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Chapter 1

EVOLUTION OF THE INDUSTRIAL SOCIZTY

If we look back over the history of the last ten centuries
or so, it becomes apparent that economic growth is & phenomena as
0ld as mankind. The stone age, the bronze age, the space and
electronic age describes a stage of development in human
civilization. The division between one stage and the next is
often marked by a technclogical advance. Systems of production
and distribution are determined by the society in which they
evolve. The driving force behind industrial growth and the
widespread usé of technology was based on the development of
scientific knowledge and the harnessing of cheap fossil fuels for
energy. The Industrial Revolution was based on new methods of
production coupled with an increase in the population due to the
advancement of technology in health, sanitation and agriculture.

In the Western World, until the beginning of the Industrial
Revolution, developments in the energy usage were not as
significant as developments in material use, like tools, art,
architecture, commerce and agriculture. As Lewis Mumford observes:

All the praise of tool making and tool using that has

been mistakenly applied to man's early development becomes
purified from Neolithic times onward, and should even be



magnified in evaluating the later achilevements of handicraft.
The maker and the object reacted one upon the other. Until
modern times, apart from the esoteric knowledge of the
priests, philosophers and astronomers, the greater part of
human thought and imagination flowed through the hands. 1
The spread of technology in Furope from the fzll of the Roman
Empire to the seventeenth century was slow and Europe had to
walt for the Industrial Revolution to lead it to the mechanicsl
future, To make the Industrial Revolution work modern technology
needed an engine that could convert energy source into useful
work at higher efficiency than water-mills and windmills.
These existing sources were static and limited to specific
locations like fast running rivers and windy areas. Besides
"the low pressur steam engine of the eighteenth century, converted

only one percent of the energy content of wood and coal to power,

while the rest was wasted as heat." 2

1.1 Technology and Modern Civilization

The growth of population through advances in technology has
been made possible because of the development of fossil fuel
resources. The extraction of excessive energy.and raw materials
from the ecological system has reduced the capability of nature
to support human society. With the depletion of the energy
resources, industrial society could be sustained only through

import of cheap resources from a distant location. The search

1Lewis Mumford, Technlics and Human Development, ( New York:
Harcourt Brace Jovanovich, 1967), p.268.

2
Wilson Clark, Energy for Survival: The Alternative to
Extinction, (New York: Anchor Press, 197L), p.B8. T




For colonies abroad was first as a source of raw materials and

later on as markets for finished products. According to Hyman Rickover:
With ships that could navigate high seas and arms that could
outfire any hand weapon, Europe was powerful enough to build
new nations in the western hemisphere gain political control
over Asia and Africa from where she drew raw materials and

energy to speed her industrialization and complement 3
military dominance with economic and commercial supremacy.

"The modern high energy society which followed in the wake of the
Industrial Revelution andrcolonial expansion particularly after the
First and Second World Wars led to the high energy monoculture
society."4 The general expansion of industrialization allowed Europe
to import food, energy and resources from the colonies overseas and
sustain the monoculture at home. As Jane Jacobs in the "Economy of
Cities," states '"the decline of Manchester in comparison to
Birmingham during the Industrial Revolution was due to monoculture,."
The same was true for Ireland during the Irish potato famine which
occurred a century ago. This is because monoculture is basically
alien to the laws of nature in which everything is interrelated

and connected with everything else.

1.2 Correlation between Energy and Technology

Since the dawn of human history and the evolution of the
industrial society, man's activities have been governed by the laws
of thermodynamics. In biology as in physics the laws have been

supreme and energy as such is never created or destroyed. It is

5Hyman G. Rickover, "Energy Resources and Our Future," (a speech
presented before the Minnesota State Medical Association, St. Pauls,
inrnesota.

VAW. Clark, Energy for Survival: The Alternative to Extinction
(New York: Anchor Press, 1974) p. 20




upgraded and converted by photosynthesis and the solar energy
captured is transformed to another form in the food cycle. Each
time such a conversion is made, substantial energy is dissipated in
the form of heat and overall entropy increases according to the
second law. In the process of cultural evolution human societies
have carried on the process of energy upgrading. But unlike other
animals who have been maintaining the naturazl balance, human -
societies have carried on énergy upgrading to extreme limits,
Industrial civilization has reached a stage where it is consuming
its energy and resource base much faster than it can be replenished.
On the earths ecology system Barry Commoner says that:

Because the global ecosystem is a connected whole, in which

nothing can be gained or lost and which is not subject to

overall improvement, anything extracted from it by human effort

must be replaced. Payment of this price cannot be avoided;

it can only be delayed, 5 '
In short the alternatives as proposed through the high energy society
and reliance on monoculture, leads to a technology which is highly
Centralized and fueled by enormous outlay of energy. The results
from this sort of society is that a victory by it would have neither
victors nor vancuished.

