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ABSTRACT 

In the past, man in his quest for better standard and quality of life has 
allowed all other considerations to take a back seat and this accelerated 
the process of environmental degradation and began to threaten the 
Earth's delicate ecological balance through which life on this planet 
survives. It is also true that we can never allow the process of 
development to stall if the millions of its inhabitants are to lead a 
respectable standard of life. It is there/ore necessary that the 
considerations of environment, economy and pelfol1nance (EEP) should 
become the real basis for sustainable development on this planet, if life 
on our planet is to survive for ever. In fact none of these considerations 
can be ignored in the process of development for future security and 
prosperity. This is the only alternative, we are left with today. 

1. Introduction 

For ages, man has been exploiting natural resources of the Earth for his 
survival, well-being, prosperity, and for improvement in the quality of life. However, 
rapid population growth, fast depletion of resources on account of rapid technological 
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development, particularly during past two centuries, has resulted in severe 
environmental pollution and damage to fragile eco-systems through which life on Earth 
survives. Unless special measures are taken, the earth is bound to lead to an 
unmanageable catastrophe. This threat led to convening of Earth Summit of Rio-de
Janeiro in 1992. According to principles 2 and 4 of the Rio Declaration, the right to 
development must be fulfilled so as to equitably meet development and environmental 
needs of present and future generations. But to achieve sustainable development, 
environmental protection should constitute an integral part of the development process 
and can 't be considered in isolation from it. This is also true that all developmental 
activities, small or big, undertaken by rich or poor countries, do cause the existing 
environmental quality to deteriorate further. 

In fact the objective of this chapter is to project that there are three attributes, 
viz., environment, economy and peiformance, instead of oft-discussed two,viz., 
ecology and economy, that should form the basis of all developmental activities. The 
consideration of peiformance in the light of severe present environmental degradation 
and scarcity of resources becomes an important factor for future development. How 
these three attributes are inter-related in any developmental activity and what can be 
done to ease the situation as of now and for the future, is the subject discussed here, so 
that remedial measures can be initiated, and a holistic view of the factors involved in 
developmental activities and of the consequences arising out of these activities for our 
planet, can be taken. The present book is an attempt in that direction. But in order to 
improve upon the process, we need to understand the dynamics of the parameters 
involved including the Earth I s capability to adapt to the proposed changes. Without 
doing this, we may soon be leading our planet to an unprecedented environmental and 
resource crisis. 

2. The Unique Planet - Earth 

One must begin with the realization that as far as our present day knowledge 
stands, Earth occupies a very unique place among the vast multitude of planets of the 
Universe, Earth alone happens to support life. This colossal vastness can be judged by 

the fact that we live in a Universe that is estimated to contain nearly 3x109 galaxies, 
not reckoning many other spectacular objects such as radio galaxies, quasars, pulsars 
etc. Our planet Earth is located in a galaxy often called as Milky Way and Sun is just 

one of the 1011 stars that our galaxy is said to contain. In fact, the Sun is located 3000 
light years away from the centre of our Galaxy, which extends diametrically to a 

distance of 105 light years. Not all stars have a planetary system like ours. The Sun, 
indeed, is unique in having a planetary system like ours. Also the nearest galaxy, to our 
own galaxy, is the Andromeda galaxy, which is about 2 million light years (one light 
year is a distance traversed in one year with the speed of light) away from us. Our 
nearest star, Proxima Centauri in constellation Centaurus, is about 4.31 light years 
away from us. All these astronomical distances are not meant to frighten a reader but to 
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register the fact that we would need a colossal amount of energy and finances if we 
ever even think of escaping our planet to habitate the nearest heavenly body. 

On the other hand, it must also be realized that the existence of a stable 
habitable atmosphere on a planet depends critically on the relation between the 
temperature of the star, the mass of the planet and its distance (orbit) from the star such 
as Sun in our system. In our solar system, Earth alone has habitable atmosphere for 
sustaining life, which had emerged through a series of delicate balances over billions of 
years, although Earth is just one of the planets of the solar system and is positioned at 
the most appropriate distance of about 150 million kms away from the Sun to sustain 
life. In fact the farthest planet - Pluto - is 40 times away this distance from the Sun. 
The only available evidence about living organisms exists on Earth and not even on 
Venus or Mars. Even on Earth, it took some 3.5 billion years to evolve human life 
through an evolutionary process from the simple living cells, which emerged 0.5-1 
billion years through a correct and unique sequence of combinations of molecules after 
the Earth itself was formed. Microstructures, interpreted as the fossils of single-celled 
organism, have been found in ancient rock (3.2 billion years old) formations of the 
Earth which prove this contention. 

Some scientists believe that life in the Universe may not exist on Earth alone, 
and numerically speaking, even if the probability of finding life supporting conditions 

is assumed to be of the order of 10-9, we would still be left with one billion stars, 
where conditions may exist to sustain some form of life (not necessarily in human 
form). In fact life may exist in radically different forms on other planets of other stars. 
Even if it is accepted that life closer to human form is possible on the planets of distant 
stars, their distances from us are astronomical. It would be technologically impossible, 
at least for several centuries, if not for ever, to migrate to other habitable planets of the 
Universe notwithstanding the fact that humans do not live long enough to undertake 
such an interstellar journey. Finally even if it is granted that all other conditions are 
favourable to develop this new technology, the humanity may not survive that long on 
Earth to see it used, if the present trend of environmental degradation continues 
unabated. 

Alternatively, even if we possess the advanced technology of interplanetary 
travel and intend to colonise a nearby unlivable and unappealing planet in our solar 
system, according to a rough estimate [1], it would only be possible for us to transport 
our six days of increase of our popUlation using our total GNP and we would require 
more than 60 times our GNP to stay there for a year. Further the pollution created by 
such an exodus can further damage the Earth's environment for ever. Therefore, this 
possibility again is economically infeasible and self-ruining if not technologically 
impossible. On the other hand, financially, it may still be feasible, practical and wiser 
to treat Earth I s spoiled environment rather than to migrate from Earth after damaging it 
permanently. 
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Thus, Earth alone happens to be a unique, natural and logical place of habitat 
for· the mankind and whatever damage we cause to its environment and ecological 
system that sustains life, it would not be possible for us to escape from its 
consequences. Since Earth is our last planet of survivability, we better be concerned 
about it and treat it properly. 

3. The Problems of Planet- Earth 

The life on Earth exists only in a thin layer of about 15 kIns, comprising soil, 
water and air and is better known as the biosphere or ecosphere. The biosphere has 
three major spherical layers, viz., lithosphere (soil), hydrosphere (water) and 
atmosphere (air), which is about 12 kIns. It is in these layers and through their 
interaction and mutual dependence that conditions necessary for sustaining life on this 
planet have been created. The life support system of our planet is very complex [1] and 
delicately balanced and in fact we need to ensu're that we do not disturb this balance in 
order to fulfil our materialistic needs. It would be worthwhile to discuss these aspects 
in order to plan the process of development that is sustainable so that the future 
generations of this planet could survive and prosper without the fear of facing a major 
global catastrophe. 

3.1 Life Sustaining Cycles 

Earth is an island in space and is also a closed system with no matter entering or 
leaving it. Therefore, all the chemicals necessary for life must be continuously cycled 
and recycled throughout the ecosphere. In the energy exchange with the surroundings, 
the ecosphere plays an important role of capturing and converting solar energy and 
storing it in biomolecules. Although about 40 elements are essential for life, six 
elements, viz., carbon, oxygen, hydrogen, nitrogen, phosphorus, and sulphur, make 
up over 95 percent of the biomolecules produced or of the mass of all living organisms. 
These six along with a few others are called macronutrients. All organisms depend on 
the import of energy and raw materials from the environment. While the photosynthetic 
organisms use carbon-dioxide as the main raw material and sunlight as the energy 
source, the other organisms obtain energy and raw materials from nutrition. During 
photosynthesis, the solar energy is converted into chemical energy and stored in sugar 
molecules, which are source of raw materials and energy in plants. The energy stored 
in sugar molecules can be released on demand and is stored temporarily in ATP 
molecules, which are the main energy transporting vehicles and have this function not 
only in plant cells but cells of all living organisms. In general, all organisms are made 
up of four major groups of biomolecules, viz., carbohydrates, lipids, proteins and 
nucleic acids. 

Because we have a fixed supply of micronutrients, they must continuously cycle 
from their reservoirs of air, water, and soil through the food chains and webs of the 
ecosystem and back again to their reservoirs. These important chemicals are recycled 
using sun's energy to drive and sustain the biogeochemical cycles. Although some 
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chemicals are cycled, energy is not; it flows only in one direction through the 
ecosphere back into space. Thus two major processes in any ecosystem are: Chemical 
cycling and One-way flow of energy. 

There are mainly three types of biogeochemical cycles, viz., the gaseous cycle, 
which in turn includes the carbon, oxygen, and the nitrogen cycles while the 
atmosphere serves as the primary reservoir; the sedimentary cycle, which in turn 
includes the phosphorus, sulphur, calcium, magnesium, and potassium cycles and 
involves the movement of materials from land to sea and back again; and lastly the 
hydrological, or the water cycle. 

3.1.1 Carbon Cycle 

All life on Earth is primarily based on carbon compounds, with carbon being 
the basic building block of the large organic molecules necessary for life. The source of 
carbon for plants is the carbon dioxide (C02) that makes up 0.03 percent of our 

atmosphere and in addition a much larger amount of C02 is dissolved in the waters that 

covers two-thirds of our Earth. Over millions of years, a small fraction of the carbon 
and oxygen from decayed plants and animals was removed from the normal cycling and 
incorporated by geological processes in Earth's crust as fossil fuels (coal, oil and 
natural gas) or as carbonate rock formations (such as limestone and coral reefs). These 
fossil fuels and rock deposits represent a temporary storage of solar energy in 
concentrated chemical form. Since the industrial revolution, man has been burning 
these fossil fuels at an increasing rate and releasing the carbon and oxygen back into the 
atmosphere in the form of C02 and H20. As these fossil fuels took millions and 

millions of years to form, they are, in fact, considered as the nonrenewable resources. 

3.1.2 Oxygen Cycle 

The oxygen content of the atmosphere remains essentially constant with the 
oxygen consumed by all animals, bacteria, and oxidation processes being roughly 
balanced by oxygen discharge by plants during photosynthesis on land and in the 
oceans. In fact there has been no detectable change in the concentration of atmospheric 
oxygen content since 1910. Also as the air has about 20 per cent oxygen, its supply is 
considered more than adequate. It is estimated that the burning of all fossil fuels up to 
the present has consumed only 0.07 per cent of the available oxygen. Even burning all 
of the known fossil fuel reserves would consume less than 0.2 per cent of the available 
oxygen. Thus, depletion of oxygen in the atmosphere or in the deep ocean is not the 
problem of Earth . 

3.1.3 Nitrogen Cycle 

Nitrogen is an important element and is regarded as a sensitive indicator of the 
quality of human life. Our body's essential functions require nitrogen-containing 
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molecules such as proteins, nucleic acids, vitamins, enzymes, and hormones. Thus 
Nitrogen deprivation can be considered a sign of poverty and famine. Although gaseous 
Nitrogen (N2) constitutes 80 percent of the earth's atmosphere by volume, it can't be 

used in this form by the plants and animals. Only certain kinds of bacteria and some 
blue-green algae can convert N2 directly into useful organic forms. Fortunately, over 

millions of years a natural cycle· for converting and circulating nitrogen in the right 
form at the right place has evolved. 

