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Abstract

In Chapter 13 of the ‘World Energy Outlook 2002’ titled Energy and Poverty, the International
Energy Agency stresses the important role of energy and particularly that of electricity in the
alleviation of world poverty. This paper was prepared in part as a preliminary exploration of
factors relevant to the world electrical situation. The ratios of net electrical generation to various
likely parameters of interest were plotted over the past decades to search for unexpected
empirical relationships that may be useful in gaining some insight into the world energy
economy. Straight-line segments were found when the ratios of world generation to primary
energy, generation per capita, and carbon dioxide emissions per unit of electricity generated were
plotted over time. A second purpose of this paper was to determine whether this approach is
useful in the study of the possible dematerialization of the world economy.

Net electrical generation remains strongly linked to economic growth and, as a measurable and
unchanging physical unit, could serve as a surrogate for world GDP without the complexities and
inaccuracies of currency exchange corrections, purchasing power parity adjustments, etc., which
plague its measurement. It is difficult to distinguish dematerialization from normal autonomous
increases in energy efficiency because both reduce energy consumption per unit of GDP though
these two processes are conceptually quite different. Nevertheless, because a dematerialized
economy would still have a strong need for electricity, there is the possibility that the distinction
between these two processes could be detected from plots of this kind. No strong evidence for
dematerialization could be found in this paper but the trends resulting from plotting net electrical
generation to world steel and to cement production over time were perplexing in that the two
ratios behaved quite differently.
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Figure 1: Ratios of Primary Energy and Electrical Generation to World GDP
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`GDP is the sum of gross value added by all resident producers in the economy plus any product
taxes and minus any subsidies not included in the value of the products. It is calculated without
making deductions for depreciation of fabricated assets or for depletion and degradation of
natural resources. Data are in current U.S. dollars. Dollar figures for GDP are converted from
domestic currencies using single year official exchange rates. For a few countries where the
official exchange rate does not reflect the rate effectively applied to actual foreign exchange
transactions, an alternative conversion factor is used.’
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Figure 2: Ratio of World Net Electrical Generation to
World Primary Energy Consumption
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Figure 3: World Net Electrical Generation per Capita
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Figure 4: The Ratio of World Carbon Dioxide Emissions from the
Fossil Fuels to Net Electrical Generation

"
�����������������������,��
�����
������
����
�
����-��
��
�
����	����������	������	
�������
���
�����
�����������
��
��
�����	�����������������
�������
�
������������������C��
���*����������������������
����
�����������
�����	������������������
���������	���
#9)9�������#�,D�E�����99-�������
��������������
������
��
�
����	������� &��������������'	��	(��)
��������	�
� ���
����������
��
������		����������
�����������
��������
�
��������
�
��
���
��
�
���

�������������
���(
�����������

��������
���������	
��
��� *������.��/��	�-�����0		��% 

�����������
���������
���������
������������������
������	
�����������
����������
�������
��������
����
�
�

�
�����
�������
��������������
�������
�
�������
����������������
����,�������������������������������
�
���
�������������������.
�������������
����������
�����
������������������	�-�����������������
����������
�
�������
������������
��
�������	���4'@!�������
��
�
���������
������������
�����	
�������
�����������
�������	�������������
����
���%����������
���
������
������	����
����
����
���������
��������
���������
������
�
���������
�
����C��
��� ���	����������
���
�������������
������������������������!����	������
��
�������������
���
����������������	
����������������
���
��
������	�������������������������������	������
�������	��
��������������������������������������
������
����������	
�
���

Page 6

Empirical Relations in the World Electrical System

1988 1990 1992 1994 1996 1998 2000 2002
420

440

460

480

500

520

540

CO2 Emissions Expressed in Kilotonnes C / TWh
Linear Co-relation R = - 0.99

The Ratio of World Carbon Dioxide Emissions from the
Fossil Fuels to Net Electrical Generation

T
ot

al
W

or
ld

C
ar

bo
n

E
m

is
si

on
s/

E
le

ct
ric

al
G

en
er

at
io

n
K

ilo
to

nn
es

pe
r
T
W

h
=

T
on

ne
s

pe
r
G

W
h

Year



Figure 5: World Net Electrical Generation Plotted as Ratios to other Forms of Energy
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Figure 6: U.S. and World Net Electrical Generation
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Figure 7: World Net Electrical Generation as Ratios of World
Production of Steel, Cement, Zinc, Copper and Aluminum
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