|C
O

2|
G

ro
ss

 F
os

si
l F

ue
ls

 a
nd

 In
du

st
ry

 [M
t C

O
2/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

71



●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
● ●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

+++
++++

+++++++++
+++

++++++++
+++++

++
++
++++

++
++++

GLO

20
00

20
40

20
80

0

20000

40000

60000

Year

E
m

i|C
O

2|
F

os
si

l F
ue

ls
 a

nd
 In

du
st

ry
 [M

t C
O

2/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●●
●●●●●

●
●

●
●

●
● ●

●
●

●●
●●●●●

●
●

●
●

●
● ●

●
●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●
● ●

●

●

●
●

●

● ●

●

●

●

●

●

●

● ●
●

●
●

● ●

●
●

●
●

●
● ● ● ●

+++++++
++++++++++++

++++++++
++++++
+++++++++++++

●
●

●
●

●

●
●

●
●

●

●

●

●

● ●

●

●
●

●
●

●

●
●

●
●

●

●

●

●

● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

●
●

●

●
●

●
●

●
●

●

+++++++++++++++++++++++++++++++++++++++
+++++++

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●

●
●

●
●

●
●

●
●

●
●● ●

●

●

●

●
●

●

● ● ●

●
● ●

●
●

●

●
● ●

●
●

●
●

● ●
●

●

●

●
●

●

● ●
●

●

●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

+++++++++++++
+++++++++++

+++++++++
++++
+++++
++++

●
●●●●●

●
●

●
●●●

●

●

●

●●
●●●●●

●
●

●
●●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

● ● ●
●

●

● ●

●

●

●

●

●

●

●

●

●
● ● ● ● ●

● ● ●

● ●
●

●

●

●
●

●
●

●++++
++++
++++++++++

++++
++++++++++++++++++++++++

●

●

●
●

●

●
●●●●●

●

●

●

●

●

●

●

●
●

●

●
●●●●●

●

●

●

●

●

●
● ● ● ●

●
●

●
● ● ● ● ●

●
● ●

●
●

●
●

●
●

●

●
●

● ● ●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

+++++++++++++++++
++++++++
++++++++
++
+++
+++
+++++

●●

●

●

●

●
●

●●●●●
●

●

●

●

●●

●

●

●

●
●

●●●●●
●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●

● ●

●

● ● ●

●

●

●

● ●
●

●
●

● ●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

+++
++++++++++++++++

+++++
++++++++++++++++++

++++

●
●●●

●
●●●●●●●

●

●

●
●

●
●●●

●
●●●●●●●

●

●

●
●

●

●

●

● ●

●

●

●
● ● ●

● ●

●

●

●

●

●
●

●

●

●
● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

++++++++
+++++++++

++++++++++
+++++++
+++
+++++++++

●●●●●
●

●
●

●
●

●
●

●

●

●
●

●●●●●
●

●
●

●
●

●
●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●●●●

●
●●●●

●
●

●
●

●
●

●
●●●●

●
●●●●

●
●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

● ●
●

●
●

●
●

●

●

●

● ●
●

●

● ●
●

●
● ●

● ● ●
●

●

●

●

●

●
●

●

●
●

++++++++
++++++++++++++++++++++++++++++++++++++

●
●

●
●

●

●

●
●

●
●

●● ●
●

●

●

●
●

●
●

●

●

●
●

●
●

●● ●
●

●

●

●
●

●

● ● ●

●
●

●

●
● ● ●

●
●

●
●

●
●

● ●
●

●
●

●
●

●

●
● ●

● ● ● ●

●

●
●

●

●

●

●

●
●

●
● ●

++++++++++
+++++++++++++++

+++++++++
++++++++
++++

●●
●

●
●

●
●

●
●

●

●

●

●

● ●

●

●●
●

●
●

●
●

●
●

●

●

●

●

● ●

●

● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●

● ●
● ● ●

●
●

●
●

●
●

●
● ● ●

●
● ●

●
● ● ●

● ●
●

●
●

●

+++++++++++++++++++++++++
+++++++++++++++++++

++

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●

●

●●●●
●

●
●

●●
●

●

●

●

●

●
●

●

●

●

●

●

● ● ●

●

●

●
●

● ● ●

●

●
●

●
●

●

●
● ●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

++++++++
++++++++++++++++

+++++++++
+++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0

2000

4000

0

1000

2000

3000

0

3000

6000

9000

0

2000

4000

6000

0

5000

10000

0

500

1000

0

200

400

600

0

3000

6000

9000

12000

0

250

500

750

1000

0

5000

10000

0

1000

2000

3000

4000

0

1000

2000

3000

4000

Year

E
m

i|C
O

2|
F

os
si

l F
ue

ls
 a

nd
 In

du
st

ry
 [M

t C
O

2/
yr

]
Model output

●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

72



●
●

● ●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

● ●

●
●

●
●

●

●
●

● ●

●

● ●

● ●

●

● ●

●

●

●

● ●

●

●

●

●
●

●
●

●

●

●

● ●
●

● ● ●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●
●

●

●

++

+

+
+
+
+++++

+

+

+++
+

++

++

+

+

+

+

+

+

+
+

+

++

+
+++++

++

+

+
+

+

++

+

+
++
+
++
++
++
+

+
+

+++

+

++

++

+

+++
+

+
+
+
+
+++

+
+++

+
+++++++++++

++++++++
++

+
+++++

+++++
+++++++++++

++
++++

+++
+
+++++++++

+
++++

+
+++++++++

GLO

20
00

20
50

21
00

0

2500

5000

7500

10000

Year

E
m

i|C
O

2|
La

nd
−U

se
 C

ha
ng

e 
[M

t C
O

2/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+
+
+
+

CEDS
EDGAR_LU
FAO_EmisLUC
PRIMAPhist

●
●

●●●

●

●

●

●●
●

● ● ● ● ●●
●

●●●

●

●

●

●●
●

● ● ● ● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

● ● ●
● ●

●
● ●

●

●
● ●

●
●

● ● ● ●
●

● ●

●

● ● ●
● ●

● ●

●

●

●
●

●

●

●

● ● ● ● ● ●
●

●

●

●

●

●

● ●

● ●

●
●

●

●

●

● ● ● ● ● ● ● ● ● ● ●

●

●

●
●

●
●

●
● ● ●

●

●
●

●
●

●
●

●
●

●

● ● ● ● ● ● ● ● ● ●

● ● ● ● ●

●

●
●

●

●

●

●

●

●
●

++++
++
+
++++++++++++

++++
+
++++
+
+

+
+
+

++

+

+
+
+
++

++
+
+
+

++++++++++++++++++++++++++++++++++++++++++++++++++

+++++
+++++

+++++++++++
+++++++++++++++++++++++++++++++++++

