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Extensive usage of fossil fuels is causing CO, emission increase and rapidly increasing
the atmospheric CO, concentration which causes the global warming. The atmospheric CO;
concentration should be stabilized at a low level to mitigate the global warming.

Herein, projections of the world population, economic growth, energy consumption and
energy sources in 100 years, which affect the CO, emissions, are explained. CO, mitigation
measures, especially, carbon capture and storage technologies which are considered to be necessarily
implemented for a world based on fossil fuels are described.
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Tabel 1 Economic Growth Rates (% per annum).

1990-2050

1950-1990 1990-2100

Region wofceimario Ay | A2 Bl B2 Al A2 | Bl B2
_OECD90 | 39 20 16 18 14 18 16| 1.5 11
REF 4.8 40 023 03130 31 2527 23
IND 3.9 22 1619 16 20 17 | 16 13
ASIA | 64 _ 62 39 55 55 45 33 |39 38
ALM 4.0 55 38 50 41 41 32|37 32
DEV 48 59 38 52 49 43 33 | 38 35
WORLD 4.0 36 23 31 28 29 23 |25 22

REF: Central and Eastern Europe and Newly Independent States of
the former Soviet Union

IND: Industrial(ized) countries

ASIA: Asia excluding the Middle East

ALM: Africa, Latin America and Middle East

DEV: Development countries

Tabel 2 Primary Energy (EJ) by World and Regions
(108 JO EJ).

1990 2050 2100

Region Al A2 B1 B2 Al A2 B1 B2

OECD90| 151-182 | 267 266 166 236 397 418 126 274
REF 69-95 103 93 64 97 139 155 39 125
IND 227-252 370 359 230 334 536 573 164 399
ASTIA 49-79 440 335 272 319 838 581 154 521
ALM 35-49 538 278 312 217 832 563 196 437
DEV 84-123 977 612 583 536 1639 1144 350 959

WORLD | 326-368 | 1347 971 813 869 2226 1717 514 1357
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Tabel 3 World Cumulative Hydrocarbon Use, in ZJ

(1,000 EJ).
I 1800-1994 1990-2100
Seenario | a1 | A2 Bl B2
Fuel
0il 4.6 20.8 17.2 19.6 19.5
N.G. 2.0 42.2 24.6 14.7 26.9
Coal 5.6 15.9 46.8 13.2 12.6
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Fig.3 Tota globa annual CO, emissions from all sources.)
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Fig.4 The carbon challenge (S. Pacala).®
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Tabel 4 Strategies available to reduce CO, emission
rate in 2054 by 1 Gt-Cly (S. Pascal et al.9).

Efficient vehicle
Energy efficiency Reduced use of vehicles
improvement

Efficient building

Efficient baseload coal plant

2 billion cars, 13—25km/l
2 billion cars, 10,000—5,000miles/y
Cut COz emissions by 25%
Thermal eff, 60% (2,000GW)
1,400GW coal-NG

Fuel shift in fossil

A Gas baseload for coal
fuel

Capture CO; at baseload
power plant

Capture COz at Hz plant 250MtHaly from coal or 500MtHzfy from N.G

Capture COz at coal-to-synfuels | 1.7X 10°m3y (200times Sasol)

700GW (ewice current cap.)

2 million IMW windmills (50 times)

2000GW PV (700 times)

4 million IMW windmills

2 million cars, 100times current Brazil ethanol

B0OGW coal or 1600GW NG PP.
ccs*

Nuclear power for coal

Wind power for coal
Renewable enerey |py - coal

Wind Hz in FC

Biomass fuel for fossil fuel

Forests and Reduced deforestation plus

. 0d ion. 300Mha of new
soils

Conservation tillage apply to all cropland (10 times current usage)

*CCS (Carbon Capture and Storage)
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Fig.5 CO> reduction by innovation (Y. Kaya).
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Fig.6 World primary energy production after

implementation of CO, measures.5
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