3.1.4 Phosphorus Cycle 

It is one of the sedimentary cycles and as such elements in this cycle usually 
take millions of years to cycle while some of the elements are lost slowly in a portion 
of the cycle. Phosphorus, in living organisms, is cycled as an important component of 
nucleic acids (DNA and RNA) and ATP. It also forms a part of cell membranes and is 
a major component of bones and teeth. Phosphorus is a critical nutrient for plant 
growth and phosphorus from the soil is absorbed by the plants and is passed it on to the 
animals. It eventually returns to the soil, rivers, and oceans as animal excretion or as a 
result of decomposition after death. The major reservoirs of phosphorus are phosphate 
rock formations in Earth's crust. Slowly, through the processes of weathering and 
erosion, phosphorus is washed into rivers and is then carried to the oceans but as the 
geological uplifting process is slow, phosphorus is washed into the sea faster than it is 
returned to land. Today, we are mining several million tons of phosphorus per year to 
produce inorganic phosphorus fertilizers so that we can replace phosphates depleted 
from farmland and lawns. Some of this is of course eroded away, thus hastening the 
loss of phosphorus to the oceans. 

3.1.5 Water Cycle 

Water is essential for life. Human body is 70 per cent water. To survive we 
need at least 1.75 litres per day. One may go perhaps without food for a month or so, 
but can survive only few days without water. Water serves as a primary transport 
medium for life sustaining nutrients and for dilution and removal of several natural and 
man-made wastes. It is also a primary input for many industrial processes. 

Water cycle also helps to sustain life by reducing vast temperature differences 
on Earth. The sun vaporizes about 1250 cubic kms of water every day, which serves as 
a vast reservior of heat due to water's high heat of vaporization. As the vapour 
condenses, this heat is slowly released over land areas and bodies of water. In this 
manner water is responsible for a massive circulation and distribution of heat over the 
entire globe. The high heat capacity of water prevents large bodies of water from 
heating or cooling too rapidly, which actually helps protect aquatic organisms from 
abrupt thermal shocks. 
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Water is not an inexhaustible resource and the growing population of the world 
needs ever-increasing quantity of water, which is now reaching its limit. The amount of 
water available is governed by the hydrological cycle. The total amount of water in all 
forms on our planet is about 1515 billion billion litres. With a population of about 5.5 
billion persons, we have roughly 275 billion litres of water for each human being on 
this planet. However, most of this water is not in a form suitable for use by man. 
About 97.2 per cent of all the world's water is in the salty oceans. Of the remaining 
2.8 per cent, except for 0.32 per cent all is either held in ice caps and tied up glaciers, 
or lies too deep under the surface of the earth to tap, or is in the atmosphere or in 
topsoil. Of the remaining; i.e., fresh ground water and surface water in lakes and 
rivers, over 99 per cent is either too expensive to obtain, or is not readily available due 
to their remote locations (Amazon and Siberian rivers), or is polluted. 

Thus the total amount of usable water is hardly 0.003 per cent of the total 
available supply on earth. Even this tiny fraction of usable water amounts to about 
75700 trillion litres for use and recycling, which. gives an average of about 13.75 
million litres of usable water for each of us and 8.5 million litres per person if our 
population reaches the mark of 8.9 billion by 2030. This figure is certainly too large 
for us to be worried about on account of the quantity of water for use. But three 
factors, viz., highly unequal distribution, rapidly rising demand, and increasing 
pollution of water, offer strong reasons to feel concerned about it, if no timely 
measures are taken to check these trends. 

Groundwater, if available, is often preferred as the source of drinking water. In 
late 1980s [11], in the U.S. nearly 2000 m3 of water per person were drawn annually 
whereas the average figures for Switzerland, U.K., Japan, Germany (Western), the 
Netherlands, and Australia were, 100, 275, 650, 700, 980, 1250, respectively. Of 
course, the use of industrial water is declining in the U.S.A., U.K., Japan and many 
other OEeD countries due to recycling practices and their efficient use of water. 

However, it is now becoming more evident that both - developed and 
developing countries - are facing the threat of shortage of water, but for different 
reasons. Developing countries face this problem either on account of low rain fall or 
lack of funds to support proper water management schemes, whereas developed 
countries inspite of having sophisticated storage and distribution systems are using and 
polluting water at a very high rate. Water was always thought of as a free commodity; 
but today it is becoming a scarce resource. Lack of water may limit further economic 
growth and population in many parts of the world. Today, some 26 countries [12] have 
insufficient renewable water supplies to meet the needs of their current population size, 
not withstanding the fact that populations are growing fastest in some of the most 
water-scarce countries, including many in Africa and in the Middle East. Rivers, lakes, 
and underground aquifers are showing widespread signs of degradation and depletion, 
while the human demand is rising exponentially. Water shortage is likely to slow down 
the food production, and the situation may become worse in future. The best example 
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is that of the American Southwest, which may have already exceeded the limit of the 
number of people, it can comfortably support with its current water supply. 

3.2 Finite Resources 

We have seen in the previous section that all living organisms require energy 
and material resources from the environment. Resources are usually classified as 
renewable and nonrenewable. Renewable resources are those that can maintain 
themselves or can be continously be replenished if managed properly and wisely.Food, 
crops, animals, wild life, forests along with soil water and air belong to this category. 
For this category of resources, the point of concern is not that we may run out of their 
supplies but that we may use them faster than these can be regenerated. Sometimes, 
their use may endanger or degrade life or may create undesired side effects on the 
environment. Other resources like coal, oil, iron, aluminium, copper, tin, zinc, 
phosphates etc. are nonrenewable resources (see Fig. 1), whose supplies are finite and 
can be depleted. 

Abundant metals, like 
iron, aluminium, manganese, etc. 

Scarce metals like, gold, 
copper, tin,uranium etc. 

Fossil fuels, natural gas, coal, petroleum 

Buliding materials, gravel,sand, etc. 

Fertilizers, chemicals, nitrates, phosphates 

Fig. 1 Types of Nonrenewable Resources 

Earth contains two categories of materials, resources and other or neutral 
substances. Some of the materials, once classified as resources are now in the category 
of neutral substances, either on account of their being depleted or better (or cheaper) 
substitutes are available for them. For example iron replaced bronze, steel replaced iron 
and now reinforced plastic and aluminium are replacing steel in certain applications. 
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At the beginning of the 1970s, a study on whether growth has limits was 
initiated by The Club of Rome ( a prestigious group of some 100 scientists, 
businessmen, and national leaders). The club commissioned a working group at The 
Massachusetts Institute of Technology (MIT) to estimate the time our society would run 
out of critical resources. This MIT group published a report, The limits to Growth 
(Meadows, et al., [2]) ,which was eventually translated into about 30 languages and 
sold millions of copies. The conclusion of this study was that our planet's physical 
limits are now being reached and if we pushed beyond these limits, the Earth's 
environment would break down and it would lose its ability to sustain uS,our industries 
and our agriculture. Eventually we would lose everything. What was once considered 
as infinite by human beings was actually alarmingly finite. 

This report was immediately challenged by some others and it became a 
controversial subject. Many didn't believe that there were limits to growth, whereas in 
Germany, practically everyone believed, there were limits to growth (Milbrath, 
[3]).The theory of Club of Rome was proved right in the African Sahel, and in the 
Horn of Africa. These countries were at risk of dying. On one hand, with the advances 
of modern medicine and with better means of transportation of food, the populations 
had increased. But on the other, the land was overworked and famine was taking its 
toll. Outside help in the form of food does save lives temporarily but in the meantime 
more children are born, and the land remains the same, increasing the chances of 
another famine. 

The Club of Rome, assuming that the resources were limited, had warned of the 
oil crisis and of the impending shortage of petroleum products. They were of the view 
that the renewable resources could only be exploited marginally and that in most cases 
we have already crossed the margin of increase. According to them, the world's fish 
population was declining due to over-exploitation with the result that more species have 
vanished during the 20th century than in the last million years. Resources were being 
depleted fast which otherwise could have sustained a smaller population for a longer 
duration. It is wrong to say that destruction is a necessary evil of growth. The growth 
is only destructive if it ignores the limits of the environment. Some elements of the 
environment are limited, others are not. 

3.3 Population 

With the favourable and right type of conditions existing on Earth, the life on 
this planet evolved through several stages, survived and flourished in abundance, 
creating a wide variety of flora and fauna. Man with his intelligence and skills tried to 
dominate the earth often taming the natural forces. His inventive nature and ingenuity 
helped improve his living conditions and the human popUlation started growing but 
from the time of emergence of Homo-Sapiens on this planet to about the year 1900, the 
human population grew only to 1.6 billiions. With fast technological advancement and 
economic growth, the population started growing rapidly and there was an increase of 
56 per cent by 1950 and the world population reached a level of 2.5 billions. By the 
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year 1980, it further grew by 76 per cent to a total of 4.4 billions. Today, it stands at 
about 5.5 billions. Thus the world population has more than doubled since 1950 and 
this has resulted in a steep rise in the number of people on this planet. Whereas births 
exceeded deaths by 37 million in 1950, the net population gain in 1993 was about 87 
million - roughly equal to the population of Mexico. Obviously, all these people will 
have to be fed, clothed and housed and each will use a portion of our finite resources 
and add to the global pollution. With uneven economical development, about one half 
the present population is either ill-fed or malnutritioned. Three-fourth does not have 
either adequate housing or safe and sufficient water supply. 

The United Nations (UN) medium population projections show that the world 
population would reach the level of 8.9 billion by 2030 - 2.2 billion more people than 
if the slowdown of the seventies had continued - and would level off at 14.5 billion 
around 2150. The fast increase in human population has its own share of consequences. 
As of today, it is estimated that the Homo sapiens alone have appropriated nearly 40 
percent of the terrestrial food supply, leaving only 60 percent for the millions of other 
land-based plants and animals. Therefore, the phenomenal increase in World human 
population in future, would considerably put pressures on Earth's carrying capacity and 
would also threaten the survival of other species on Earth. 

3.4 Canying Capacity of Ewth 

The growth that works in consonance with the environment is called as 
sustainable development. Sustainable development will be the foundation of economic 
and social planning in the next century. If this does not happen, Malthusian principle 
will take over, which according to Thomas Malthus, the originator of the principle 
(1798), says that "the growth of human population would outstrip the Earth's food 
producing capacity". 

Biologists have often applied the concept of carrying capacity in the context of 
population pressures on environment. Carrying capacity is the maximum population of 
given species that a habitat can support indefinitely. When this level is surpassed, the 
resource base begins to shrink and thereafter at some point of time, the population 
begins to decline. The example of 29 reindeers [4], who were put on St. Matthew 
Island in the Bering Sea for the first time in 1944 provides a glaring illustration of this 
phenomenon .. Initially, under favourable conditions, the number of these reindeers 
swelled to 6000 in 1963. However, during the following winter, their population fell to 
less than 50 reindeers, since the large herd had overgrazed the island's lichens, which 
used to be its main source of winter forage. 

However, the human interaction with environment is far more complex and 
Earth's capacity to support humanity is not determined just by its basic food 
requirements but also by the levels of consumption of the whole range of resources, by 
the amount of waste generated, and by the technologies in vogue. Consequently, due to 
unchecked growth of population, consumption patterns, and choices of technologies, 
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we have surpassed our planet's carrying capacity. If the present trend in resources 
consumption continues and the world population keeps growing as projected, by the 
year 2010, the per capita availability of rangeland, cropland area, forestland, and the 
fish catch will drop by 22 per cent, 21 per cent, 30 per cent, and 10 per cent, 
respectively. Vaclav Smil [4] estimated that between 1957 and 1990, China's arable 
land had diminshed by at least 35 million hectares- an area that equals to all the 
cropland available in France, Germany, Denmark, and the Netherlands. Taking 
China's 1990 average grain yeild and consumption levels, this area of cropland could 
only have supported 40 per cent of its popUlation, say about 450 million people. 