+++++
+++++

●
●

●
●

●

●
●●●●●● ● ● ● ●●

●

●
●

●

●
●●●●●● ● ● ● ●

● ● ● ● ●
● ●

●
●

●
● ●

●
● ● ●

● ● ●
●

● ●
● ● ● ● ●

●
●

●

●

● ●
●

●
●

●

●
●

●

●

●

●

●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ●
● ●

●
●

●
●

●
●

●
● ●

●

● ●

●

●

●

●
●

●
●

●
● ● ● ●

●
●

●

●

●

● ● ● ●
●

●

●

●

●

●

●

●

●

● ● ● ● ●

● ● ● ● ●

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++

+++++++++++++++++
+++++
+++++++++

+++++++++++
++++

+++++
+++++

●
●●●●●●●●●●● ● ● ● ●

●
●●●●●●●●●●● ● ● ● ●

●
● ●

●
●

●
● ● ● ● ●

●

●
● ● ● ● ● ● ●

●

●
● ● ● ● ●

●

●

● ● ● ● ● ● ●

●

●

●
●

● ●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ●

●

●

●
●

●

●
●

●

●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

●

●

●

●

●

●
●

●

●

●

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++

+++++++++++++++++++++++++++++++++++++++++
+++++++++++++++

+++
+
+

++
+
+
+

●●●●●●●
●●●●● ● ● ● ●

●●●●●●●
●●●●● ● ● ● ●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ●

● ● ● ● ●

●

●

● ●

● ●

●

●
●

● ● ● ● ●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●
● ● ● ●

● ● ● ● ●

● ● ● ● ●
●

●

●

● ●

●
●

●

●

●

● ●

●

●

●
●

●

● ●
●

++++++++++
+++++
+++++++++++++

+

+++
+
+

++
+
+

+

+++

+

+
++

+++++++++++++++++++++++++++++++++++++++

+++++++++++
++++++++++

++++++++++++++++++++++++++++++++++++++++++++++
++
++++++++

●●
●

●●●●●●●
●

● ● ● ● ●

●●
●

●●●●●●●
●

● ● ● ● ●

● ●
●

● ●
●

● ●
●

● ● ● ● ● ●
● ● ● ●

●
● ●

●
● ● ● ●

●

●

●
●

●
●

● ●

● ● ● ● ● ● ●
●

●
●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

● ●
● ● ●

● ● ● ●
●

● ●
●

●
●

●

●

●

●

●

●

●

●
●

●
● ●

●

●

● ●
●

●
●

●

●

●

●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++
+++++++++++++++

●●●●●●●
●●●●● ● ● ● ●●●●●●●●
●●●●● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

● ● ●
● ● ● ● ● ●

● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ●

●

●

●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++

++++++++++
+++++

+++++

+++++

●
●

●●
●

●

●●
●

●

●

●

●
●

● ●

●
●

●●
●

●

●●
●

●

●

●

●
●

● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

● ●

●

●
●

●
● ● ●

●

●
●

●

●
●

● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

● ● ● ● ●

●
● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●
●

● ● ●
●

●
●

● ● ● ● ● ● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++

+++++++++++++++

+++++
+++++

●
●

●

●●
●●●

●●●

●

●

●

●

●

●
●

●

●●
●●●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ●
●

●

●

●

● ●

●

● ●

●

●

● ●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

● ● ●

●

● ●

●

●

●

● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
● ● ● ●

●
●

●
●

● ● ●
● ● ● ●

●
●

●

● ●
●

● ● ● ● ●

● ●
●

● ● ●
● ●

● ●
●

● ●

++++++++++++
+
+++++++++++++++

+
+++++++++++++++++

+
++++++++
+++++++++++

++
+
+++++++++++++

+
+
+

+++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++

++++++++
++++++++++

●

●
●

●

●●

●
●●●●● ● ● ● ●

●

●
●

●

●●

●
●●●●● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

●

●

●

●
●

●
● ● ●

● ●
●

●

● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ●
● ● ● ● ● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

●

● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

●

●
●

●
●

● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ●

● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++

+++++++++++++++
+++++
+++++

●
●

●

●

●

●
●

●
●●●●

●
● ● ●

●
●

●

●

●

●
●

●
●●●●

●
● ● ●

●
●

●

●

●

●

●

● ● ●
● ● ●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

● ●

●

●

●

●

●

●
● ●

●

●

●
●

●

●

●

●

●
●

●

● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ●

● ● ●

●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
● ● ● ● ● ● ● ●

●

●

●

●

●

●
●

● ● ●

●

●

●

●

●
●

●
●

●
●

●
●

● ●

● ● ● ● ●

● ● ● ● ●+++++++++++++++++
++
++
++
+
+
+

++
+
+
++
+++
+
+

+

++

+

+
+
++
+++++++++++

+++++++++++++
+
++++
++++++
++

+++

+++++++++++++++++++
+++

++++
+++++++++++++++++

++
+++++
+++
++++++++++++++

+++++
+++++

●

●●

●
●●

●
●

●

●
●● ● ● ● ●

●

●●

●
●●

●
●

●

●
●● ● ● ● ●

●

●

●

●
●

● ●

●

● ●
● ●

●

●

● ● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

● ● ● ● ● ● ●

●

● ● ●

●
●

● ● ●

●
● ● ●

●

● ●
● ● ● ● ● ●

● ● ●
● ●

●
● ●

●
●

●
● ●

● ● ● ● ● ● ● ● ● ●

●
●

● ● ● ●

●

●
●

●
●

●

●

●

●

●

● ●

●

●

● ● ●

●

●

++
+
+++++++++

+

++++++++

+

++

+

++

+

++++
+
+
+
+
+
++
+
++++
++++++++++++

++
+++++
+
++
++
+++++
+++++++
++
+
+++++++++++++

++++++++++
++++++++++++++++++++++

++++++++++++++++++++
++++++++++++++

●

●

●
●

●●●
●●●●

● ●
●

● ●

●

●

●
●

●●●
●●●●

● ●
●

● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

● ●

●
●

●

●

● ●

●

●

●

●

●

●

●

● ●

●

●

●

●

● ●

●

● ● ● ● ●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

● ●

●
●

++++++++++++++++++++++++++++++++++
++
++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++
+++
++
+++++
++++++
++++++
+++

