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Background: demographic explosion

In 2050, the world population will have reached 9.1
billion, an increase of 2.6 billion with respect to 2005.

Not only will the population grow dramatically but its
distribution will also evolve:

I The population of Europe will decrease from 730 million
presently to 650 million.

I The population of Africa will explose to 1 940 million
compared to 910 at present.

I The population of Asia will reach 5.2 billion compared to 3.9
billion at present.

I In 2050, India will have the highest population with 1.6 billion
compared to China with 1.4 billion.

Source: United Nations
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Background: the petroleum era

The end of the petroleum era will come during the 21st
century.

While it is difficult to predict when the petrolem peak will
occur, it will likely be during the first half of the century.

At $70 per barril, the price of petroleum has reached
highs already reached during previous crisis.

A price of $50-70 encourages the exploration and
extration from more expensive wells and sites.

The recently discovered Jack field in the Gulf of Mexico might
increase the proven reserves of the USA by 50%.

There are enormous reserves all around the Arctic region.
The era of inexpensive petroleum is definitely behind us
while future prices will be driven by extraction and
transportation COSts.
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Total Primary Energy Supply

1973 2004
Combustible %Eﬂ;l;b":iﬂ:
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*Excludes infernational marine bunkers and electricity trade.
**Other includes geothermal, solar, wind, heat, efc.

Source: OECD, 2006
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Total Final Energy Consumption

1973 2004
. %% *E
Combustible E|ec’rrt:|ry OIheL Coal Electricity Ot Codl
Q 59 1.7% 16.9% 3.4%
Renewables 13.4% Combustible Lo 8.4%
& Waste*
Renewables
14.3% & Waste
13.7%
Gas
14.6% il ]f%ﬁ% oil
46.5% ' 42.3%
53 600 TWh 88 900 TWh

* Prior to 1994 combustible renewables & waste final consumption has been estimated.
**Other includes geothermal, solar, wind, heat, efc.

Source: OECD, 2006 )
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Electricity Generation

1973 2004
H c|r0 Other** H Cer Oiher**
21.0% 0.7% Codl 16.1% 2.1% Codl
Nuclear 38.3% 39.8%
3.3%
Gas Nuclear
12.1% 15.7%
24 70 19.6% 6.7%
6 117 TWh 17 450 TWh
*Excludes pumped storage.

**Other includes geothermal, solar, wind, combustible renewables & waste.

Source: OECD, 2006
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Per Capita world-wide energy consumption

North America

Latin America

Western Europe

Eastern Europe & former USSR
Middle East

Africa

Asia & Oceania

Total
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1982

77.63
11.11
37.48
50.73
19.08

4.51

5.83

18.08

2002

81.62
14.3
43.67
39.45
31.01
4.48
9.76

19.31

MWh

%

5.1
28.7
16.5
-22.2

62.5
0.0
67.4

6.8
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Two types of challenges

From the data given above, one should come to the
conclusion that there are two types of
challenges:

A Inindustrialized countries, the challenge is the rational
utilization of energy.

A In emerging countries, the challenge is a massive
Increase in energy production while avoiding a

catastrophic impact on the environment.
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Ecological footprint

Fig. 2: HUMANITY'S ECOLOGICAL FOOTPRINT, 1921-2003
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Source: WWF
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Rational end-use of energy
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Primary power consumption

Bangladash Afrika Walt Schweiz \Waste

Source: Novatlantis
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Rational end-use of energy
Buildings

We already know how to build intelligent houses,
buildings and towns.
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Issue: Building rotation
Focus should be on renovations
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Rational end-use of energy i 2

Poly-generation systems should play an increasingly
Important role.

Fuel cells will play an increasing role in co-generation
systems.

Interesting developments are possible using thermal and
hydro micro-trubines.
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Rational end-use of energy i s
Transportation

Very fast progress is possible along several
transportation technologies, in the public and
private sectors.

Needed: éigressive and coordinated public policy
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Rational end-use of energy i 4
Biofuels

Biofuels and biomass will play an increasingly important role.

Resources Conversion Product Market

Solid biomass
{wood, straw)

Heat

Wet biomass
(organic waste,
manure)

Sugar and starch Biogas
plants
(sugar beet, cereals)
Bioethanol
x M -
Oil crops AT Chemicals
{rapeseed, sunflowes) Biodiasel

A conflict between food and energy production must be avoided.

A multicriteria labeling system, acceptable and adoptable by
consuming and producing countries, is crucial.

Needed: second generation technology for cellulosic products.
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Energy production
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Energy production

It IS not reasonable for industrialized countries to
ask emerging countries to reduce their short

term energy requirements.
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Energy production -2
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The energy deficit of China, India & Africa

While the world average of primary power per
iInhabitant is 2000 W, it is 900 W per
Inhabitant in China, India and Africa
combined.

To remedy this deficit, the construction of some
3000 nuclear power plants of 1 300 MW each
would be required.

The China has already started to add 60 000 MW
of new generation per year and will do so
during the next decade.
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Natural gas & liquified natural gas

The reserves of natural gas are not much more encouraging
than those of petroleum.

The major supplier of Europe is Russia which does not
hesitate to use it as a political weapon and which has not

signed the Energy Charter Treaty.
Transportation and distribution requires heavy infrastructures.
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CO, cycle

We must learn how to use CO, as a material.
CO, sequestration. g

°°°“‘°’°°§;,v 30 dograded rminy fands that o restored

CO, cycle management.

mothane

Enhanced olil recovery.
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