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• A carbon tax would be levied on all commercial forms of hydrocarbon fuels at a uniform rate, in relation to their carbon content. There are strong environmental arguments for fiscal instruments that discourage greenhouse gas emissions. 
The implementation of this tax by OECD countries (the highest hydrocarbon users) would significantly benefit the environment and supply a large part of the potential revenue that could be raised on a global scale. 

Figures are regularly issued by many countries on the consumption of most forms of commercial energy and those for hydrocarbons can readi ly be converted, by means of a coefficient for each particular fuel, into carbon equivalents. 

A uniform carbon tax on auto fuel of 4.8 cents per US gallon would represent US$ 17 per tonne of motor gasoline which, at an approximate carbon content of 0.81, would mean US$ 21 per tonne of carbon. Applied universally, this would 
raise about US$ 125 billion.

Governments would be free to collect the tax as they saw fit. For example, tax could be collected in the form of an excise tax per unit quantity of hydrocarbon fuel sold, the rate varying according to carbon content. This might encourage 
countries to impose additional taxes for domestic use on various hydrocarbon fuel. However, each country will be expected to raise a minimum tax by international agreement.

Specific excises, especially on sales of bulky commodities, are among the simplest and cheapest taxes to impose as the tax base is easi ly identi fied. Costs stay low because the commodities wi ll often already be subject to specific taxes 
and no administrative machinery would need to be created. The administrative and compliance costs of the extra taxation would thus be negligible. 
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http://www.dti.gov.uk/energy/inform/energy_stats/total_energy/index.shtml

International Energy Outlook 2005 Report #: DOE/EIA-0484(2005) Released Date: July 2005
International Energy Annual 2002, DOE/EIA-0219(2002)

Table A1. World Total Primary Energy Consumption by Region, Reference Case, 1990-2025 (Quadrillion Btu)
1990 2001 2002 2010 2015 2020 2025

Mature Market Economies
North America 1.4 100.9 115.2 117.7 134.2 143.6 152.9 162.1 

United States 1.3 84.6 96.3 98.0 110.6 117.6 125.1 132.4 
Canada 1.6 11.1 12.8 13.1 15.6 16.9 17.8 18.8 
Mexico 2.2 5.1 6.1 6.6 8.0 9.1 10.0 10.9 

Western Europe 0.5 59.9 68.0 67.4 70.2 72.2 73.4 76.1
Mature Market Asia 0.7 22.7 28.0 28.4 30.4 31.5 32.5 33.6
Japan 0.5 18.3 21.9 22.0 22.9 23.6 24.1 24.7
Australia/New Zealand 1.4 4.5 6.1 6.5 7.5 7.9 8.4 8.8 
Total Mature Market 1.1 183.6 211.2 213.5 234.7 247.3 258.7 271.8

Transitional Economies
Former Soviet Union 1.6 60.9 42.0 42.4 49.7 53.9 57.2 61.0 
Russia 1.4 39.1 27.7 27.5 31.3 33.5 35.7 37.9 
Other FSU 1.9 21.8 14.3 14.9 18.4 20.4 21.5 23.1
Eastern Europe 1.7 15.3 11.4 11.2 13.3 14.5 15.6 16.7
Total Transitional 1.6 76.2 53.4 53.6 63.0 68.4 72.8 77.7

Emerging Economies
Emerging Asia 3.5 51.5 84.7 88.4 133.6 155.8 176.3 196.7
China 4.1 27.0 40.9 43.2 73.1 86.1 97.7 109.2
India 3.3 8.0 13.8 14.0 19.6 22.7 26.0 29.3
South Korea 2.1 3.8 8.0 8.4 10.6 11.8 12.7 13.5 
Other Asia 2.9 12.7 21.9 22.9 30.3 35.1 39.9 44.6
Middle East 2.5 13.1 20.9 22.0 28.7 32.4 35.6 38.9 
Africa 2.7 9.3 12.5 12.7 16.7 19.3 21.4 23.4 
Central and South America 2.3 14.5 21.2 21.2 26.8 30.4 33.2 36.1 
Brazil 2.5 5.8 8.4 8.6 10.2 11.6 13.2 15.1 
Other Central/South America 2.3 8.8 12.7 12.6 16.6 18.8 20.0 21.1

Total Emerging 3.2 88.4 139.2 144.3 205.8 237.8 266.6 295.1 
Total World 2.0 348.2 403.9 411.5 503.5 553.5 598.1 644.6
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� ?���� .1.#41 ,/G
� ( ���� �0#-G ,1