++++++++++++++++
+
+++

+++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
50

21
00

20
00

20
50

21
00

20
00

20
50

21
00

−400
−300
−200
−100

0
100

0

1000

2000

3000

0

1000

2000

3000

4000

−400

−200

0

200

0

500

1000

−150

−100

−50

0

−100

0

100

0
1000
2000
3000
4000

0
200
400
600
800

0
250
500
750

0

100

200

−250
0

250
500
750

1000

Year

E
m

i|C
O

2|
La

nd
−U

se
 C

ha
ng

e 
[M

t C
O

2/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+
+
+
+

CEDS
EDGAR_LU
FAO_EmisLUC
PRIMAPhist

73



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

GLO

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

ar
bo

n 
C

ap
tu

re
 a

nd
 S

to
ra

ge
|F

os
si

l|P
e2

S
e 

[M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

ar
bo

n 
C

ap
tu

re
 a

nd
 S

to
ra

ge
|F

os
si

l|P
e2

S
e 

[M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

74



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

GLO

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

ar
bo

n 
C

ap
tu

re
 a

nd
 S

to
ra

ge
 [M

t C
O

2/
yr

]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

ar
bo

n 
C

ap
tu

re
 a

nd
 S

to
ra

ge
 [M

t C
O

2/
yr

]
Model output

●

●

REMIND default
REMIND welfare_mod_namechange

75



●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

GLO

20
25

20
50

20
75

21
00

−400

−300

−200

−100

0

Year

E
m

i|C
O

2|
C

D
R

|L
an

d−
U

se
 C

ha
ng

e 
[M

t C
O

2/
yr

]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

● ● ● ● ●

●

●

●

●
●

●

●

●

●

●

●

● ● ● ● ●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

● ● ● ● ● ● ● ● ●

●

●

● ●

●

●

●

● ● ● ● ● ● ● ● ●

●

●

● ●

●

●

●

●

●

●

●

●
●

● ● ● ●
●

● ●

●

●

●

●

●

●

●

●
●

● ● ● ●
●

●

●

●

● ● ●

●
● ●

●

●

●
●

●
●

●

●

●

●

● ● ●

●
● ●

●

●

●
●

●
●

●

●
●

●
●

●

● ● ● ● ● ● ● ● ● ● ●

●
●

●
●

●

● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

● ● ● ●

●
● ● ● ● ●

●
●●

●

●

●

● ● ● ●

●
● ● ● ● ●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−50
−40
−30
−20
−10

0

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−100

−50

0

−200

−100

0

−0.9

−0.6

−0.3

0.0

−30

−20

−10

0

−0.050

−0.025

0.000

0.025

0.050

−15

−10

−5

0

−50
−40
−30
−20
−10

0

−3

−2

−1

0

−90

−60

−30

0

Year

E
m

i|C
O

2|
C

D
R

|L
an

d−
U

se
 C

ha
ng

e 
[M

t C
O

2/
yr

]
Model output

●

●

REMIND default
REMIND welfare_mod_namechange

76



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

GLO

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|B
E

C
C

S
 [M

t C
O

2/
yr

]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|B
E

C
C

S
 [M

t C
O

2/
yr

]
Model output

●

●

REMIND default
REMIND welfare_mod_namechange

77



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

GLO

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|E
W

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|E
W

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

78



●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

GLO

20
25

20
50

20
75

21
00

−400

−300

−200

−100

0

Year

E
m

i|C
O

2|
C

D
R

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

● ● ● ● ●

●

●

●

●
●

●

●

●

●

●

●

● ● ● ● ●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

● ● ● ● ● ● ● ● ●

●

●

● ●

●

●

●

● ● ● ● ● ● ● ● ●

●

●

● ●

●

●

●

●

●

●

●

●
●

● ● ● ●
●

● ●

●

●

●

●

●

●

●

●
●

● ● ● ●
●

●

●

●

● ● ●

●
● ●

●

●

●
●

●
●

●

●

●

●

● ● ●

●
● ●

●

●

●
●

●
●

●

●
●

●
●

●

● ● ● ● ● ● ● ● ● ● ●

●
●

●
●

●

● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

● ● ● ●

●
● ● ● ● ●

●
●●

●

●

●

● ● ● ●

●
● ● ● ● ●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−50
−40
−30
−20
−10

0

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−100

−50

0

−200

−100

0

−0.9

−0.6

−0.3

0.0

−30

−20

−10

0

−0.050

−0.025

0.000

0.025

0.050

−15

−10

−5

0

−50
−40
−30
−20
−10

0

−3

−2

−1

0

−90

−60

−30

0

Year

E
m

i|C
O

2|
C

D
R

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

79



default welfare_mod_namechange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

20000

40000

60000

0

20000

40000

60000

E
m

i|C
O

2 
(M

t C
O

2/
yr

)

● ● ● ●

GLO

2010 2030 2050 2100

0

20000

40000

60000

E
m

i|C
O

2 
(M

t C
O

2/
yr

)

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

OAS REF SSA USA

JPN LAM MEA NEU

CAZ CHA EUR IND

2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100

0

4000

8000

12000

0

200

400

600

0

2000

4000

6000

0

1000

2000

3000

4000

0

1000

2000

3000

4000

0

4000

8000

12000

0

5000

10000

0

1000

2000

3000

4000

0

1000

2000

3000

0

300

600

900

0

500

1000

0

2500

5000

7500

10000

E
m

i|C
O

2 
(M

t C
O

2/
yr

)
● default welfare_mod_namechange

CDR|EW CDR|BECCS Land−Use Change Gross Fossil Fuels and Industry

80



CAZ CHA EUR IND JPN LAM MEA NEU OAS REF SSA USA
default

w
elfare_m

od_nam
echange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

5000

10000

0

5000

10000

E
m

i|C
O

2 
(M

t C
O

2/
yr

)

Gross Fossil Fuels and Industry Land−Use Change CDR|BECCS CDR|EW Total

81



●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

GLO

20
25

20
50

20
75

21
00

−20000

−15000

−10000

−5000

0

Year

E
m

i|C
O

2|
C

D
R

|L
an

d−
U

se
 C

ha
ng

e|
C

um
ul

at
ed

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

● ● ● ● ● ●

●

●

●

●

●

●

●
● ●

●

● ● ● ● ● ●

●

●

●

●

●

●

●
● ●

●

● ●
●

●
● ● ● ● ● ● ● ● ● ●

●

●

● ●
●

●
● ● ● ● ● ● ● ● ● ●

●

●

● ● ●
●

●

●
●

●
●

●
●

●

●

●

●

●

● ● ●
●

●

●
●

●
●

●
●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

●

●
● ● ● ● ●

●
●

●
●

●
● ●

●
●

●

●
● ● ● ● ●

●
●

●
●

●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●

●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−600

−400

−200

0

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−600

−400

−200

0

−10000

−5000

0

−20

−15

−10

−5

0

−100

−50

0

−0.050

−0.025

0.000

0.025

0.050

−60

−40

−20

0

−1500

−1000

−500

0

−40

−30

−20

−10

0

−6000

−4000

−2000

0

Year

E
m

i|C
O

2|
C

D
R

|L
an

d−
U

se
 C

ha
ng

e|
C

um
ul

at
ed

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

82



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

GLO

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|B
E

C
C

S
|C

um
ul

at
ed

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|B
E

C
C

S
|C

um
ul

at
ed

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

83



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

GLO

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|E
W

|C
um

ul
at

ed
 [M

t C
O

2/
yr

]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

Year

E
m

i|C
O

2|
C

D
R

|E
W

|C
um

ul
at

ed
 [M

t C
O

2/
yr

]
Model output

●

●

REMIND default
REMIND welfare_mod_namechange

84



●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

GLO

20
25

20
50

20
75

21
00

−20000

−15000

−10000

−5000

0

Year

E
m

i|C
O

2|
C

D
R

|C
um

ul
at

ed
 [M

t C
O

2/
yr

]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ●

●

●
● ●

● ● ● ● ● ●

●

●

●

●

●

●

●
● ●

●

● ● ● ● ● ●

●

●

●

●

●

●

●
● ●

●

● ●
●

●
● ● ● ● ● ● ● ● ● ●

●

●

● ●
●

●
● ● ● ● ● ● ● ● ● ●

●

●

● ● ●
●

●

●
●

●
●

●
●

●

●

●

●

●

● ● ●
●

●

●
●

●
●

●
●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●
● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