Realizing the gravity of the situation, more than 1,600 scientists, including 102 
Nobel laureates, collectively signed a Warning to Humanity in 1992, which reads as: 
"no more than one or a few decades remain before the chance to avert the threats we 
now confront will be lost and the prospects for humanity immeasurably diminished .... 
A new ethic is required- a new attitude towards discharging our responsibility for 
caring for ourselves and for the earth .... This ethic must motivate a great movement, 
convincing reluctant leaders and reluctant governments and reluctant peoples 
themselves to effect the needed changes. " 

However, there is another view held by some optimists that Earth possesses an 
infinite resource of sunlight, which largely remains untapped except through natural 
means such as photosynthesis and the cycling of water between the oceans and the 
atmosphere. In order to estimate the upper limit of the planet's carrying capacity, one 
must determine the total amount of solar energy through plant photosynthesis and 
subtract from it the energy the plants use for their life processes. This is generally 
known as Earth's net primary productivity (NPP) , and it is the basic source for all life 
on Earth. Prior to human interaction with the environment, the earth's forests, 
grasslands, and other terrestrial ecosystems had the potential to produce a net total of 
some 150 billion tons of organic matter per year. Vitousek et aZ, [4] had estimated that 
humans have already destroyed about 12 per cent of the terrestrial NPP and now 
directly use or co-opt an additional 27 per cent, making a total of nearly 40 per cent. 
Therefore, it would only be wise and proper, if the economic activities of men are 
altered to make them work in consonance with the biosphere instead of in competition 
with it. 

In any case, we have entered an era in which global prosperity would 
increasingly depend on using Earth's resources more efficiently, distributing them more 
equitably, and reducing the overall consumption levels. Unless we can accelerate this 
process, serious social tensions are likely to arise from the increased competition for 
the remaining scarce resources of Earth and the world might even face a frightening 
catastrophe. 
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4. Environmental Perspective of Development 

It is indeed ironical that in our efforts to make the earth yield more for the 
increasing human population, we are diminishing the Earth's ability to sustain life of all 
kinds, including human beings. Cropland is hardly expanding any more, and a good 
portion of existing agricultural land is losing its fertility. Grasslands have already been 
overgrazed and fisheries overharvested, thus limiting the amount of additional food 
from these sources. We have seen earlier, how the water bodies are constantly getting 
depleted and polluted, which severly would restrict our future food production and 
urban expansion. Our natural forests- which help stabilize the climate, moderate water 
supplies, and hold a majority of the planet's terrestrial biodiversity-are continually 
receding. Burning fossil fuel, energy generation and use has seriously created air 
pollution problems. All these environmental factors have now reached threatening 
levels. 

Therefore, in 1971, a panel of experts from both developed and developing 
countries met in Founex, Switzerland, to consider the environmental related issues and 
identify the links between development and environment. The panel identified many 
serious environmental problems and in this section, we would survey the extent of 
damage and degradation that has been caused to our environment on account of 
technological development and faster economic growth. Since 1950, the global 
economy has expanded fivefold. We have increased our industrial production several 
times over. As much was produced in two-and-half months of 1990 as in the entire 
year of 1950. For instance, between 1950 and 1990, the industrial roundwood harvest 
doubled, water use tripled, and oil production rose nearly sixfold. Along with this 
increase in production, the environmental damage also increased proportionately. 

4.1 Land Degradation 

There has been extensive degradation of land due to indiscriminate destruction 
of forests, over-grazing by live stocks and mismanagement of agricultural lands. Table 
1 provides an idea of the extent of this damage. It is estimated that nearly 15 per cent 
of Earth's land area has already been degraded. Of this,50 per cent is eroded by water 
and 25 per cent by wind, 10 per cent by chemicals on account of loss of nutrients, 
salination and acidification, and 4.2 per cent by compaction, waterlogging and 
subsidence. The main causes of land degradation are overgrazing, deforestation, over
exploitation, waste accumulation, excessive manuring and use of agro-chemica1s. 

4.1.1 Deforestation 

Some 1.2 billion hectares of Earth, - an area equal in size to almost two-thirds 
of the landmass of Latin America, - is covered by humid tropical forests, including 
jungles, rain forests, cloud forests, swamps, and mangroves. It is estimated that at least 
7.5 hectares of this closed tropical forest is being cut down every year in the 
developing countries. Upto two-thirds of tropical deforestation occurs for the purpose 
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of increasing agricultural production. Every year, between a third and a half of the 5 
million hectares of tropical forest is cleared for agriculture. About 80 per cent of this 
clearing is attributed to the slash-and-burn agriculture practice by the poor in these 
regions. In fact, experience [5] has shown that the fertility declines by more than 50 
per cent within the first three years. 

Table 1 Human-Induced Land Degradation Worldwide, From 1945 to 1991 

Agricultural Degraded Area as 
Over- Defore- Mismana- Total Vege-

Region grazing station gement Other1 Total tated land 
(million hectares) (percent) 

Asia 197 298 204 47 746 20 
Africa 243 67 121 63 494 22 
S. Amer. 68 100 64 12 244 14 
Europe 50 84 64 22 220 23 
N. & Cent. 
America 38 18 91 8 158 8 
Oceania 83 12 8 0 103 13 
World 679 579 552 155 1,965 17 

Source: Worldwatch Institute, based on "The Extent of Human-Induced Soil Degradation", Annex 5 in 
L.R. Oleman et aI., Word Map of the Status of Human-Induced Soil Degradation (Wageningen, 
Netherlands: United Nations Environment Programme and International Soil Reference and Information 
centre, 1991) 

1 Includes exploitation of vegetation for domestic use (133 million hectares) and bioindustrial activities, 
such as pollution (22 million hectares ). 

Large tracts of tropical forest have been slashed down in the Amazon basin to 
make cultivatable farms. In fact, much of the timber was not even used, but simply 
burned. Later they discovered that the soil in tropical forests is exceedingly thin, since 
most of the nourishment in a tropical ecosystem is carried in the leaves, stems, and 
mosses that were eliminated when the land was cleared. Extended exposure to the sun 
and oxygen further induces a complex chemical reaction in the soil, which produces a 
product called laterite, which is rock-like and unable to support vegetation. Only after 
four or five years of cultivation, many of the farms were abandoned. It is not clear 
how vegetation would be restored once again on these lands. 

According to an FAO's estimate, nearly a quarter of a billion people (roughly 
100 million in rural areas and 150 million in urban areas) in 1983, suffered from acute 
shortages of fuelwood as a result of deforestation. Their study estimated that nearly 1.3 
billion people (a billion in rural areas) lived where they could meet their demand for 
wood by cutting trees. The trees in such areas are cut faster than they are regenerated. 
Over 700 million of these people lived in the country sides and small towns of Asia, 
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mainly in the great plains of the Indus and Ganges rivers and in Southeast Asia. Thus 
FAO estimates that, by the year 2000, as many as 3 billion poor people will face acute 
shortages of firewood, which is used as their principal source of energy. Deforestation 
for the sake of fuel wood also contributes to global climatic changes on Earth by 
increasing the concentration of carbon dioxide in the atmosphere. 

On a local scale, tropical deforestation results in major changes in hydrologic 
balances and may reduce rainfall upto SO per cent. Removing the tree cover in head 
water areas leads to rapid run off, increases erosion upstream and increases flooding 
downstream - a process that is economically affecting India, Pakistan and Brazil, badly. 
Tropical forests represent a biomass rich with tighly held nutrients that have been 
continually recycled through ecosystem over thousands of years and may initially help 
crop production for few years after cutting them down but eventually the soil would 
lose nutrients and become poor and incapable of crop production, once it is washed 
away over a few years in absence of any tree cover. 

4.1.2 Desertification 

Dry lands where the degradation has been mainly through desertification cover 
nearly half of the Earth's land surface, 62 per cent of irrigated land, 36 per cent of its 
rain-fed croplands and 68 per cent of its rangelands. An average rate of current 
desertification in the world's drylands [6] is about 3.S per cent per year. The main 
causes of desertification can be traced to increasing population of human beings and 
livestock, chronic drought, bad land use practices, heavy debt burdens and harsh 
international trade conditions. About 216 million hectacres of dry rain-fed croplands 
have been affected by water and wind erosion, loss of nutrients and physical 
deterioration and about 3.3 billion hectares of rangelands in drylands have been 
affected by loss of vegetation and by erosion. Some 70 per cent of all agriculturally 
used drylands suffer from varying degrees of desertification. About 1.S billion 
hectares of formerly productive land [7] - an area nearly equivalent to all presently 
cultivated land of the world - have been irreversibly converted into desert. 

The productivity of almost 900 million hectares of drylands in the developing 
countries (nearly 20 per cent of the total) is already degraded by desertification. At 
least 850 million people live in dry areas, where desertification is causing productivity 
to decline, and 230 million of these people are estimated to occupy desertified land. In 
Sub-Saharan Africa alone, 65 million hectares of once productive grazing lands have 
converted into deserts in the past half-century, affecting some 100 million people who 
live in these areas. 

It is estimated [8] that desertification today costs world some $42 billion a year 
in terms of lost onsite income and the offsite and social costs may be several times 
more'tlian this, but the cost of halting desertification and direct corrective action in the 
affected areas works out to $ 3.8-11.4 in a year for a 20 years programme which could 
be considered as an investment for the future of our planet. 
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4.1.3 Soil Erosion 

The earth's top soil is a crucial for agriculture, but in many parts of the world 
soil is being eroded or is getting degraded at rates sufficient enough to cause 
agricultural productivity to decline drastically. Erosion may cause rainfed crop 
productivity to decline by as much as 19 to 29 per cent in next twenty-five years [9] 
(FAO, 1984). The amount of agricultural land now, being lost through soil erosion 
alone, is estimated at a minimum of 20 million hectares per year. From 1985 to 2000, 
the losses may reach a cumulative total of 540 million hectares. 

While, hundreds of years are required to renew a mere 25 millimeters of soil, or 
an equivalent of 400 tons of soil per hectare, yet an erosion rate of fifty tons per 
hectare per year is very common in developing countries. This loss can be made good 
only by using increased amounts of chemical fertilizer. But this technique also very 
soon leads to declining returns: nitrogenous fertilizer put on eroded soil is often only 
one-third as effective as it is on un eroded soil. At the same time, soil erosion is often 
difficult to discern. A loss of fifty tons per hectare per year amounts to only three 
millimeters of loss from the top of the soil, but it is enough to cause the productivity 
of most soils to decline. 

Environmental deterioration could play havoc in those rainfed agricultural areas, 
also which otherwise with good land management practices, would sustain long term 
high-productivity agriculture. FAO has estimated that without long term conservation 
measures, 544 million hectares of rainfed cropland in the developing countries are 
threatened. Regionally, 10 per cent of South America's rain fed cropland, 30 per cent 
of Central America's, 17 per cent of Africa's, 20 per cent of Southwest Asia's, and 36 
per cent of Southeast Asia's face soil erosion and soil fertility problems that could 
remove these lands from productivity by the year 2000. 