Postulate population of 
10bn each using 10,000 
kW/h per year

≡1.141 kW each
= 1.14 x 1013 W
= 11TW

9.18.78.37.97.17.16.11.1
Total Mature 

Market 

0.30.30.30.30.20.20.2Australia/New Zealand 1.4

0.80.80.80.80.70.70.6Japan 0.5

1.11.11.11.01.00.90.8Mature Market Asia 0.7 

2.52.52.42.32.32.32.0Western Europe 0.5

0.40.30.30.30.20.20.2
Mexico 

2.2

0.60.60.60.50.40.40.4Canada 1.6

4.44.23.93.73.33.22.8
United States 

1.3

5.45.14.84.53.93.93.4North America 1.4

Mature Market Economies 

2025202020152010200220011990

World Total Primary Energy Consumption by Region, Reference Case, 1990-2025 
(TW) 

Not 
examinable • Transitional Economies 

• Former Soviet Union1.6   2.0 1.4 1.4 1.7 1.8 1.9 2.0
• Russia 1.4 1.3 0.9 0.9 1.0 1.1 1.2 1.3
• Other FSU 1.9 0.7 0.5 0.5 0.6 0.7 0.7 0.8
• Eastern Europe 1.7 0.5 0.4 0.4 0.4 0.5 0.5 0.6
• Total Transitional 1.6 2.5 1.8 1.8 2.1 2.3 2.4 2.6

• Emerging Economies
• Emerging Asia 3.5 1.7 2.8 3.0 4.5 5.2 5.9 6.6
• China 4.1 0.9 1.4 1.4 2.4 2.9 3.3 3.7
• India 3.3 0.3 0.5 0.5 0.7 0.8 0.9 1.0
• South Korea 2.1 0.1 0.3 0.3 0.4 0.4 0.4 0.5
• Other Asia 2.9 0.4 0.7 0.8 1.0 1.2 1.3 1.5
• Middle East 2.5 0.4 0.7 0.7 1.0 1.1 1.2 1.3
• Africa 2.7 0.3 0.2 0.3 0.3 0.3 0.4 0.4
• Cent. and S Am. 2.3      0.5 0.7 0.7 0.9 1.0 1.1 1.2
• Brazil 0.2 0.3 0.3 0.3 0.4 0.4 0.5
• Other Cen/SAm 2.3       0.3 0.4 0.4 0.6 0.6 0.7 0.7
• Total Emerging 3.2 3.0 4.7 4.8 6.9 8.0 8.9 9.9

• Total World 2.0 11.6 13.5 13.8 16.8 18.5 20.0 21.6
» TW
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• Powering the Planet: the Challenge for Science in the 21st Century - Professor Daniel Nocera
• 25 January 2006 17:30 - 25 January 2006 18:30

Location: G16, Sir Alexander Fleming Building

9�
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 6�
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• Powering the Planet: the Challenge for Science in the 21st Century - Professor Daniel Nocera
• 25 January 2006 17:30 - 25 January 2006 18:30

Location: G16, Sir Alexander Fleming Building
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Powering the Planet: the Challenge for Science in the 21st Century - Professor Daniel Nocera
25 January 2006 17:30 - 25 January 2006 18:30
Location: G16, Sir Alexander Fleming Building
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Peak is equivalent 
to 80m bbl/day
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examinable
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�����	���L "&K 16"$M6I"I '+(6#""

W�
 
�����
���	����������
������	��
������!����������	���#�( 
����6�% ������( �����	�
J����

)6�/..- *' �� �J 
�)6�K������' ���
�	��/..G$#

Not 
examinable

����)����������
�������������	��	�
������������������8 �H7�����
�

MeV

9�		�
�������
�������

�����������
�������
�	���!���
������������	��������!���
��
��		���������	���"������������#

σσσσf, fission cross section in barns

νννν, mean number of neutrons emitted per fission

ηηηη, mean number of neutrons emitted per n absorbed

ββββ, fraction of delayed neutrons
�--K G�0 �#,0 �#�1 3#33�1
�-GK G4. �#,� �#34 3#334G
�-.M� 10G �#04 �#34 3#33��
�,/M� /343 �#.� �#/1 3#33G,

' �����������	����	��������	�����
��
������ B �������	��	���������

Not 
examinable

Nuclear
Not 

examinable �
�������
�������
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Nuclear 
cycle

Not 
examinable

Waste cycle
Summary of present and proposed methods of treating nuclear wastes.

spent nuclear 
fuel

process

P&T (ATW)
Reduction in volume 

and toxicity

Puro-processing

P&T (EA)
Reduction in volume

TRUs and LLFFs
+ energy

new conventional

storage

PUREX

HLW

PU

Surface
monitored

underground
repository

vitrify

British, French, Japanese approachCERN, Los Alamos approach US approach

Not 
examinable

�
	�	
+ 	������������������	����������	������
����@��������������
��
����	���R 8 ��
	�	�	������@��#�+ !�������R 8 ��
	�	��
��
�������������	X���	��������/..0��
����	X� ����

/#0-�����	7)
 �����/..3��
/#,,�����	����/..G�����
/#-G�����	����/..0�*����	��������!�������$��

��	���
��������	���
������K�������N ����?�	������#�
 ����
�!��������
�����
���
	�	X�R8 ����	�����X
���#/-�
����	7)
 �����/..0�����������	�
����������������
����
	����
������
�������#31�����	7)
 ��������
�	�����������		�
�&���	�!�����������������	����-#-3�����	7)
 ������
������
-#�,�����	7)
 �#�

Not 
examinable %�
�
���	

C��	�C� ��
�������
�@ �����
�*�2�C���
�
�������������
�����������
	��
���������������	���
�����������������
��
� ����

�
	�	6

��������	�
�
	�	��		
�������� ��������������	������������
�����
��
��������#
9
����������������������	��������
�����
� ����!�����
���������
��
� ����	���	�
�����

���������
�����
��
������������		������	��	���������������
�6�

/# �������
��������������
����
�# �
�!��	�
���
�K-�0 *��������
&����" ����
� ��)���
��$��
-# �
�!��	�
���
�����������&����
������
,# �������������
��3#1O �K�-G �
��"GO �K�-G��
G# �
�!��	�
���
�����������
&����*K��$�������	��
4# �
������
������������	����
��
�	����������
�������		������	#�
1# ����	�
�����
���
	�	�����������
���
��������	��
��������
����
�����������

��������
��������������	������������	�����������������#

?��
��	������	��������S /�����
 ���	�������	��	���Q #

%�
�
���	
5 ��	�<=���	���C��	�

�����
	�	��		
�������� ������������
������ �	��#�
9
�����
������������	��	��	�#�9
�������������������
���	���
	�	�������������	�����������!�����
��
���������	�
�����
�������������!���� �	��#�

������������� �	�����
������	�	�������	
�!��������
	
�����
��������������	�� � ����������������#

%�
�
���	

?���	�����!���
	���
�����	
�#��������������
� ��
�����	���������!��	�	��
���
	��������������
	�	��
��	���������������	�@�������	�
����S �����8 ���� ���"
�
���

?��� �
	��% ������ ' ������ �
��
S 78 � "�� S 78 � "��

/ 9��� G#3 //#3
� ����������R �8 �����������B

���
�� R �8 �������	 4#3 G#3
- M��	�
�	��?�	#����&�	 /#3 /#3
, <������
���9��	 /#3 3#/
G M�
��������&�	 �#3 �#3
4 ������� .#3 .#3
1 N ��
�� � �	����
	�	 G#3 3#3
0 + �����	�����!��7��� /#3 /#3

�
��� -3#3 �.#/

Source US Nuclear Lobby, aggregated data
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Natural radioactivities
Material Activity Bq/g Remarks

Surface drinking water 0.0004-0.04 Mainly 222Rn + daughters
Seawater 0.01 Mainly 40K
Human body 0.1 Mainly 40K
Food 0.1-1
Carbonate rocks 0.1 40K-87Rb-U+Th in ratio 10-1-1
Air 0.1 Mainly 222Rn
Mean soil 0.5 40K-87Rb-U-Th 10-3-1-1
Granite 1.5 40K-87Rb-U-Th 10-1.5-1-1
Phosphate fertiliser 40 Mainly 40K
Low-level waste <400
238U 1.2 x 104

Intermediate level waste 400- 4 x 108

High level waste > 4x 108

239Pu 2.2 x109 Contaminants make it hotter
60Co 4.2x1013

Burnt LWR fuel  t=0 4 x 1014 Fission products actinides
Burnt LWR fuel  t=150d 4 x 1012 Fission products actinides

Not 
examinable

Transmutation?
Not 

examinable

Locations

Not 
examinable

Locations

BWR Boiling Water Reactor;  
PWR Pressurized Water Reactor;   

PHW Candu Pressurized Heavy Water Candu;   
BLW Candu Boiling Light Water Candu;   
BHWR Boiling Heavy Water Reactor;   
SGHWR Steam Generating Heavy Water Reactor;   
PHWR Pressure Vessel Heavy Water Reactor;   
LWCHWR Light Water Cooled Heavy Water 
Reactor;   
GCR Gas Cooled Reactor;   
MAGNOX Magnox Type Gas Cooled Reactor;   
AGR Advanced Gas Cooled Reactor;   
HTGR High Temperature Gas Cooled Reactor;   
FBR Fast Breeder Reactor;   
LWBR Light Water Breeder Reactor;  
GCHWR Gas Cooled Heavy Water Reactor;   
LWGR Light Water Cooled Graphite Reactor 

Not 
examinable

BN-600
Not 

examinable

�+ ' N K
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