●

●
● ● ● ● ●

●
●

●
●

●
● ●

●
●

●

●
● ● ● ● ●

●
●

●
●

●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ●

●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

−600

−400

−200

0

−0.050

−0.025

0.000

0.025

0.050

−0.050

−0.025

0.000

0.025

0.050

−600

−400

−200

0

−10000

−5000

0

−20

−15

−10

−5

0

−100

−50

0

−0.050

−0.025

0.000

0.025

0.050

−60

−40

−20

0

−1500

−1000

−500

0

−40

−30

−20

−10

0

−6000

−4000

−2000

0

Year

E
m

i|C
O

2|
C

D
R

|C
um

ul
at

ed
 [M

t C
O

2/
yr

]
Model output

●

●

REMIND default
REMIND welfare_mod_namechange

85



●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

GLO

20
25

20
50

20
75

21
00

0e+00

1e+06

2e+06

3e+06

4e+06

5e+06

Year

E
m

i|C
O

2|
C

um
ul

at
ed

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

●
●

●
●

●
●

●

●
●

●
●

●
●

●
●

●

●
●

●
●

●
●

●

●
●

●
●

●
●

●
●

●

● ● ● ● ● ●
●

●
●

●
●

●

●

●

●

●

● ● ● ● ● ●
●

●
●

●
●

●

●

●

●

●

● ●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

● ●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●
●

●

●

●

●
●

●
●

●
●

●
●

●

●

●
●

●

●

●

●

●
●

●
●

●
●

●
●

●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

● ● ● ● ●
●

●
●

●
●

●
●

●

●

●

●

● ● ● ● ●
●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●
●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

● ● ● ● ●
●

●
●

●
●

●

●

●

●

●

●

● ● ● ● ●
●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●

●

●
●

●

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0
50000

100000
150000
200000
250000

0e+00

1e+05

2e+05

3e+05

0e+00

2e+05

4e+05

6e+05

0e+00
1e+05
2e+05
3e+05
4e+05

0

250000

500000

750000

1000000

0

20000

40000

60000

80000

0
10000
20000
30000
40000
50000

0e+00

2e+05

4e+05

6e+05

0

20000

40000

60000

0e+00

2e+05

4e+05

6e+05

8e+05

0e+00

1e+05

2e+05

3e+05

0e+00

1e+05

2e+05

Year

E
m

i|C
O

2|
C

um
ul

at
ed

 [M
t C

O
2/

yr
]

Model output
●

●

REMIND default
REMIND welfare_mod_namechange

86



default welfare_mod_namechange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0e+00

1e+06

2e+06

3e+06

4e+06

5e+06

0e+00

1e+06

2e+06

3e+06

4e+06

5e+06

E
m

i|C
O

2|
C

um
ul

at
ed

 (
M

t C
O

2/
yr

)

● ● ● ●

GLO

2010 2030 2050 2100

0e+00

2e+06

4e+06

E
m

i|C
O

2|
C

um
ul

at
ed

 (
M

t C
O

2/
yr

)

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

OAS REF SSA USA

JPN LAM MEA NEU

CAZ CHA EUR IND

2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100

0e+00

2e+05

4e+05

6e+05

8e+05

0

10000

20000

30000

40000

50000

0e+00

1e+05

2e+05

3e+05

4e+05

0e+00

1e+05

2e+05

0e+00

1e+05

2e+05

3e+05

0e+00

2e+05

4e+05

6e+05

0

250000

500000

750000

1000000

0e+00

1e+05

2e+05

3e+05

0e+00

1e+05

2e+05

0

20000

40000

60000

0

20000

40000

60000

80000

0e+00

2e+05

4e+05

6e+05

E
m

i|C
O

2|
C

um
ul

at
ed

 (
M

t C
O

2/
yr

)
CDR|EW CDR|BECCS Land−Use Change Carbon Capture and Storage|Fossil Gross Fossil Fuels and Industry

● default welfare_mod_namechange

87



CAZ CHA EUR IND JPN LAM MEA NEU OAS REF SSA USA
default

w
elfare_m

od_nam
echange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

250000

500000

750000

1000000

0

250000

500000

750000

1000000

E
m

i|C
O

2|
C

um
ul

at
ed

 (
M

t C
O

2/
yr

)

Total Gross Fossil Fuels and Industry Carbon Capture and Storage|Fossil Land−Use Change CDR|BECCS CDR|EW