Hillside cultivation has further caused serious erosion of an estimated 160 
million hectares of upland watersheds in tropical countries in recent years. Some of the 
most devastated areas include the highlands of Ethiopia; the uplands of the Andean 
region; virtually the entire upper Himalayan watersheds; the central highlands of much 
of Central America; and Haiti, the Dominican Republic, and several other Caribbean 
countries. Some 500 million people are estimated to occupy hillside areas at risk on 
account of destruction of vegetation cover and soil erosion. In recent years, 
waterlogging and soil salinization have spoiled nearly an equal amount of irrigated 
agricultural land from production in India, Pakistan, Egypt, Philippines, Sri Lanka, and 
other countries, as have been opened by new irrigated projects. Another reason of 
concern is that up to 40 per cent of all agricultural production takes place in valley 
floors and deltas downstream. It is estimated that the livelihood of 400 million farmers 
living in those downstream lowland areas in developing countries is threatened by soil 
erosion in upland watersheds due to excessive flooding and sedimentation. 
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4.1.4 Mining Spoils 

The assumption that prosperity is synonymous with the quantities of minerals 
taken from the earth has shaped the industrial development of all countries of the world 
and therefore the mineral extraction has always been on an increase. This increase in 
apetite for minerals, over years, can be easily judged from the fact that the annual 
production of pig iron now stands at more than 500 million tons- or 22,000 times of 
what it was in 1700. The production of copper and zinc are now 570 and 7,4000 times 
greater than these were in 1800. Although aluminum was added to the list only after the 
electrolytic process was invented in 1886, smelters now tum out 18 million tons of this 
metal annually. Therefore, it is no surprise that the mining industry stands out as a 
single major contributor to the land degradation and pollution in the world. 

Of the minerals extracted from the earth, metals form a major portion and iron 
is the most important of them. About thirty times as much iron is produced as the next 
most common metal, viz., aluminium. Iron is mostly converted into steel and is a 
cheap and strong material costing only 35 to 50 per cent of the cost of aluminum- its 
most common substitute. Table 2 provides an idea of the level of production of various 
minerals in the world, wherein the data given exclude metals obtained through 
recycling. In this table, the figures for metals are smelter production or metal content 
of ore, whereas the figures for nonmetals are ore mined. 

Consequences of Mineral Extraction 

Mining is usually a dirty industry [10]. Scouring for minerals has damaged 
large areas of pristine land of the world. For example, a copper mining operation in 
U.S.A. has removed a land mass in Utah seven times the weight of all the material dug 
for the Panama Canal. In fact, a chain of devastating environmental consequences is 
unleashed by mining operations. The fields are devastated, the woods and groves are cut 
down to meet the demand of timbers, machines and smelting of metals and in this 
process, some beasts and birds are also exterminated. In addition to the land spoils, 
while the ore is washed, the water source, which is generally a river or a stream, is 
continuously poisoned and this destroys fishes or the other marine life. Besides, 
mining's environmental effects remain for a long time and it may require tremendous 
effort and money to rejuvenate the spoils. 

A typical mineral extraction process, say for instance copper production, 
involves five stages. First, the overburden, i.e., the soil and rock that lie above the ore 
are removed. After the ore is mined, it is crushed and run through a concentrator, 
which physically removes impurities. The concentrated ore is then reduced to a crude 
metal at high temperatures in a smelter, and finally the metal is purified, by remelting, 
in a refinery. Each stage of the metal extraction creates its own adverse impact on the 
environment. 
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Table 2 Estimated World Production of Selected Minerals, 1991 

Minerals Production 
(thousand tons) 

Metals 
Pig Iron 531,000 
Aluminium 18,500 
Copper 9,000 
Manganese 6,700 
Zinc 7,400 
Chromium 3,800 
Lead 3,370 
Nickel 953 
Tin 210 
Molybdenum 110 
Titanium 82 
Tungsten 39 
Cobalt 34 
Cadmium 20 
Silver 14 
Mercury 6 
Gold 2 
Platinum-group Metals 0.3 

Nonmetals 
Stone 11,000,000 
Sand and Gravel 9,000,000 
Clays 500.000 
Salt 186,000 
Phosphate 160,000 
Potash 160,000 
Lime 135,000 
Gypsum 98,000 
Soda Ash 33,000 

Sources : U. S. Bureau of Mines (USBM), Mineral Commodity summaries 1992 (Washington, D.C. : 
1992); Donald G. Rogich, "Trends in Material Use: Implications of Sustainable Development," 
Division of Mineral Commodities, USBM, April 1992; figures for stone, sand and gravel, and clays are 
Worldwatch estimates based on USBM, Mineral Commodity Summaries. 

In 1989, U. S. surface mines produced 8 times as much wastes per ton of ore as 
the underground mines did. The overburden in that year accounted for more than a 
third of the 3.4 billion tons of material handled at the non-fuel mines. Although such a 
material may be chemically inert, yet it can clog streams and cloud the air over large 
areas. About 90 per cent of metal ore ends up as tailings, which are usually dumped in 
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large piles or ponds near the mine. The fmely ground material makes contaminants 
(such as arsenic, cadmium, copper, lead, and zinc) accessible to water which otherwise 
were earlier bound up in solid rock. This results in acid drainage and exacerbates 
metal contamination, since sulphur makes up more than a third of the commonly mined 
ores of many metals, which includes copper, gold, lead, mercury, nickel, and zinc. 
Tailings also usually contain residues of organic chemicals (used in ore concentrators), 
such as toluene- a solvent hazardous to human skin and to the respiratory, circulatory, 
and nervous systems. 

Mining and smelting have created large environmental disaster areas in many 
nations. In the United States, which has a long history of mining, at least 48 of the 
1,189 sites on the Superfund hazardous waste cleanup list are former mineral 
operations. The largest Superfund site lies across the state of Montana, along a 220-
kilometer stretch of Silver Bow Creek and the Clark Fork river. Water and sediments 
in the river and downstream reservoir have been contaminated with arsenic, lead, zinc, 
cadmium, and other metals, which have also spread to nearby drinking-water aquifers. 
Further, soils throughout the valley have been contaminated with smelter emissions. 
The Clark Fork Basin was the site of mining and smelting for more than 100 years, 
including what was at one time the largest open pit in the world, viz., the Berkeley Pit 
copper mine. The pit and a network of underground mines contain more than 40 
billion litres of acid mine water that rises higher each year, threatening local aquifers 
and has already contaminated local streams.It is estimated that cleaning up the pit and 
other sites in the area would cost over $1 billion. 

The grade of an ore, which actually quantifies the metal content in percentage 
terms, also affects the overall impact of metal mining. Generally, the average grade of 
copper ores is lower than that of other major metals. Some four centuries ago, copper 
ores typically contained about 8 per cent metal, whereas the average grade of ore being 
mined today is below 1 per cent. Consequently, eight times more ore is required today 
than earlier to obtain the same quantity of copper. In fact in 1991, some 110 tons of 
ore were mined to produce about one ton of copper. 

Today, the effects of mining on the earth are as destructive as that of natural 
forces such as erosion. It is not easy to clean up the mineral industry and its legacies 
since this would involve cleaning up abandoned mineral projects, which often require 
moving, treating, and conveying huge amounts of material, spread over large areas. 

Smelting produces a huge quantity of air pollutants and each year it pumps 
millions of tons of sulphur dioxide and other pollutants into atmosphere. Pollution 
from smelting has created biological wastelands as large as 10,000 hectares and is a 
major source of world's acid rain. It is estimated that the smelting of copper and other 
nonferrous metals annually releases an estimated 6 million tons of sulphur dioxide into 
the atmosphere, worldwide, and amounts to an 8 per cent of total emissions of the 
sulphur compound. Nonferrous smelters also release large amount of arsenic, lead, 
cadmium, and other heavy metals in the environment. If there is no pollution control 
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equipment, aluminium smelters emit tons of fluoride, which can get concentrated in 
vegetation and kill not only plants but also the animals that live on them. 

It is a fact that uncontrolled smelters have produced some of the world's 
environmentally disaster areas called as dead zones, where little or no vegetation can 
survive. A dead zone around the Sudbury, Ontario, nickel smelter in Canada measures 
10,400 hectares and the acid fallout from the smelter has destroyed fish populations in 
lakes as far as 65 kms away. At the beginning of this century, a smelter at Train, 
British Columbia almost killed all conifers within 19 kms and retarded the growth of 
trees up to 63 kms away. In the United States, a dead zone sorrounding the Copper hill 
smelter in Tennessee extends 7,000 hectares. In the United Kingdom, 400,000 hectares 
of agricultural land have been lost to metal smelting since the industrial revolution; and 
in Japan, about 6,700 hectares of cropland have been highly contaminated and it is not 
possible to produce rice there, any more. Further, an inefficient smelter would only 
aggravate environmental degradation. For example, for each kilogram of copper 
produced, 12.5 times more sulphur dioxide is released from Chilean smelters to the air 
than from those in the United States. 

The mineral industry is also a large user of energy and contributes significantly 
to the climatic changes and to the local environment. Mines and smelters consume 
nearly a tenth of all the energy produced annually, and leave waste in billions of tons, 
dwarfing the world's total of municipal garbage. In fact, more material is stripped 
from the earth by mining than by erosion caused by the earth's rivers. The 
environmental damage from ever-increasing mineral production can never be 
compensated by the benefits accruing from it. It must be clearly understood that it is 
the extraction and processing of minerals, not their use, that poses the greatest threat to 
the world's environment. 

4.1.5 Waste Dumps 

In addition to earlier sources of land degradation, the use of land as a dumping 
ground for domestic and municipal waste, and other industrial wastes has created 
severe pollution problems. The magnitude of this problem can be had from the 
quantities of various kinds of wastes generated, over the world. The problem is more 
serious in developed countries than elsewhere. 

Municipal Wastes 

Over 195 million tons of garbage was generated in 1990 in the U.S. alone (over 
4 lbs. per person per day). Garbage is unsightly, malodorous, potentially unsafe and 
hazardous; thus it must be disposed of or used properly. The U.S. culture often 
believes in the concept of obsolescence in which no product is used over its entire 
lifetime. Even durable products eventually find their way into junkyards. It is found 
more convenient and often economical to throwaway domestic items like kitchen 
gadgets, TVs, clocks and cabinets than to get them repaired, as is common in many 
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developing countries, due to high cost of repairs on account of labour charges. At the 
end of 1980s, the average quantity of municipal waste. per capita in the OECD 
countries was 513 kg per annum. 

Industrial Wastes 

In 1990, OECD countries produced nearly 1500 million tonnes of industrial 
waste. Table 3 shows the levels of all types of solid wastes produced by various 
countries towards the end of 1980. 

Table 3 Municipal and Industrial Waste Generated 

Waste Generated, late 1980s (in 1000 tonnes)a 

Hazardous and 
Municipal Waste Industrial Waste Special Waste 

Canada 16400 61000c 3300c 

USAa 208800 760000 275000 
Japan 48300 312000 
France 17 000 50000 3000 
Germanyb 20200 61400 6000 
Italy 17300 43700 3800 
UK 17700d 50000 4500 

North America 225000 821000 278000 
OECD Pacific 60000 333000 
OECD Europe 136000 272 000 24000 

OBCD 420000 1430000 303 000 

Eastern Europee 520000 19000 
Rest of the Worlde 180000 16000 

Worlde 2100000 338000 

Source: The state of Environment GECD, Paris, 1991. 
Notes : a) Inter country comparisons should not be made without proper attention to variations in 

national definitions, in particular with respect to hazardous and special waste (e.g., USA's 
total includes liquid wastes). 

b) Includes western Germany only. c) 1980. d) England and Wales only. 
e) Secretariat estimates. 

In several countries, particularly in the power sector, coal is still used to fire 
thermal power plants and therefore ash and clinker besides flue gas, desulphurisation 
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sludges are produced in very large quantities of the order of several million tonnes 
annually. Disposal of these wastes poses considerable problems since the waste is 
bulky and of low value and its transportation may prove to be very costly. Recovery of 
useful materials from these wastes is also expensive although efforts are being made to 
make use of flyash to produce construction material which may require ancillary plants 
to be located close to thermal plants to utilize this waste. 

Potential hazardous wastes produced are estimated to be around 275 million 
tonnes per annum in the United States alone, 24 million tonnes in OECD countries and 
338 million tonnes per annum worldwide. The hazardous and special wastes include a 
wide variety of substances, 50 per cent of which are generally chemicals. For OECD, 
the hazardous waste comprises 6-7.5 per cent of the total, waste paint 4-5 per cent, 
waste containing heavy metals 4-10 per cent, acids 30-40 per cent and oily wastes 17-
20 per cent. 