The latter part of the twentieth century brought forth four
major challenges which were hardly anticipated. The crisis today

according to G.L. Tuve being in : "energy supply; environmental

control; population crowding and shortage of food znd materials,"

ZBarry Commoner, The Closing Circle (New York: Knopf, 1971)
P. 46,




Modern industrial society which was shaken by the 0il embargo and
the rise of oil prices following the Arab-Israeli War of 1973 has
operated under the erroneous belisf that thie more energy resources
used the better off the society is. "The correlation between the
increasing use of energy with rise of economic productivity,
though not determined according to an exact ratio, was the
established axiom."6 The philosophy which still holds swzy in the
industriszlized world is that the living standard ought to be
proportional to the highest ratio of mechanical power versus man-
power. Mechanization through intensive energy use can be one
measuré of productivity but cannot be a measure of the quality of
life. The relationship between Gross National Frcduct; a monetary
measure of zll goods end services produced in a nstion, and the

level of energy consumption have been studied by Makhijani and

H
(@]

Lichtenberg of Univ

W

rsity o alifornic. According to them ,

high level of energy uszge did not necessarily bring about higher

13

hey found thzt :

incomes.
Great Britain, Belgium, Australia, Germany, Denmark,
Francz and ¥Yew Zecland had levals of Gross JHeticnal Product
within ten percent range of each other, but New Zealand
nesdad less than half the amount of energy tc sustain a
higher Gross National Product than Great Britain, 7
Moreover per capita energy consumption and per capita gross
national product has no relation to distribution of income level.

This was true in the case of South Africa snd the United States.

6ﬁilson Clark, Energy for Survival: The =zlternatives to
extinction, (New York: Anchor Press, 1974), p.63.

7

Ibid, P-69-



The findings of Makhijani and Lichtenberg have been given further
credence by G, Tyler Miller in his book "Replenish the Earth",
According to him , rich and middle class Americans ére the mega
consumers and polluters who occupy more space, consume more of

each natural resource, disturb the ecology more, and pollute directly
and indirectly the land, air and water with thermal, chemical and
radioactive wastes. The average American consumes 1100 times the
amount of energy compared to that of a resident of Burundi. ZEven
West Germany whose per capita gross national product exceeded that
of the U.S.A. in 1973, consumes less than half the per capita eﬁergy
of an average American. A future senario can be predicted according
to the study done by Chester Kylstra and Jesse Boyles of the
University of Florida. "Their study indicates that the methodology
of the conventional energy/ GNP ratioc is incomplete and misleading
because it coqgiders the gross energy instead of the net energy in
the economy':8 Net energy is the amount of energy a consumer receives
in the final product ( an automobile for example) rather than gross
energy ( the energy content of the barrel of oil before processing).
According to the study, the overall productivity in the U.S.
economy, defined as the ratio of net energy/ gross energy, is
declining even though the output per man hour is increasing. The
statistical message of the analysis is that emphasis on energy

use and the rise in gross national product cannot be sustained

indefinitely.

1.3 Limits to Growth

The computer model study done by the Club of Rome and as stated

8
TIbid, p. 69



in the report "The Limits to Growth' 1s another interesting
finding."The study found that population, agriculture, natural
resources development, industrial production and pollution are all
in the dangerous curves of exponential growth."9 The findings of
the Club of Rome have been challenged by the advocates of the
nuclear energy, who point out that the limits to growth did not
take into consideration the supply of cheap energy through
nuclear power. Unfortunately nuclear energy with its grave
technological, ecological and high risk factor would hardly be
able to provide the cheap energy it is expected to do. In spite
of the arguments of both the pro and anti nuclear faction, the
basic premise remains that the challenge is not to push economy
by attempting the impossible task of perpetual growtk, but rather
to learn how to maintain the highest level of living that can be
shared universally and sustained ecologically. According to
Eerman Daly, economics, like other sciences , should identify some
impossible theorems. A good one according to him would be " A
United States style, high level, mass consumption economy is
impossible to achieve for a world of four billion people and even
if by some miracle such a state were achieved it would be impossible
to sustain.'": This is because the six percent of the world's
population residing in the United States already requires over
thirty percent of the world's annual production of nonrenewable

resources to sustain its current level of living.