88



3.3 CH4

●

●

●
●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

● ●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●
●

● ●

+++
++++

+++++
+++++

++++
+
+++++

+
+++++

++
+++

++++
++++

GLO

20
00

20
40

20
80

0

200

400

Year

E
m

i|C
H

4 
[M

t C
H

4/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

●
●

● ●
● ●

●
● ● ● ●

● ● ● ● ●

●
●

● ●
● ●

●
● ● ● ●

● ● ● ● ●

●
●

● ●
● ●

●

●
● ● ● ● ●

●

●
● ● ●

●

●
● ● ●

●
●

●
● ●

●

●
●

●

●

● ●

●

●

●

●
●

●

●
●

●

●

●

++++++++++++++++++++++++++
++++++++++++++++++++

●
●

●

●

●

●
●

●
●

● ● ● ● ●
●

●

●
●

●

●

●

●
●

●
●

● ● ● ● ●
●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ●

● ●
●

●
● ● ● ● ● ● ● ● ● ● ● ● ●

● ●
●

●
●

●
● ● ●

● ●
● ●

+++++++++++++++++++++++++++++
+++++++++++++++++

●

●

● ●

●

●

● ● ● ● ●
● ● ●

●

●

●

●

● ●

●

●

● ● ● ● ●
● ● ●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●
●

●

●

● ●
●

●

●
●

●

●

●

●

● ●
●

●

●

●
● ●

●
●

●

●

●

●
● ●

++++++++++++++++++++++
+++++++
++++++
+++++++++++

●
● ● ● ●

● ● ● ● ● ●

● ●

● ● ●

●
● ● ● ●

● ● ● ● ● ●

● ●

● ● ●

●

●

●

●

●

●

●
●

●
●

●

●
● ● ●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

● ●

●

●

●
●

●

●
● ●

++++
++++
++++++++++++++++++++++++++++++

++++++++

●

●
●

●
●

● ● ●
●

●
●

●

●

●
●

●

●

●
●

●
●

● ● ●
●

●
●

●

●

●
●

●
●

●
● ● ●

●
●

●
● ● ● ●

●
●

●
●

●
●

●

●

● ● ● ●

●

●

● ●
● ● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

++++++++++++++
++++++++++

+++++++++
++
+++
+++
+++++

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●●
●

●
●

●

●

●
●

● ● ● ● ● ●
● ● ●

●
● ● ●

●
●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●
●

●
● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++

●

●
● ●

●
● ●

●
●

●
● ● ● ● ● ●

●

●
● ●

●
● ●

●
●

●
● ● ● ● ● ●

●
●

●
●

●
●

● ●
●

●
●

● ●
● ●

●
●

● ● ● ●

●
●

●
●

●

●
●

● ● ●
●

●
●

●

●
●

●

● ●

●
●

● ●
●

●

++++++++++++++++++++++
++++++++++++++++++++

++++

● ● ● ●
●

●
●

●
●

●
●

●

●
● ● ●

● ● ● ●
●

●
●

●
●

●
●

●

●
● ● ●

● ●
● ●

●
●

● ● ●
● ●

●
● ● ● ● ● ● ●

● ●
● ●

● ● ●
● ●

●
●

●
● ●

●
●

● ● ●
● ●

● ●
●

● ●
●

++++++++++++++++++++++++++++++++++++++
++++++++

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●
●

● ●
●

●

● ●
● ●

●

●

● ●

●
●

●

●

●

●
●

● ●
●

●

●

●
●

●

●

●

●

●
●

●
●

●
●

● ● ● ● ●

++++++++++++++++++++++++++++++++++++++++++++++

●
●

● ●
● ● ● ● ● ● ● ●

●
●

● ●
●

●
● ●

● ● ● ● ● ● ● ●
●

●
● ●

●

● ●

● ●

●

●
● ●

●
● ● ● ●

● ●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

+++++++++++++++++
+++++++
++++++++++

++++++++++++

●

●

● ●
●

● ● ●
● ● ● ● ●

●
● ●

●

●

● ●
●

● ● ●
● ● ● ● ●

●
● ●

●

●

●

● ●
●

●

● ●
● ●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

● ●

●

●
●

●

●

●
● ●

●

●

++++++++++++
+++++++++

+
++
+
++

+

++++++++
++++++++

++

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●
●

●
● ● ●

●

●
●

●
● ● ●

●

●
●

●
●

● ●

● ● ●

●
● ●

●

●
●

●
●

● ● ●
●

●
●

●
● ●

●
● ●

●
●

●++++++++++++++++++++++++++++++++++++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
40