Small Quantity Hazardous Waste 

Another category of waste produced by households, hospitals, medical and 
research laboratories, photographic laboratories, farms and certain industries requires 
mentioning here. Some 90 per cent of this small quantity hazardous waste (SQHW) 
from motor oils, batteries, paints, medicines, lacquers, solvents, plant nutrients, 
products used for maintenance and cleaning, glues etc. The amount of SQHW in the 
U.S. alone is estimated to be 3-20 million tonnes and 0.5-1 million tonnes for EEC. 

Disposal of Wastes 

Currently, worldwide there is an ongoing struggle to find landfills for dumping 
all these wastes. Burial in municipal landfill sites continues to be the usual way of 
disposal of municipal waste. For example, 60 per cent in USA, 70 per cent in EEC 
countries, and 38 per cent of this waste in Japan is sent directly to landfill sites. Over 
years, existing landfill sites have saturated and public today opposes creation of new 
landfill sites. Incineration is the most usual way, after landfill, of disposing municipal 
waste. In 1988, there were 525 incineration plants in EEC countries alone. Although 
some advantage may be obtained through this way of dealing with municipal waste as 
one can recover energy by burning the waste but it also produces solid wastes (clinkers 
and substances trapped in filters) which are hazardous residues. Composting may be 
considered as another method of disposal of municipal waste. In several OECD 
countries, some fairly sophisticated methods of pyrolysis, gasification, production of 
derived fuels are in vogue. The EEC has funded over 15 anaerobic digestion research 
and pilot plant projects and since 1988, France is operating an industrial-scale 
sorting/methanisation plant. 

Sewage sludge disposal also presents a major environmental problem since the 
sludge treatment processes produce large amounts of slimy, offensive sludge containing 
95 per cent water. The sludge is generally digested anaerobically in order to make it 
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free of pathogenic organisms and offensive odours and to reduce in volume. 
Subsequently, it is disposed either by spreading on land or dumping at sea. During the 
digestion process, methane gas is produced and can be utilised to heat the digester and 
to run the plant. The sludge can also be incinerated, but this is expensive and may be 
necessary only in large cities, where other means of disposal may not be feasible. 
Sludges in the coastal cities are usually dumped at sea. Sometimes, untreated sludge are 
spread directly on land and if it has not been digested, there may be a risk of the spread 
of pathogenic diseases. Sludge heavily contaminated by heavy metals poses serious 
environmental problems. Despite these problems, a substantial proportion of sewage 
sludge is spread upon land as this is the least costly method of disposal. Unless a 
minimum digestion period is allowed and the heavy metals content of the sludge is 
within permissible limits, disposal by spreading on land is an attractive option 
particularly where availability of land poses no problem and the sludge can be 
beneficially used as a fertiliser. 

During first half of 1980, the most common methods of hazardous waste 
management were above ground storage and "controlled" burial. In Europe, some 
dumping at sea was also resorted to but landfills are still the common method of 
disposal. Some countries however insist on pretreatment such as detoxification, 
insolubilisation etc. before these substances are dumped as landfills. 

At the beginning of 1980, several cases of export-import of hazardous wastes 
also came to light. In 1983, a large scale West-East movements of hazardous wastes 
were reported. Between 200,000-300,000 tonnes of potentially hazardous waste were 
transported from EEC countries to East European countries. There were also 
movements of hazardous wastes from industrialized to developing countries. Several 
shady deals between American and/or European firms and African governments came 
to be known. There is absolutely no justification in such shipments, particularly when 
developed countries themselves do not have the means or find it uneconomical to treat 
and dispose of these wastes safely, how the poor countries of South can be expected to 
have such facilities. It only proves that the developed countries without bothering 
about their brothers in developing countries, just want to get rid of this hazardous waste 
somehow since they can't be dumped legally at sea in the country of origin. 

The hazards that may result all over the world in future from inadequate 
disposal of toxic wastes through landfills may even be more serious and costly to 
manage than to have means of scientific disposal of these wastes. This was amply 
demonstrated at Love Canal, in U.S.A., where several thousands of tonnes of chemical 
waste were dumped in metal drums and the land was subsequently covered. This land 
later on was sold for development but in 1970s, different toxic chemicals, many of 
them carcinogenic, began to seep into the cellars of the residents resulting in serious 
illnesses, miscarriages and birth defects. Several of these residents were relocated. In 
1985, 21512 potentially hazardous landfill sites were discovered in USA, of which 
1750 needed immediate remedial measures. In Denmark, 3115. sites containing 
chemical wastes had been discovered and in 1970 some 50,000 in western Germany 
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alone were identified, of which 5000 needed treatment. At Lekkerkerk village in the 
Netherlands, the entire village was polluted by aromatic hydrocarbons and the soil had 
to be removed and replaced. Obviously, in future the global cost of remedial measures 
is going to be very high, if proper care is not taken. It is estimated that the cost of 
immediate remedial measures for the Netherlands, Germany (Western), and the US 
would be of the order of $6 billions, $30 billions and $100 billions, respectively. 

In the US, a new regulation has been adopted which has led to setting up of a 
fund (called Superfund) to support the campaign against hazardous wastes. This fund 
is partly supported by the taxes levied on producers of certain chemicals and oil 
companies. The EEC in the context of the Fourth Community Environment Action 
Programme has put forward several proposals to remedy and prevent soil pollution. 

Disposal of Radio-active Waste 

Radioactivity in small quantities is always present in the nature such as from 
granite, but it is the highly radio-active materials from nuclear weapons and power 
generation plants that are considered hazardous and dangerous. Low-level radio-active 
waste is also routinely discharged from nuclear power plants and reprocessing plants 
through the medium of air, water. Spent fuel from nuclear power plants are highly 
radio-active and contains highly radio-active fission products and plutonium isotopes. 
For example, plutonium has a half-life of 24,000 years to decay. These wastes 
therefore need to be isolated from environment for a very long time to come, viz., for 
several hundreds of years. High level radio-active wastes are stored in stainless steel 
tanks and buried. One popular method is to mix the moist waste chemicals with 
pulverized glass (similar to Pyrex), heat the mixture in a furnace to molten form and 
pour the liquid into metal containers called canisters. The solidified waste can then be 
stored, shipped and disposed of. The glass waste is expected to resist leaching by 
water for hundreds of years. The other method is to consolidate rods and bundle them 
together in a container and molten material such as lead can be used as a filler. 

Some of the ways of disposal of radioactive waste are: 

(a) to drill large deep holes in the earth and lower canisters into them. 
(b) place canisters in sea bed. 
(c) sink vertical shaft a few thousand meters deep, excavate horizontal 

corridors radiating out and place canisters there. 
(d) ship canisters to Antartic and place them on the polar ice cap to allow 

them to find their way down to the base rock. 

Each of these methods of disposal would make this planet unsafe to live on, particularly 
in the distant future when a large number of nuclear installations would be required to 
meet the energy demands of increasing human popUlation of this planet. In fact, the 
future of nuclear energy option largely depends on safe disposal of these radio-active 
wastes. 
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4.2 Water Pollution 

Pollution of water used for drinking and in the preparation of food occurs 
mainly due to microbial and chemical contamination and contributes considerably to ill
health through water-borne diseases. Although we were able to increase supply of water 
in the 1980s, drinking water quality [13] still remains far from being satisfactory, thus 
leading to health hazards in the developed and developing countries. Contaminants 
found in drinking water as a result of treating raw low quality water include impurities 
due to treatment reagents such as chlorine, chlorine dioxide and water softeners, 
asbestos, metals and organics, which are generally not visually apparent to a consumer 
but have long term health implications. 

Surface water is very often polluted by poorly managed sewage, industrial 
wastes, and agrochemicals, and ground waters are progressively getting contaminated 
due to soil pollution. In addition, water contamination has directly affected human 
health through contaminated crops and poisoned fishes. Large-scale development 
activities in the vicinity of rivers and lake basins have aggravated these problems. Even 
coastal and marine pollution has increased considerably due to the discharge of 
industrial and shipping wastes and oil spills threaten marine life and food. Expansion of 
ports and the coastal cities, including the growth of tourism, has had health impacts in 
terms of infections, chemical contamination of seafood and other edible biota, besides 
spoiling the recreational areas. Even farming, particularly, when nitrates and pesticides 
seep through the soil, causes water pollution. 

4.2.1 Surface Water Pollution 

Inadequately treated sewage and industrial effluents, drainage water and run-off 
from land are the main sources of freshwater pollution. The quality of effluent and its 
damage potential to aquatic life are measured according to a number of criteria such as 
levels of biological oxygen demand (BOD), chemical oxygen demand (COD), total 
coliform, ammonia, nitrates, nitrides, surface-active agents, cholisides, flourosides, 
solvents, phenols, pesticides, fertilizer, suspended solids. In fact, BOD and COD are 
both the measures of the amount of oxygen required by bacteria in order to oxidise 
organic pollutants and to make them inoffensive. This process ultimately produces 
water, carbon dioxide and new cell material. Sufficiently diluted organic matter that 
can be degraded in this way causes no problems, but organic molecules which are not 
degraded by bacteria can build up in the waterways, where they may interfere with the 
natural cycles and disrupt life processes. 

The absence of dissolved oxygen - Anoxia - often kills fish and produces odour. 
Further damage to environment is done by an excessive discharge of solid matters in a 
river causing silting, and it can also cut out light reaching the water, thereby reducing 
photosynthesis. Solids may also smother a river bed, affecting river life. In fact, 
suspended solids (SS) and BOD are the two most commonly used quality criteria [14] 
for water-borne discharges. Treatment of sewage involves screening to remove large 
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solids, removing the bulk of suspended solids in settling tanks, followed by biological 
treatment to reduce the oxygen demand in the sewage. Generally these treatment stages 
together remove 90 per cent of BOD and suspended solids. Oil from both industry and 
private vehicles, along with a variety of toxic organic and inorganic chemicals kill the 
micro-organisms necessary for biological purification. Levels of nitrates normally 
present in sewage effluents and run-off from fertilised land are also on the increase. 

Many industries produce quantities of contaminated wastewater which could 
cause serious pollution problems if not purified before discharge. These effluents are 
very varied in composition and their potential harmful effects on receiving waters 
include de-oxygenation, silting and the poisoning of river life by toxic chemicals. 
Cooling water discharges, many of them from power stations, are not generally treated, 
but by raising the temperature of receiving waters they can reduce the level of dissolved 
oxygen, making the water more susceptible to organic pollution. 

Toxic chemicals can kill animals, plants and bacteria, and an excess of organic 
waste will deoxygenate the water. Deoxygenations leads to foul smells eventually as the 
organic matter decomposes anaerobically, and apart from killing all life, this can make 
the water unsuitable for domestic and industrial use. The algal growth in surface 
waters is becoming a serious environmental problem. The flows of rivers Meuse and 
Loire in Belgium and France, cut off by dams and reservoirs, affected the quality of 
water of these rivers on account of algal growth. A variety of toxic inorganic and 
organic pollutants, particularly if they are stable and not integrated into the natural 
cycles, can cause specific problems, and they are not removed to any large degree in 
conventional treatment plants. The water in Lake Ontario is so polluted from toxic 
chemicals that fishermen are not allowed to eat their own catch. 