S .
Dennis L. Meadows, Alternatives to Growth-I :Asearch for sustain-

$S%%7§utures,( Ballinger Publishing Company, Cambridge, Massachusetts,




1.4 Tcolegy and Pollution

Along with the pollution that fossil fuel causes is the
effect it has on the climate of the earth. Intervention by
buman actions in the environment have effected the microclimate
and the continuing development of high energy society may zlter
the macroclimate. A study of Man's Impact on Climate (SMIC)
sponsored by the Massachusetts Institute of Technology in 1971
found that further increase in the use of fossil fuels would
lead to an increase of 1.4°F on the surface temperature of the
earth by the year 2000. Another serious climatic effect of
increased petroleum use is the contamination of the oceans
with thin films of o0il which reduces the motion of the oceans
surface and intensity of the short surface waves, Y"The long
range danger may be the raising of the temperature of the oceans

n10

surface, Economist Nicholas Georgescu-Roegen in his analysis

of the relationship between thermodynamic science and economics
sees the process in its full ramifications, as

A continuous transformation of low entropy into
high entropy, that is into irrevocable waste or
with a topical term into pollution .eesceeceees The
economic process is entropic : it neither creates
nor consumes matter or energy, but only transforms
low into high entropy. 11

The focal point of all environmental concerns is the relationship

1OStudy of Man's Impact on Climate (SMIC), Inadvertent
Climate Modification, (Cambridge, Massachusetts: The MIT Press,
1971.)

11Nicholas Georgescu-Roegen, The Entropy Law and the
Economic Process,{(Cambridge, Massachusetis: Harvard University
Press, 1971.)




of the human population to the earth's environment, As Odum

puts it:
Support of man include all the necessary works that provide
stability, reserves, protection and all the criss cross
controls required to regulate his complex needs, Either we
must retain the old network of hundreds of species of plants
and animals which carried on these functions for man or set
up new machinery to perform them on energy subsidy. 12

It is within the broad context of the high energy society of the

developed countries beset with all its ramifications, that the

industrialization and application of western technology to the

lesser developed countries should be evaluated.

1.5 Technology and the Lesser Developed Countries (LDC's)

Technology is viewed by many of the leaders of the newly
emergilng nations as a key to national autonomy and status in the
world community. Automotive plants, steel mills and nuclear"
reactors have all become status symbols of achievement regardless
of economic costs.

The leaders of the Third VWorld share an urgent and under-
standable desire to make a gigantic leap across time to bypass
slower and more natural processes of economic and scientific
growth and place science at the service of an immediate
technology -~ a technology of improved agriculture, of health &
sanitation and of startling new methods in education and
training. 13

It is a2 paradox that the nations of the developing world so endowed

with raw materials, surplus labor and potential markets have in

fact remained poor. According to the industrizlized nations the

1
2Howard T. Odum, Environment, Power and Society, (New York:
¥iley, 1971.)

13
David E. Apta,"New Nations and the Scientific Revolution"
. on
Bulletin of the Atomic Scientists-XVII, Feb. 1961, p.61, ’
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Third World societies are primitivegbécause they cannot absorb
western methods and technology. But this reasoning has been
refuted by the LDC's who state that their backwardness is due to
past colonialism and the present international economic order,
Through all the charges and counter charges an important fact
cannot be denied that the cradles of civilization : Chinese
Egyptian, Mesopotamian, Indo-Gangetic, Incan and Mayan empires
were flourishing when the Western world were stagnating. Many
parts of what is called today the underdeveloped countries
were once the cultural and economically richest areas of the
world.,

The satisfaction of basic needs and the eradication of poverty
is the primary concern of the developing world. The formation of
economic plans and development strategies by these countries must
be aimed at overcoming these centuries old deficiencies. Further
confusion has been compounded by the identification of “growth"
with "economic development." The most important aspect of develop=-
ment is the improvement of welfare among all groups and the
equitable distribution of wealth.