20
80

20
00

20
40

20
80

20
00

20
40

20
80

0

10

20

30

0

20

40

60

0

20

40

60

0

10

20

30

0

20

40

60

80

0.0

0.5

1.0

1.5

2.0

0

2

4

6

0

50

100

0

5

10

15

20

0

25

50

75

0
10
20
30
40

0

20

40

Year

E
m

i|C
H

4 
[M

t C
H

4/
yr

]
Model output

●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+ CEDS

89



●

●

●

●

●

●

●

●

●

●
● ● ●

●

●
●

●

●

●

●

●

●

●

●

●

●
● ● ●

●

●
●

●

●

●

●

●
●

●
● ● ●

● ●

●

●

●
●

●

●
● ●

●

●

●
●

●

●

●

●

●

●

● ●

●
●

●

●

●

●
●

●
●

●

●

●

●
●

●

●
●

●

●

●
● ● ● ●

● ● ● ●
● ●

●
●

●

● ●
●

●

● ● ●
●

●
●

●
● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●
●

●

●

●
●

● ● ●

●
● ● ●

● ●
● ●

●

●

● ● ●
●

● ●
● ● ●

● ● ● ●
●

●

●

●

●
● ●

●

●

●
●

●
●

●

●

●

●

●
●

●

●
●

●

●

●
●

● ● ●

●
● ●

●
● ●

● ●

●

● ● ● ● ●
●

● ● ● ●
● ●

●
●

●

●

● ●
●

● ● ● ● ●
●

●

●

+++++
+++++++

+++++++++
+
++
+
++

+
++++++

++++++++
++++

++++++
++++++++++++++++++++++++++++++

+++

+++++++
++++++++

++++++++++++++
++++++++++++++++++

++++

++++++
+++++++

+++++++++
+++++++++++++++++++

++++
+++++++++++

GLO

20
00

20
50

21
00

0

100

200

300

Year

E
m

i|C
H

4|
La

nd
 U

se
 [M

t C
H

4/
yr

]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+
+
+
+

CEDS
EDGAR_LU
FAO_EmisAg
PRIMAPhist

●
● ● ●

●
●

●
● ● ● ● ●

● ● ● ●

●
● ● ●

●
●

●
● ● ● ● ●

● ● ● ●

●

●
●

●

●

●
●

●

●
●

● ● ●

●

●
●

●
● ●

●

● ●

●
●

● ●
●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

●

●

●

●

●

●
●

●
●

●

● ●

●

●

●
●

● ●

●
●

● ●

●
●

●

● ●
●

●

● ●
●

● ● ●
● ● ●

●

●
●

●
●

●

●
●

●
●

●

●
●

●

●

●
●

●
●

●

● ●

●

●

● ●
● ●

● ●
● ●

● ●
●

●
●

●
●

● ●

● ●
●

●

● ●
●

●

●

●

●

●

●
●

●

●

● ●
● ●

●
●

●
●

●
●

● ●
●

●
●

● ●

●

●
●

●
● ●

● ●
● ●

● ●
● ● ●

●
●

● ●
●

● ● ●

● ● ●
●

●
●

●

●

●
●

●

●
● ● ●

●

++++++++++++++++++++++++++++
++++
+++++++++++

+++
++++++++++++++++++++++++++++++++++++++

+
+++++++++++++

++++++++++++++++
+++++++++++++++++++++

+
+++++++++++++++

+++++++++++++++++++++++++++++++++++++++++

● ●

●

●

●

●
●

●
●

● ● ● ● ●
●

●

● ●

●

●

●

●
●

●
●

● ● ● ● ●
●

●

● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●

●
● ●

● ● ● ● ● ●
●

● ●

●
●

●
●

●
● ●

● ● ● ● ● ●
●

● ●

● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ●

●
● ●

●

●
●

●
●

●
●

●
● ●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ●

●
● ●

●
●

● ●
●

●
●

●
● ●

●
●

●
● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ●

● ● ●
● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ●
● ● ●

●

●
● ● ● ● ●

●
●

● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ●

●
● ●

●
●

● ● ●
●

●
● ● ●

●
●

●
● ●

●
● ● ●

●

● ● ●
●

++++++++++++++++++++++
++++++++++++

++++++++++++

+++++++++++++++++++++++
+++++++++++++++

+

++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++

+++++++++++++++
++++++++++++++

●
● ● ● ●

● ● ● ● ● ● ●
●

●
● ●

●
● ● ● ●

● ● ● ● ● ● ●
●

●
● ●

● ●

●

●
● ●

●

●

● ●

●

●

●

●
●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●
● ● ●

●

●

●
● ●

●

●
● ●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●
●

●
●

●

●

●
●

●

●

● ●
●

●

●

●
●

●
● ● ●

●
●

● ● ● ●
● ● ● ●

● ● ●
●

●

●

●

●

●

●

●

●
●

●
● ●

●
● ● ● ● ●

●
●

●

●

●

●

●
●

●

● ●
●

●

●

●
●

●

● ● ●
●

●
● ● ●

●
● ● ● ●

●
●

●

●

●

●

●

●

●

●

●

● ●
●

● ● ●
● ● ●

● ● ● ●
●

● ●
●

++++++++++
+++++++++++++++++

+
+
++++
+
++++
+
+++
+
+++

+++++
++++++++++++

++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++

+++++++
+++++++++++++

++++++++++++++++++++++++++++++++++++

●
●

●
●

● ●
● ●

●

●
●

●

●

●

●
●

●
●

●
●

● ●
● ●

●

●
●

●

●

●

●
●

●
● ● ● ● ● ●

● ● ● ● ● ● ● ● ●
●

● ●
●

● ● ●
●

●
●

● ● ● ● ● ● ● ●

●
●

● ● ● ● ● ● ● ● ● ●

●

● ●
● ● ● ●

●

●

● ●
●

● ● ●

●
●

● ●

●
●

●
●

● ●

● ●

● ● ●

● ● ●
●

●

●

●

●

●

● ●
●

●
●

● ● ● ●
●

● ● ● ● ● ●
● ● ● ● ● ● ● ● ●

●
● ●

● ● ● ●
● ●

●
● ● ● ● ● ● ● ●

●
●

● ● ● ●
●

●

● ● ●
●

●
●

●
● ● ●

●

●
● ●

● ● ●
●

● ● ● ● ● ● ● ●
●

● ●

●
● ● ●

●
●

●

●
●

●

●
●

●
●

●

●

● ●
●

● ●
●

●
● ●

●

●

+++++++++++++++++++++++++++++++++++
+++++++++++

+++++++++++++++++++++++++++++++++++++
++

++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++
++++++++
++++++++++++

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ●
●

● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

● ● ●
●

●

●

●

●
● ●

● ●
●

●

●
●

●
● ● ● ●

●

●

●

●
●

●
● ●

● ● ● ● ● ●

●
● ● ● ● ● ●

●
●

●
● ● ●

● ● ● ●
● ●

● ● ● ● ● ● ●
● ● ● ● ●

● ● ●
●

● ●
● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

● ● ● ● ●
● ●

●
●

●

●
● ●

● ● ● ●
● ●

●
● ● ●

● ● ●

● ● ●
●

●

●

●

●
●

● ●

● ●
● ● ●

●

● ● ●
● ●

●
● ●

● ● ●
●++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●

● ● ●
●

● ● ● ●
●

●
●

●

●
●

●
●

● ● ●
●

● ● ● ●
●

●
●

●
●

● ●
●

●
●

●
●

●
●

●

● ●

●
●

● ●
● ● ●

●
●

●
● ●

●
●

● ● ●

●

●

●
●

● ●
●

●

● ●

●

●

● ●
●

●

●
● ●

●
●

●
●

●

●

●
●

● ●

● ●

●
●

● ● ●

●

●
● ● ● ●

●
●

● ● ●
●

●
●

●
● ●

●

●

● ●

●
●

●
●

● ●

●

●
● ●

●

●
●

●
●

●
●

●
● ●

●
●

● ●
● ● ●

●

●
● ● ● ●

●
●

●
●

●

●

●
●

● ●
● ● ●

●
●

●

●

● ●

●
●

●
●

● ●

●

●
● ●

●

● ●
● ●

●
●

●

● ●

●
●

● ● ● ● ●

●
●

●

● ● ● ●

●
● ●

●
●

●

● ● ●

● ●
●

●

●

●

●

●
●

●++++++++++
+++++++++++++++++++++++++++++++++++

++++++++++++
++++++++++++++++++++++++++++

++++++++++++++++++++
+++++++++++++++++++++++++++++++

+++++++++++++++++++++
+++++++++++++++++++++++++++++++

++++

● ● ● ●
●

●
●

●
●

●
●

●

●
● ●

●

● ● ● ●
●

●
●

●
●

●
●

●

●
● ●

●

● ● ● ● ● ● ● ● ● ● ● ●
●

● ● ● ● ● ●
● ● ● ●

● ● ● ● ●

●
● ●

● ● ● ●
●

● ●