High levels of nitrates in rivers, apart from contributing to the eutrophication 
process may be a health hazard, particularly for bottle-fed babies, who may, in extreme 
circumstances, be prone to the 'blue baby' syndrome. In 1985, France, Germany, 
Luxembourg, the Netherlands and Switzerland still discharged 56 tonnes of 
chloronitrobenzene, 24 tonnes of cadmium, 500 tonnes of copper and 37 tonnes of 
chloroanilines [11] in the Rhine. In 1989, the Rhine also carried 40 kg per day of 
atrazine - a pesticide. In Sweden, discharge of toxic metals was reduced from 1300 
tonnes in 1972 to 55 tonnes per year in 1985 but 40 tonnes per year of chrome was still 
being discharged. The rivers flowing into North Sea carry several thousand tonnes of 
heavy metals and arsenic into it every year. In the U.S. 160,000 industrial and 
commercial facilities discharge wastes containing hazardous constituents into public 
treatment facilities. In Japan, the number of toxic samples came down from 564 out of 
89,074 (0.63 per cent) in 1971 to 32 out of 142,796 ( 0.03 per cent) in 1987, while 
fighting the industrial pollution. But it does not lessen the magnitude and importance of 
the problem. 
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4.2.2 Ground Water Pollution 

A few decades ago, ground water was thought to be pristine source of 
freshwater. However, the seepage of toxic chemicals into ground water is one of the 
most devastating of recent environmental calamities. Much of this contamination 
resulted from improper disposal of chemical wastes into landfills. Recent 
Environmental Protection Agency (EPA) studies indicated that about half of the 
underground water suplies in the U.S. are contaminated. Ground water can be highly 
polluted due to fertilizers and pesticides used in agriculture. Ground water in the U. S. , 
Denmark, France, the Netherlands have been reported to have high concentrations of 
nitrates. The Long Island in the U.S., has a history of severe ground water 
contamination due to a herbicide that was once applied to golf courses. Some very 
strong liquid wastes arising in small volumes may be unsuitable for discharge to 
waterways. These wastes are generally dumped at sea, or on to land which may 
eventually find their way to ground water sources. In such cases a preferable disposal 
method might be, for example, incineration or chemical treatment to render the waste 
less noxious; but these alternatives usually remain expensive compared with tipping. 
Volatile organic compounds such as trichloroethylene and chloroform are particularly 
mobile and have caused concern in the U.S., Germany, Japan and Italy. Sometimes, 
instead of point sources of pollution, diffused sources such as run-off from cities and 
agricultural areas may be responsible for pollution of the aquifers. The pathways in 
such cases are difficult to check. 

4.2.3 Marine Pollution 

Marine environment is an important component of biosphere. The interaction 
between marine environment and atmosphere creates complex patterns of global 
weather, which influences hydrological cycle. Oceans have an important role in 
establishing global temperatures since they absorb carbon dioxide. Sheer vastness of 
oceans have encouraged mankind to use them as waste disposal sinks. Oceans have also 
provided man with marine foods and economic benefits besides their use for 
transportation of goods. However there is pressure on marine environment due to 
human activities (from sewage wastes, agricultural run-off and industrial effluents, 
particularly in coastal areas). 

The estuaries and seas may receive pollutants from a variety of sources: direct 
dumping of wastes, accidents involving tankers at sea; polluted rivers; direct discharges 
of effluents; run-off; and fall-out from pollutants in the air. In the past the seas have 
been regarded as a sink for wastes on the assumption that pollutants will be diluted to 
such an extent as to render them harmless. In many instances, this assumption has 
been shown to be invalid, particularly where toxic substances are concerned, mainly for 
two reasons. Firstly, that the dilution is very often not rapid, and many effluent 
discharges to estuarine and coastal waters have caused localised damage. Secondly, 
many toxic substances, although present in sea water only in very low concentrations, 
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are accumulated in living things via food chains. In some instances this has harmed 
marine life, including fisheries and higher mammals. 

Contaminated seafoods cause gastro-intestinal disorders and infections which 
may be caused by bathing in pathogen-contaminated waters. The compounds of DDT, 
PCBs, biocides chlordane, toxaphene, lindane, dieldrin and organotin compounds such 
as tributyltin or TBT are found in the marine environment. All these enter oceans 
through rivers, run-off from agricultural land, atmospheric deposition, municipal and 
industrial discharges. DDT toxicity led to decline of brown pelican population of 
Anacapa Island in the U.S. PCB's and DDT were the cause of sea-lion abortions and 
premature births and declining population of seals and reproductive capacity of sea 
eagle. In Canada shellfisheries have been closed in the vicinity of pulp mill outfalls as a 
result of dioxin contamination. Some phytoplantons produce toxins which contaminate 
shellfish and other marine food. For example, in Japan's inland sea, increased levels of 
nutrients have affected aquaculture through increased phytoplanton toxins. 

Rivers and coastal discharges are mainly responsible for marine environmental 
pollution due to metals. Metals toxicity is very complex and depends on factors such as 
chemical form, concentration, temperature and salinity, as well as the life stage, 
adaptability and species of organism affected. Trace metals can affect organisms 
through acute or chronic toxicity. Mercury in methylmercury form followed by lead 
and cadmium if ingested in sufficient quantity can cause severe neurological disorders. 
Mercury in Minimata Bay, Japan generated these effects. Tuna fish in the 
Mediterranean, are said to have much higher mercury and lead levels now than they 
had two decades ago. 

One form of pollution affecting nearly all seas of the world is pollution from 
oil. Apart from accidents involving tankers at sea, a risk of oil pollution is presented 
by increasing numbers of oil terminals and off-shore drilling operations. About 3-4 
million tonnes per year of oil is released into ocean on account of this activity. Massive 
accidental spills are lethal to marine life particularly to sea birds and sea mammals. 
Loss of revenue and clean up costs after spill, besides loss of marine species, have 
serious economic dimensions. 

Plastics from packaging materials, fishing gear, convenience items and raw 
plastics, have also caused death or injury to marine life either through ingestion or 
entanglement. For example, in North Pacific 30,000 seals are estimated to be dying 
annually besides a large number of turtles and other species. Plastic litter has also been 
found in remote Arctic and South Pacific areas. In fact, in 1988 the U.S. removed 
some 907 tonnes of debris from 5600 kms of shoreline of which 62 per cent was 
plastic. 

Mining of solid minerals deposits from oceans although remains relatively at a 
low key but eventually its growth may soon become a cause of concern for the marine 
environment. 
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The largest source of radionuclides in the world I s oceans has been the 
atmospheric testing of nuclear weapons. In addition to this the U.S., Japan and some 
European countries have been dumping radioactive wastes. A total of more than 60,000 
T Bq of radioactive waste has been dumped in the oceans, whereas the atmospheric 
testing of nuclear weapons has produced a 200,000,000 T Bq of radioactive waste into 
this world I s environment. Since 1972, with the incorporation of London Dumping 
Convention, the dumping of high-level radioactive waste has been prohibited, while the 
intermediate and low-level wastes continued to be dumped till 1985, when a 
moratorium was imposed. 

4.2.4 Poor Water Management 

With the world population growing to at least 8 billion by 2015, the overall 
agricultural yields will have to grow more than 2 per cent a year - and about 3 per cent 
in irrigated agriculture - to achieve food security. But the benefits of irrigation to 
achieve such an increased food production could easily be offset by the damage to the 
environment resulting from inappropriate water management. Therefore, the need of 
proper and efficient water management for effective environmental protection can 
hardly be undermined. 

Quite often the extremes of climate can cause floods, droughts and thereby 
create economic and health hazards. Floods ruin crops, contaminate water supplies and 
destroy housing and belongings but it is also true that richest agricultural areas of the 
world are those which receive nutrient-laden and river-borne sediments through 
seasonal overbank flooding. Therefore, a proper flood control using system of dams, 
channels, flood levels warning and alarms is required. At the same time, it should be 
realized that although the dams and irrigation channels may help provide water for 
irrigation and power, they could also adversely affect soils, change the depth of 
groundwater, and thus alter the water qUality. These effects can appear even in the 
best-managed irrigation schemes. Dam failures, if safety and reliability considerations 
are not strictly enforced, may also cause severe environmental damages. Therefore a 
good water management is a :(lrerequisite to prevent envifonmental degradation in the 
long run. 

4.3 Air Pollution 

Air sustains life. Fresh and clean air is necessary for healthy life. An average 
healthy person requires roughly 14 kgs of air every day. But increasing emissions from 
industries and vehicles have adversely affected the quality of air that all the living 
beings on Earth inhale. Nearly 261 atmospheric pollutants have been identified which 
may be classified either as gases or particulates. Gaseous air pollutants include 
nitrogen oxides (NOx), sulphur dioxides (S02), hydrogen sulphides, hydrochloric acid, 

hydroflouric acid, chlorine ions, fluorides, chlorides, carbon mono-oxide, 
hydrocarbons and various organic vapours. 
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Particulates, free crystalline silica, lead and other heavy metals, dioxin, short 
and long term radioactive elements also pollute the air. Particulates can be further 
classified as grit, dust or fume, depending on the particle size. Grit is generally of 
particles larger than 76 microns in diameter whereas the dust has particles of size 1 to 
76 microns and the fume has particles of less than 1 micron in diameter. The fume is 
often produced by the metal industries through vaporization and subsequent 
condensation of hot metals, and is the most difficult form of particulate pollution to 
control. Smoke, which consists of gas-borne solids resulting from the incomplete 
combustion of fuels, has been in the past a widespread form of particulate pollution. 

There are other large number of toxic trace pollutants found in air which are 
either emitted due to incomplete combustion or by diverse sources like metal smelting, 
waste of coal incineration, pigments in plastics. Toxic trace pollutants also include 
heavy metals such as beryllium, cadmium, mercury etc; organic compounds such as 
benzene, polychlorinated dibenzo-dioxin and furans, formaldehyde, vinyl chloride etc; 
radioactive particles such as radionuclides and radon; and fibres, such as asbestos. 
Every year, about l.1 million tonnes of toxic trace pollutants are released into 
atmosphere in the U.S. alone and some 100,000 tonnes of these emissions contain 
cancer-causing compounds including 10,000 tonnes of benzene, which causes leukemia. 

Air pollutants also include volatile organic compounds (VOCs) that comprise a 
wide variety of hydrocarbons and other substances which are highly reactive. Methane 
is one such hydrocarbon and is produced through organic decomposition process. 
Several carcinogens such as ethylene oxide, formaldehyde, phenol, phosgene, benzene, 
carbon tetrachloride, chlorofluorocarbons and polychlorinated biphyls are also 
produced by human activities. 

The air pollution has been mainly responsible for lungs related diseases, 
respiratory illnesses and increasing cases of asthma since most of the atmospheric 
pollutants enter human body through inhalation. It is the lungs that directly get affected 
the most by air pollution. The effect of air pollution in human beings is directly 
discernible by the colour of the lungs, which in case of country-dwellers is pink ( if 
they do not smoke) whereas those of city-dwellers is greyish in colour. Also deaths due 
to asthma are more in developed countries like Canada, USA, U.K., Denmark, 
Sweden, New Zealand and Japan. For example, between 1982 and 1991, the incidence 
of asthma rose by 56 per cent in America below the age of 18 with an average of 36 
per cent for several population. 

There are other parts of the body as well that get affected by air pollutants. For 
example, cadmium affects kidneys and benzene is a carcinogen that affects blood and 
mercury impairs nervous system. Beryllium creates dermatitis, ulcers and affects 
mucous membranes. Chromium may lead to lung's and gastro-intestinal cancers. 
Arsenic may also lead to lung cancer including ulcerative dermatitis and anaemia. 
Particulates are another pollutant leading to asthma. Besides human beings, air 
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pollution can adversely effect vegetation, metals and stonework and can even damage 
them permanently. It can also cause severe wear and tear on textiles and clothings. 
Several monuments and relics of historic importance are getting damaged due to air 
pollution. Crop yields can get reduced by air pollutants. 