According to the World Bank, nearly half of the world's
people live in relative or absolute poverty in conditions
which are an insult to human dignity. Some 900 million
people are estimated to subsist on incomes of less than
$75 a year in an environment of squalor, hunger and
hopelessness. Of these, 650 million live in absolute poverty

on incomes of %50 or less in conditions so wretched and
deprived as to defy any rational definition of humen decency. 14

“Yt5an Tinbergen and others, "Reshaving the International Order:
A revort to the Club of Rome," E,P, Dutton & Co. Inc. New York, 1976.
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The immense variety of circumstances that exists in the
developing world has an impact on the perception of what comprises
developmental needs. In spite of the fact that poverty is 21l
pervasive and common among the developing countries, the solution
is not singular., The argument that the gains of industrialization
would trickle to the masses has been disproved by what has
actually happened. The failure to meet the rising expectations
of the great majority of the people leads to political subjugation.,
According to Ela Myint of the London School of Economics, the
development of the Third World lacks a major component which
have been identified as minimal domestic savings, little foreign
exchange earnings and mass illiteracy. The problem with a
development strategy that emphasizes the borrowing of foreign
exchange to produce substandard and subsidized goods leads to
foreign monetary control over capitalization at the expense of
a more balanced use of domestic resources., The negative effects
include excess productive capacity with neither home nor world
merket, overborrowing with heavy debt servicing, mechanization
and underutilization of traditional surplus labor. Another
basic problem has been on the emphasis on education for
development, The unfortunate experience has been that education
was concentrated either on liberal arts or in fields with
limited national job opportunities which ultimately results in
immigration.

Owens and Shaw identifies four steps that have characterized

western efforts at encouraging the development of the lesser



12

developed countries.

1. First was the period of past colonial effort in
structuring democratic concepts and procedures in the
belief that it would lead to self generating develop-
ment movement,

2. The belief that education was the key, which on the
contrary produced surplus graduates ill-equipped to
solve the real problems.

3, The industrialization and application of western
technology.

L. And finally the failure of development has been not
so much in the technique but on the short-fall in
quantity. 15

Since the goal of the developing countries is to catch up with
the technology of the western nations in the shortest possible
time, they have relied more and more on capital intensive
industrialization as practiced in those countries. To understand
the problems of this strategy one has to study the particular
problems of an industrial society. The heart of an industrial
society is its industries which rely on fossil fuel for their
energy. Not only are the industrial nations dependent on
fossil fuels for ninety five percent of their energy but all
natural resources are being depleted at an exponential rate,
It is unrealistic to expect fossil fuel extraction to grow
exponentially until it suddenly drops to zero, instead fossil
fuel recovery builds up to a pezk and then declines. As a
general rule no more than ten percent of an o0il fields total

reserve can be obtained in one year, without reducing the

quantity that can ultimately be recovered. It is inaccurate

15
Owens and R. Shaw, Development Reconsidered,(Lexington,
¥ax: Lexington Books, 1972),
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to suppose that society will run out of energy, on the contrary
long before the last barrel of oil is depleted, more energy
would be required to extract the o0il thus leading to a net loss
of energy to the industrial society. Thus the continuation of
industrialization as we have known would therefore depend
entirely on the possibility of employing alternate sources of
energy. This should also be the initial strategy of the

developing countries.
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Chapter 2

TECENOLOGY AND THE ECONOMY IN THE UNDERDEVELOPED COUNTRIES

The large scale capital intensive technologies developed in
Zurope, Horth fmerica or Japan may very well be "efficient™ in
some limited sense but their introduction into poorer less
developed societies of the Third World raises both technological
and moral qguestions. The newer problems created aggravate
the existing economic difficulties. The capital intensive models
are usually very costly relative to the income of the local
populations, require an educational and industrial infrastructure
which takes decades to build up, and their disruptive social
conseguences tend to be much more sudden than their culture of
origin. . But, even more destructive is the fact that their
introduction often inhibits the growth of the indigenous innovative
capabilities which are necessary if real development is to ever
take place. The symbols of modernity in the form of steel mills,
chemical plants, atomic reactors, and automobile factories can be
purchased on the international market but development is a complex
soclal process which depends to a great extent upon the internal
innovative capabilities of a society. Imported ideas, values,
norms, culture and technologies have a part to play but no society

¢can develop exclusively on the basis of such imports. One of the