● ● ● ● ●

● ●
●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ●
● ● ● ● ● ● ●

● ●
●

● ●
● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ●

● ●
● ●

● ● ●
● ● ● ● ● ●+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+

● ● ● ●
● ● ● ● ● ● ● ● ●

●
● ●● ● ● ●

● ● ● ● ● ● ● ● ●
●

● ●

● ●
●

●

● ● ● ●
● ● ● ● ● ●

● ● ●

●
● ● ●

●

●

●
● ● ●

● ●
● ●

●
● ●

● ● ● ● ●
●

●
● ● ● ● ●

● ●
●

●

● ● ● ●
●

● ● ●
● ●

● ● ●
● ● ● ●

●

●

●

●
● ● ●

● ●
●

●
● ● ● ● ● ● ●

●
●

● ●
●

●
● ● ● ● ● ●

●

● ● ● ●
● ● ● ● ●

●
● ● ●

●
● ● ●

●

●

●
●

● ● ●
● ●

●
●

● ● ● ● ● ● ● ● ●
●

●

●
●

●
●

●
●

● ● ● ● ●
●

●

● ●
● ●

● ● ● ●
●

●
● ● ●

●
● ● ●

●

●

●
● ● ●

● ● ●
●

●
● ●

● ● ● ●
● ●

● ● ● ●
● ●

++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++

●
●

●
●

●
● ● ● ● ● ● ●

●

●

● ●
●

●
●

●
●

● ● ● ● ● ● ●
●

●

● ●

●
●

● ●

●
●

●
● ● ●

● ● ● ● ●
●

●

●
●

●
●

●
●

●

●

●

●
●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

● ●
●

●
●

●

●
● ● ●

●
● ● ●

● ●
●

●
●

● ●
●

●
●

●
●

● ● ● ● ●
●

●

●
●

●
●

●
●

● ● ●
●

●
●

● ● ●
● ●

●
●

●
●

●
● ● ●

● ● ● ● ● ● ● ●
●

● ● ● ● ●
● ●

● ● ● ● ●
●

●

●
●

● ● ● ● ●
● ●

● ● ● ●
●

●
●

●
● ●

● ●
●

●
●

●

●
● ● ●

●
● ● ●

● ●
● ●

●
● ●

●
● ●

● ●
● ● ● ●

●
●

●

●
●

● ●
●

● ● ● ●
● ● ●

●

+++++++++++
+++++++++++++

+++++++++++
+++++++++++

++++++++++++
++++++++++++++++++++

+++++++

+++++++++++++++
+++++++++++++++++++++++++

+++++++++++
+++++++++++++++

+++++++++++++++++
++++++++++++++++++++++++

●
●

●
●

●
●

●
●

● ● ● ● ●
●

● ●

●
●

●
●

●
●

●
●

● ● ● ● ●
●

● ●

●

●

●

●
●

● ●

●
● ● ● ●

●

●

● ●
●

●

● ●

●

●

●

●

●

●
●

●

●
●

● ●

●

●

●

●

●

● ●

●

●

●
● ●

●

●

●
●

●
● ●

●
●

●
●

● ● ●
● ● ● ● ●

●
● ●

● ● ● ● ●
● ● ●

●

●
● ●

●
●

●
●

●
●

●

●
● ●

● ● ● ●
● ● ● ● ●

● ● ● ● ●
● ● ● ● ●

● ●
● ● ●

● ● ● ●
● ● ●

● ● ● ●

● ● ● ●
● ●

●
●

●
●

● ●
●

●
●

● ●
● ●

● ●
● ● ● ● ●

● ●
● ●

●
● ● ●

● ●
● ●

● ● ●
● ● ●

● ●
●

● ● ● ●
●

●
● ● ●

● ●
●

●
●

●
● ● ● ● ● ●

●

++++++++++++
+
++++++++

+

++
+
++

+

++++
++++
+
++
+++++
+++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++
+

●
● ● ● ● ● ●

●
●

● ● ●
● ● ● ●●

● ● ● ● ● ●
●

●
● ● ●

● ● ● ●

●
●

●
●

●
●

●

●

●

●

●

●
●

● ●

●

●

● ●

● ● ●
●

●
●

●
●

●

● ● ●
●

●

●

●
●

●

●
●

●

●
● ●

●
●

●

●

● ●
●

●
●

●
●

●
●

●

●
●

● ●

●

●
● ●

● ● ●

● ●

●
● ● ● ● ●

● ● ● ● ●
●

●
●

●

●
●

● ● ●
● ● ● ● ●

● ●
●

●
●

●

●

●

●
●

● ●

● ●

●

●

● ●
● ● ●

● ●
● ● ●

● ● ●
● ● ● ● ● ● ● ● ●

● ●
●

● ●
●

● ●
●

● ● ● ● ●

●
●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

● ●

● ●
●

●
●

●

● ● ●
●

● ● ●
● ●

●

● ●

●
● ● ●

●
●

● ●

●++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR
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4 Energy

4.1 Investments Electricity

default welfare_mod_namechange
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4.2 Capacities Electricity

default welfare_mod_namechange
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CAZ CHA EUR IND JPN LAM MEA NEU OAS REF SSA USA
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4.2.1 PE—Coal

default welfare_mod_namechange
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● default welfare_mod_namechange

Hydrogen

Electricity

Heat

Solids

Liquids

Gases

99



CAZ CHA EUR IND JPN LAM MEA NEU OAS REF SSA USA
default

w
elfare_m

od_nam
echange

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

25

50

75

100

125

0

25

50

75

100

125

P
E

|C
oa

l (
E

J/
yr

)

Gases

Liquids

Solids

Heat

Electricity

Hydrogen

Total

100



4.2.2 PE—Gas

default welfare_mod_namechange
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4.2.3 PE—Biomass

default welfare_mod_namechange
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4.3 Primary Energy line plots

4.3.1 PE—Coal
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4.3.2 PE—Oil
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4.3.3 PE—Gas
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4.3.4 PE—Biomass
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4.3.5 Primary Energy Production—Biomass—Energy Crops
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4.4 Secondary Energy Mixes

4.4.1 SE—Liquids

default welfare_mod_namechange
20

25

20
50

20
75

21
00

20
25

20
50

20
75

21
00

0

50

100

150

200

0

50

100

150

200

S
E

|L
iq

ui
ds

 (
E

J/
yr

)

● ● ● ●

GLO

2010 2030 2050 2100

0

50

100

150

200

S
E

|L
iq

ui
ds

 (
E

J/
yr

)

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

● ● ● ●

OAS REF SSA USA

JPN LAM MEA NEU

CAZ CHA EUR IND

2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100 2010 2030 2050 2100

0

10

20

0

1

2

3

0

10

20

30

0

10

20

30

0

5

10

15

20

25

0

10

20

30

40

0

10

20

30

40

0

5

10

15

20

0.0

2.5

5.0

7.5

10.0

0

2

4

6

0

2

4

6

8

0

5

10

15

20

25

S
E

|L
iq

ui
ds

 (
E

J/
yr

)

Gas|w/o CCS

Gas|w/ CCS

Coal|w/o CCS

Coal|w/ CCS

Biomass|w/o CCS

Biomass|w/ CCS

Oil

● default welfare_mod_namechange

110



CAZ CHA EUR IND JPN LAM MEA NEU OAS REF SSA USA
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4.4.2 SE—Gases

default welfare_mod_namechange
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4.4.3 SE—Hydrogen

default welfare_mod_namechange
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4.4.4 SE—Solids

default welfare_mod_namechange
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4.5 Secondary Energy line plots

4.5.1 SE—Gases
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4.5.2 SE—Electricity
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4.5.3 SE—Solids
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4.6 Final Energy line plot