4.3.1 Acidification 

Acidification of the environment has become a major concern in most of the 
countries today. Sulphur is the major component of increased acidification of the 
environment. Energy production by power utilities is the main source of sulphur 
dioxide emissions in almost all countries, followed by industrial combustion and 
industrial processes which together account for less than 10 per cent of the emissions. 
Globally, natural and anthropogenic sources add roughly equal amounts of sulphur 
compounds to the atmosphere. The amount of S02 emissions in the various 

industrialized countries in late 1980s was of the order of 3.8 million tonnes in Canada, 
20.7 million tonnes in USA, 1.33 million tonnes in France, 1.3 million tonnes in 
Germany, 3.66 million tonnes in U.K. and 2.07 million tonnes in Italy, per annum. 

Sulphur dioxide aggravates respiratory diseases, corrodes metals and stone, can 
reduce plant growth, and through acidification. Acidification affects land as well as 
lakes and groundwater; Large areas of forest soils have increased in acidity by factors 
of five to ten over the past 20 to 50 years. Acidity in the soil can increase the amount 
of aluminium, which kills fine roots, or it may cause a deficiency of magnesium. Large 
parts of eastern China have already been affected by acid deposition. Aquatic 
ecosystems are also highly vulnerable to acid deposition. Since the 1950s, fish 
populations have declined and species have disappeared in certain areas of the United 
States, Canada and Sweden. 

Atmospheric sulphur is not usually absorbed by vegetation but travels through to 
the soil in the form of sulphate. Nitrogen in the form of a fertilizer, can also be a 
pollutant in excessive quantities. Emissions of sulphur and nitrogen may return to earth 
dry (in the form of gases and particles), wet (in rain or snow) or as condensation (as 
fog and cloud droplets). Acid compounds can fall to the earth at a short distance from 
the source or thousands of kilometres away. The further distance travelled, the more 
wet deposition tends to dominate the deposition process. In North America it is 
estimated that almost 40 per cent of sulphur deposition in the Northeast originates in 
the mid-west. 

4.3.2 Vehicular Exhaust 

Transport sector plays a major and an important role in the economic life of the 
world. It accounts for 4 to 8 per cent of GDP and 2 to 4 per cent jobs in the 
industrialized countries. It is mainly road transport which dominates the impact on the 
environmental health in the transport sector. Road transport, at 82 per cent, is also the 
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biggest energy consumer of all transport sectors, whereas air, rail and inland use 13, 3 
and 2 per cent of the total energy requirement for transport. Oil is the main energy 
source used for road transport. For example in OECD countries, the road transport 
accounted for 714 million tonnes of oil equivalent (MTOE) or 48 per cent of total oil 
consumption in 1988. 

In the cities, it is mainly the vehicular exhaust, which is responsible for much of 
the pollution and is continually increasing. The extent of an increase in the air pollution 
can be gauged by an increase in the number of vehicles in use. In Europe, the number 
of vehicles had doubled between 1965 and 1975. Britain, as back as in mid-seventies, 
had 13 million private vehicles and 2.4 million commercial vehicles on the roads. 
Between 1970 and 1988, the motor vehicle oil consumption in the OECD countries 
increased by 61 per cent and the road traffic increased by 86 per cent. By 1988, the 
average level of private motorisation was about 80 cars per 1000 inhabitants worldwide 
and for USA, Japan and Europe, it was 560, 330 and 250, respectively. Including the 
commercial vehicles, the numbers grew further, making a total of 730, 380 and 430 
vehicles/WOO inhabitants for USA, Japan and Europe. In respect of Diesel fuel 
consumption for road transport during past two decades, the increase is 191 per cent. 
The share of diesel consumption by road transport was 17, 40 and 42 per cent in North 
America, Europe and Japan, respectively. There has been an average increase of about 
38 per cent in the gasoline consumption in the industrialized countries since 1970, 
whereas it was 97 per cent in Japan and 28 per cent in North America. 

The transport sector, produces 25 per cent of world's total CO2 emissions, 

which in industrialized countries, may be over 40 per cent. About 90 per cent of all 
carbon monoxide (CO), 50 per cent of NOx and 50 per cent hydrocarbons in urban 

areas and about 80 per cent of all benzene, constitute the emissions from the transport 
sector in the industrialized nations. Petrol engines emit CO - an asphyxiating poison. 
The dark smoke emitted by Diesel engines is also harmful to health. However, the 
smoke and carbon monoxide emission from vehicular exhausts could be avoided to a 
large extent, if engines are properly tuned and the measures for improvement in fuel 
efficiency are resorted to. Carbon monoxide is also responsible for large number of 
road accidents since it reduces the driver's concentration. In Tokyo, levels of carbon 
monoxide are so high that traffic police frequently return to their booths to breathe pure 
oxygen. Delhi happens to be the most polluted city in the developing countries of Asia 
on account of air pollution. 

Besides, unburnt hydrocarbons, vehicles also emit highly poisonous oxides of 
nitrogen. In Los Angeles, the exhaust of a large number of cars combines to form a 
lachrymatory smog containing many organic substances, including ozone and organic 
peroxides such as peroxy-acetyl-nitrate (PAN) under certain climatic conditions. This 
smog generally occurs in summer and is formed by NOx and volatile organic 

compounds (VOC) in presence of sulphur during a stagnant high pressure in lower 
atmosphere. The smog usually cuts out sunlight due to thick brown haze, causes eye 
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and throat irritation and damages certain plants. In fact, this smog occurs wherever 
there exist conditions of temperature inversion in presence of extensive vehicular 
exhaust. 

The presence of lead in petrol is also a matter of grave concern particularly on 
the health of children. Actually, Tetraethyllead is added to petrol as an anti-knock 
agent to increase octane ratings, and hence the efficiency. There are other slightly 
expensive, ways of doing this, such as refining the petrol, use of alternative anti-knock 
agents and engine modifications. But lead is a systemic cumulative poison that attacks 
brain particularly in children. High atmospheric lead levels, in some cases have caused 
slow learning and hyper-activity in city children. The United States has started 
removing lead from petrol or gasoline and is expected to finish this job by 1996 but 
many countries are still using leaded petrol for automobiles as is given in Table 4. A 
beginning is being made in India by a stipulation that all new vehicles registered in the 
four Metro cities from April 1995 would be fitted with catalytic convertor and would 
use unleaded petrol. 

Table 4 Use of Leaded Petrol in Some Selected Countries, 1991 

Country 

Australia 
France 
Italy 
Malaysia 
New Zealand 
Thailand 
United Kingdom 

Percentage share of leaded petrol 

64 
74 
93 
96 
68 
93 
59 

Source: CONCAWE, Motor Vehicle Emission Regulations and Fuel Specifications - 1992 Update 
(Brussels: 1992). 

4.3.3 Greenhouse Gases 

Nearly 6 billion tons of carbon are spewed into air each year in the form of 
carbon dioxide, a gas that is steadily building in the atmosphere. Of the total CO2 

emitted into the atmosphere, more than 95 per cent comes from the energy sector and 
deforestation. It is the burning of coal in thermal power plants and other fossil fuel 
that pollutes air extensively by producing carbon dioxide and is the m<uor cause of 
serious environmental problems of the world. Over years, we have added enormous 
amount of carbon dioxide (C02) to our atmosphere. Of the fossil fuels, natural gas 

emits 58 per cent as much CO2 per unit of energy as coal, and petroleum 81 per cent as 

much. 
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Table 5(a) Estimated Contribution of Different Geenhouse Gases to Global 
Wanning for 1985-2100 

Greenhouse gas 

CO2 

Methane 

CFCs 

Nitrous oxides 

Relative Contributing 
Sources( per cent) 
Instantaneous a 

76.1 

9.6 

11.6 

2.7 

Source of Emission 

Total b 

94.7 Mainly combustion of fossil 

fuels 
0.8 A wide variety of biological 

and agricultural activities 
3.3 Industries, using solvents 

and refrigerants 
1.2 Fertilizers and energy 

sources 

Table 5(b) Contributions of Economic Activities to Global Warming 

Economic 
Activity 

Energy 

Agriculture 

Industry 
Natural 
Others 

Relative Contributing 
Sources( per cent) 
Instantaneous a 

62.8 

20.6 

0.7 
4.3 
11.6 

Source of Emission 

Total b 

76.2 CO2 emissions, nitrous 

oxides, methanec 

19.8 CO2, methane, nitrous 

oxidesc 

0.1 Methanec 

0.7 Methane, nitrous oxidesC 

3.3 Chlorofluorocarbons 

Sources: For chemical compounds, - William D. Nordhaus, "Contribution of Different Greenhouse 
Gases to Global Warming: A New Technique for Measuring Impact", Yale University, Department of 
Economics, February 1990; for economic activity, - William D. Nordhaus, "To Slow or Not to Slow: 
The Economics of the Greenhouse Effect", presented at the 1990 annual meeting of the American 
Association for the Advancement of Science. Estimates of emission sources are from EPA, Policy 
Options, voU, chap. 2. 

• The effect of concentration changes at the instant of release. 
b The relative contribution to global warming over indefinite future. 
C Sources higbly uncertain for methane and nitrous oxides. 
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The carbon dioxide is the principal contributor to global warming. It was S. A. 
Arrhenius [1] in 1896 who estimated that by doubling the atmospheric concentration of 
CO2, the global mean temperature could increase by 4·to 6 degree centigrade. In fact, 

there are several radioactive gases in the atmosphere, including CO2, that absorb 

radiations at different points of the spectrum. They are known as the greenhouse gases 
(GHGs) and are although transparent to the incoming solar radiation but absorb 
significantly the amount of outgoing radiation. The net effect is the greenhouse effect 
which causes an increase in the earth's temperature or global warming. In fact, carbon 
dioxide and other greenhouse gases are likely to raise global average temperatures 
between 1.5 and 4.5 degree C by 2050. This increase in temperature would induce a 
greater rate of climatic change than was experienced in any century during the past 
10,000 years. A change of this magnitude will make the world a significantly different 
place to live and cause disastrous biological consequences. It is said that it was the 
greenhouse effect which caused high temperatures on Venus and frigid conditions on 
Mars. 

The major GHGs in Earth's atmosphere, their instantaneous and total 
contributions to global warming are given in Table 5(a), and the industries which 
produce these emissions are provided in Table 5(b). The GHGs of main concern are 
carbon dioxide, methane, nitrogen oxides, and chlorofluorocarbons (CFCs). The 
different GHGs have different radioactive properties and different lifetimes and are not 
produced in equal amount. Next in importance of GHGs are the chlorofluorocarbons 
(CFCs), which although are small in volume but have a warming potential as high as 
20,000 times of that produced by the CO2 per unit of volume. CFCs were first 

developed over half a century ago as refrigerants and there was rapid increase in their 
uSe in aerosol technology. They are also used as solvents in fire extinguishers, in the 
foaming of plastics and in the manufacture of some chemicals. The global implications 
of use of chlorofluoromethanes as propellants in aerosol sprays have serious 
consequences. In the lower atmosphere, CFCs are inert and non-toxic but it is thought 
that in the upper atmosphere free chlorine is liberated from these compounds by 
ultraviolet radiation, which destroys the ozone layer. 

4.3.4 Ozone Layer Depletion 

Ozone is continually generated and destroyed by a natural process with net 
concentration arising from a dynamic balance. Ozone is produced when solar 
ultraviolet radiations break up three oxygen molecules into two oxygen radicals which 
through a complex series of reactions combine with other oxygen molecules to form 
ozone molecules. This process takes place in stratosphere, where solar radiation is the 
strongest, with a maximum ozone concentration occurring at 15-35 kms above the 
Earth's surface to form ozone layer. The depletion takes place due to CFC effect and 
the depletion of ozone layer results in an increase in ultraviolet radiation at 290-320 nm 
which has harmful effects on animals, plants and human beings. It is estimated that one 
per cent reduction in the ozone layer could cause a 4 per cent increase in certain kinds 
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of skin cancer in white people as a result of the increase in the incoming radiation 
which otherwise would have been absorbed by ozone. The relative ozone depleting 
potential of various chlorofluorocarbons in use today is indicated in Table 6. 