4.6.1 Total

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●
●

●
●

●

●

●

●

●
●

●

● ●
●

●

●

●

● ●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

+++++++
++++

+++
++++

+

++++++
++++

+

+++++
++++++++

++++
++
+++++++

+++++
++
+++

++++
++++

+

GLO

20
00

20
50

21
00

0

200

400

600

800

Year

F
E

 [E
J/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+
+

EDGE_SSP1
IEA

●●●●
●

●●●●
●

●
● ● ● ● ●●●●●

●
●●●●

●
●

● ● ● ● ●

●

●

●

●

● ●

●
●

●
●

●

●

●
●

● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●

● ●
●

●

● ●
●

●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

● ●

●

●

● ●
● ●

●

+++++++
++++++++++++

+++++++
+++++
++++++
+++++++++++

++++++++
+++++++++++++++

++++

●
●

●●
●

●
●

●
●

●
●

●

●

●

●
●

●
●

●●
●

●
●

●
●

●
●

●

●

●

●
●

● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●
●

●

● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
●

●
●

● ●
●

●
●

++++++++++++++++++
+

+++++++++++++++++++++++++++++++++++++
+++++++++++++++++++

●
●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●
●

●
●

●

●
●

●
●

●
●

●
●

●
●

●

●
● ● ● ● ● ● ●

●
●

●

●

●

●

●

●
●

●

●

● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ●
●

● ●
● ●

●
●

● ●
● ●

●
●

● ●
●

●
●

● ●
●

●
●

●
●

●
●

●

●

●

●

●

●
●

●
●

●
●

● ●

+++++++++++++
+++++

+

+++++++++++++++++++++++
++++++++++++++++

++++++++
+++++++++

●
●

●●●●●●●●●● ● ● ● ●●
●

●●●●●●●●●● ● ● ● ●

●

●

●

●

●

● ●
●

●
●

●
● ●

●

●

●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

●

●

●

●

●

●

●

●

● ●
●

●
●

● ●

●

●

●

●

●

●
●

●

●
●

+
+++++++++++++++++

+

++++++++++++++++++++++++++++++

++++
+++++++++++++++++

+++++

●

●

●
●

●

●
●●●●

●
●

●
●

●
●

●

●

●
●

●

●
●●●●

●
●

●
●

●
●

●
●

● ● ●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

● ● ● ● ● ● ● ● ● ● ●

●
● ● ●

●
●

●
● ● ● ●

●
●

● ●
●

●
● ● ●

●
●

●
●

●
●

● ●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

+++++++++++
+++
++++
+

+++++++++++
++++++++++++++++

+++++++++++++++
+++
++++
++++
+++

●
●

●●●
●●

●
●

●
●●

●
●

● ●

●
●

●●●
●●

●
●

●
●●

●
●

● ●

●

●

●
● ●

●

●
●

●

●
●

● ● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

● ●
●

● ● ●

●

●

●

●

●
●

●

●

●
●

●

●

● ●

●

●
●

● ● ●
●

●

●

●

● ●
●

●
●

+++++++++++++++++++

++++
+++
++
+++
++++++++++++++++

++++++
++++++++++++++++++++++

●
●

●
●

●

●
●

●
●

●
●

● ● ● ● ●

●
●

●
●

●

●
●

●
●

●
●

● ● ● ● ●

●
●

●

● ● ● ●

●

●

●

●

●
●

●

● ●

●

●

●

● ●
●

● ●
●

●
●

●
●

●
●

●
● ● ●

●
●

● ● ● ● ●
●

●
●

●

● ● ●

● ● ●
●

●

●

●
●

● ●

●

●

●

●

●
●

●

● ●

●

●
●

● ● ●

●

++++++++++
++++++++

+

++++++++++++
+++++++++++++++

+++++++++++++
+++++++
+++++++++

●●●●●
●

●●
●

●
●

●

●

●

●

●

●●●●●
●

●●
●

●
●

●

●

●

●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++

●●

●●●●●
●

●
●●● ● ● ● ●

●●

●●●●●
●

●
●●● ● ● ● ●

●
●

●
●

●
● ●

●

●
●

●
●

● ●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

● ●

●

●

●

● ● ●

● ●

● ● ●

●

● ●
● ●

●

●
●

●
●

● ●

● ●

●

●

● ● ●

●

●+++++++++++
++++++++

+++++
++++
++
++++++
+++++++++++++++++++

++++++++++++++++++++

●
●

●
●

●

●
●

●
●

●
●

●
●

●
● ●

●
●

●
●

●

●
●

●
●

●
●

●
●

●
● ●

●
● ●

●
●

● ● ● ● ● ●

●
●

●
●

●
●

●

●

● ● ● ● ● ● ● ● ● ● ●

● ●
●

● ●
● ●

●
● ● ● ● ●

● ● ●
● ● ● ● ● ●

●
●

●
●

●
● ●

● ● ● ●

●
●

●
●

●
●

●
●

● ● ● ●

++++++++++++++
+++++

+++++++++++
++++++++++++++++++++

++++++++++++++
+++++++++++

●
●

●
●

●
●

●
●

●
●

●
●

●

●
●

●

●
●

●
●

●
●

●
●

●
●

●
●

●

●
●

●

●
●

●
●

● ●
●

●
●

●
●

●
●

●
● ● ●

●

●

● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
● ●

●
●

● ●
●

●
●

●
●

●
●

●
●

●
●

●
●

●
●

● ●
●

● ●
●

●
●

●

++++++++++++++++
+++

+++++++++++++++++++++++++
++++++++++++++

+++++++++++++
++++

●●●●●●●●●●●● ● ●
● ●

●●●●●●●●●●●● ● ●
● ●●

●
●

●

●
●

●

●

●
●

●

● ● ●
●

●

●

● ●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●
● ●

●

●

●

● ●
●

●

●

●

●
● ●

●

●

●
●

●

● ● ●
●

●

●

●
●

●

●

●
●

+++++++
++++++++++++

++++++
+++
++++++++
+++++++++++

+++++++++++
+++++++++++++++++

REF SSA USA

MEA NEU OAS

IND JPN LAM

CAZ CHA EUR

20
00

20
50

21
00

20
00

20
50

21
00

20
00

20
50

21
00

0

20

40

0

20

40

60

0

30

60

90

0

20

40

60

0
25
50
75

100
125

0

5

10

15

0

3

6

9

0

50

100

150

0

5

10

0

50

100

0

20

40

60

0

10

20

30

40

Year

F
E

 [E
J/

yr
]

Model output
●●

●●

REMIND default
REMIND welfare_mod_namechange

Historical data

+
+

EDGE_SSP1
IEA

132



4.6.2 FE—Electricity
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4.6.3 FE—Gases
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4.6.4 FE—Heat
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4.6.5 FE—Solids
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4.6.6 FE—Liquids
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4.6.7 FE—Hydrogen
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4.7 Buildings
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4.9 Transport
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5 Useful Energy and Energy Services

5.1 Transport
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5.1.1 UE for Transport (per Capita, year)

UE|Transport|Pass|non−LDV UE|Transport|Freight
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5.1.2 UE for Transport (per Capita, GDP)
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5.1.3 Energy Services for Passenger Transport (per Capita, year)
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5.1.4 Energy Services for Transport (per Capita, GDP)
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5.1.5 Energy Services for Freight Transport (per Capita, year)
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5.1.6 Energy Services for Freight Transport (per Capita, GDP)
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