Table 6 Types of Chlorofluorocarbons in Use 

Designation Chemical Name Relative ozone-
depleting potential 

CFC-ll CCl3F trichlorofluoromethane 1 

CFC-12 CCl2F2 dichlorodifluoromethane 1 

CFC-l13 C2Cl3F3 trichlorotrifluoroethane 0.80 

CFC-114 C2Cl2F4 dichlorotetrafluoroethane 1 

CFC-115 C2CIFs chlorodifluoromethane 0.6 

CFC-22 CHCIF2 chlorodifluoromethane 0.05 

Source: Report on Chlorofluorocarbons of the Institution of Environmental Health Officers, U.K., 
1989. 

4.3.5 Consequences of Global Wanning 

Impacts of the greenhouse effect would be varied. Developing countries would 
probably be most affected by greenhouse warming than the industrialized countries, 
particularly the poor countries which have few resources to divert to the problems 
connected with climatic changes. Climatic changes induced by global warming are 
likely to have different effects on different sectors of the economy. In general, those 
sectors that interact with unmanaged ecosystems such as, agriculture, forestry, and 
coastal activities or which fall into this category and are heavily dependent on naturally 
occurring rainfall, runoff, or temperatures, would be hit the hardest. 

Developed countries, such as the U.S., where about 3 per cent of national 
output originates in climate-sensitive sectors and another 10 per cent in sectors 
modestly sensitive to climatic change, but a major share of about 87 per cent of 
national output comes from sectors, would not be affected by the climatic changes. 
The impact on the US economy is likely to be around 0.25 per cent of national income. 
The other advanced industrial countries may also experience some modest effects, but 
in contrast, the developing countries would have disasterous consequences. Melting of 
polar ice would raise average sea levels, which would damage lagoons, estuaries, and 
coral reefs worldwide along with buildings and other structures. Sea level rise, for 
example, could inundate 33 island nations, as well as low-lying coastal regions of 
populous countries such as Bangladesh and Egypt, leading to massive dislocations. 
Bangladesh would be among those countries which will bear the brunt of any thermal 
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expansion of the oceans. The Maldive island may eventually be wiped off from the 
world map. 

However, for the countries, which depend on agriculture, the benefits of CO2 

fertilization may offset the damages. Resulting shifts in the patterns of storm tracks 
could diminish soil moisture in the grain-producing areas of Argentina, Australia, the 
United States, Canada, Russia and the People's Republic of China. Researches in 
Indonesia, Kenya, and Malaysia have disclosed that global warming would reduce 
agricultural output. China's Meteorological Bureau is worried that global warming may 
already be exacervating a severe drought in the northern part of the country. There may 
be expansion of grasslands and deserts or a decline in forest ecosystems. Rain
dependent irrigation and hydroelectric projects may also be affected. 

Despite the sharp focus of public attention to the problem of global warming 
over the past three years, the amount of carbon being released annually has risen by 
400 million tons since 1986- exactly the opposite of what many scientists believe was 
necessary. 

4.4 Noise Pollution 

Noise in several countries is a serious pollution problem, particularly in urban 
areas. Be it either due to rail, road or air traffic. It could also be due to industries in 
the neighbourhood. Noise reduces the quality of life and can be a major source of 
stress on the inhabitants. Noise also has serious economic consequences. For 
example, in Germany the total social cost of damage caused by transport noise is 
reckoned at 2 per cent of GDP or equivalent to DM 33 billion. Similarly expenditure 
on noise abatement measures cost the Netherlands in 1989 about US $ 70 millions and 
France over US $ 360 million in 1987. 

Noise affects health, communication, behaviour and causes psychological 
disorders such as annoyance. It also has physiological effects such as high cardiac 
response, partial deafness, sleeplessness, non-auditory pathogenic effects such as rise in 
blood pressure and an increase in cardiovascular and digestive system disorders. 
Complete deafness could also be caused if a person is exposed to a noisy environment 
over a long period of time. Noise can also have a major effect on the local wild life as 
it may disturb them and reduces their area of natural habitats and may eventually affect 
species population. 

About 130 million people are exposed to unacceptable levels of noise (over 65 
dbA) in OECD countries and some 400 million are exposed to uncomfortable noise 
levels in excess of 55 dbA. Increasing number of vehicles further compounds the 
problem of noise pollution. In Germany, an appreciable part of the population living in 
highly populated areas, live with noise in excess of 65 dbA caused by neighbouring 
factories and workshops. These days, neighbourhood noise caused by hi-fi electronic 
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equipments, appliances, lifts, barking of dogs, etc. has become a major polluting 
source of noise. Measures therefore are necessary to isolate sources of noise or make 
habitats noise-free. 

5. Energy-related Problems 

Energy has an important place in our everyday life. It has a major economic and 
political role as an important raw material traded worldwide. The energy sector 
activities include extraction, conversion, transportation and consumption of energy, and 
disposal of energy wastes. This sector also encompasses coal and other solid fuels, oil, 
gas, nuclear power, hydropower, and other renewable energies (such as solar, wind, 
tidal, and biomass) and their conversion to electricity. The locations of major energy 
resources, such as oil, gas and coal fields, relative to the large consuming countries, 
have often given rise to complex relationships between the producers and the 
consumers. 

Three major considerations today control the world's energy systems 
development scenario. The first is the availability of fossil fuels, particularly the most 
economical and versatile one being the petroleum. In this case the constraint is not the 
resource base but the geographical location and its political implications, such as, of 
having nearly two thirds of the world's current oil reserves in the Persian Gulf region 
alone. 

The second consideration is environmental, i.e., the capacity of the world to 
cope with the overwhelming burden of pollution that is estimated by a $ 20-trillion 
world economy being dependent on fossil fuels. Nearly 6 billion tons of carbon added 
to the atmosphere each year. As no technical solution as yet appears on the horizon for 
this problem, slowing the process of global warming would require placing limits on 
fossil fuel combustion. The third consideration is social and political. Today, the 
citizens of the world have become selective and discerning over and against the energy 
solutions, their governments offer. For example, the people of Germany, decisively 
ruled out the nuclear option during the 1980s. Similarly, coal-fired power plants are 
now rarely constructed in the northeastern United States. 

5.1 Energy Sources 

Economic, environmental, and social forces are likely to push the world towards 
a very different energy system scenario in the decades to come. Ultimately, a 
sustainable economy will have to operate with much lower levels of fossil fuels, and 
probably without nuclear power. It would eventually derive its power from renewable 
resources such as solar energy or geothermal energy - the resources that are available in 
far greater abundance than the fossil fuels and can be replenished daily. The economy 
would also need to be much more energy-efficient, since renewable energy is not going 
to be as cheap as the oil has been. 
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5.1.1 Fossil Fuel Sources 

With world's oil production of around 58.8 million barrels per day in 1992, oil 
still remains world's leading source of energy, supplying 40 per cent of the total 
excluding biomass. 

Four decades ago, the world oil consumption was one sixth of the current level, 
with half of it being used in North America alone. Only 20 years ago, the petroleum 
economy had affected the lives of only a small fraction of humanity. But at the World 
Energy Conference in late 1989, energy experts concluded by saying that by 2020 the 
world would be using 75 per cent more energy, and that most of it would be supplied 
by coal, oil, and nuclear power. This would eventually mean relying on the Persian 
Gulf for more than two thirds of the world's oil, as compared to 26 per cent at present. 
It would also necessiate commissioning three times as many nuclear plants in the next 
30 years as has been done during the past 30 years. Obviously, there would be more 
frequent nuclear accidents and the growth of stockpiles of nuclear waste and plutonium 
would be faster than that exists at present. It would also accelerate global warming as 
carbon dioxide emission levels would be much above today's levels. This picture of 
future is neither pleasant nor acceptable. 

The uneven distribution of world petroleum resources would also continue to 
grow more lopsided all the time. While the Persian Gulf region had 55 per cent of 
proven global reserves in 1980, but that figure reached 65 per cent by 1989. Most of 
the nations in that area have at least 100 years of proven reserves left at the current 
extraction rates, compared with less than 20 years' worth in Europe, North America 
and the former Soviet Union (see Table 7). 

Table 7 World Oil Reserve Regionwise, in 1980 and 1989 

Region 

Middle East 
Latin America 
Soviet Union & 
Eastern Europe 
Africa 
Asia, Australia & 
New Zealand 
North America 
Western Europe 

Oil Reserves 
(billion barrels) 
1980 1989 

362 660 
70 125 

66 60 
55 59 

40 47 
39 42 
23 18 

Reserves Remaining at 1989 
Production Rates 
(for number of years) 

110 
51 

13 
28 

20 
10 
13 

Source: British Petroleum, BP Statistical Review of World Energy (London: various years). 



39 

Outside the Middle East, much of the cheap oil has already been consumed. In 
the former Soviet Union and the United States - who are still the world's leading 
producers - output is now declining. Whereas an average oil well in Saudi Arabia 
produces 9,000 barrels per day, an average well in the United States produces only 15. 
H may be realized that even the nations of the Persian Gulf are also not in position to 
provide a steady long-term supply of oil. Therefore the position, in respect of oil 
dependence, is not very comfortable. 

Oil-consuming nations, therefore, must face the imperative of reducing their 
dependence on petroleum. The capacity of the global biosphere to absorb the emissions 
of a fossil-fuel-based energy system may, in the end, prove even more constraining 
than the limits imposed by the availability of oil. The amount of carbon being released 
annually has risen by 400 million tons since 1986, which is exactly the opposite of 
what the scientists had expected or was necessary. The burning of oil itself emitted 
about 2.4 billion tons of carbon in 1992. Highly ecologically disruptive increase in 
global temperatures would occur unless drastic steps are taken to reduce the current 
emissions. In order to stabilize concentrations of CO2, the entire global emissions must 

at least be reduced by 60-80 per cent, i.e., to 2 billion tons per annum - a target, which 
can only be met if the use of coal, which remains the most carbon-intensive fossil fuel, 
is cut roughly by 90 per cent. Small amounts of coal may still continue to be burnt in 
countries like India and China, which have very limited reserves of other kinds of fossil 
fuels and have a very large population to support. 

Compounding the problem further, is the disproportionate use of oil by the 
minority of rich nations. Current World per capita use of oil is 4.5 barrels a year, but it 
ranges from 24 barrels in the United States to 12 in Western Europe and less than 1 in 
Sub-Saharan Africa. To increase oil supplies and to reduce the environmental impacts 
of its use, the world should not consume more than 30 million barrels a day by the year 
2030, i.e., one half the current level. Accounting for the population increase, this 
would allow for an average of just 1.2 barrels per person worldwide by then, implying 
extensive changes in the global energy economy. A world that produces only that 
much carbon a year will be far different from the one that produces 6 billion as of 
today. Per capita carbon emissions some 40 years from now will have to be one fourth 
the level of Western Europe today, after allowing for the growth in world population 
over the next few decades. These are definitely very stringent targets, particularly, if 
we consider that fossil fuels now account for 75 per cent of world energy supplies. 

The next largest source of energy is coal, which still provides 28 per cent of 
world's commercial energy and its use has more than doubled since 1950. Even now, 
some 87 per cent of coal goes to power generation in the U.S. whereas it used to be 17 
per cent in 1949. But because of severe environmental damages during mining and 
use, and its economic consequences, its use after four decades of uninterrupted growth 
is declining. In fact, it is falling since 1990, whereas during nineteenth century's 
industrial revolution, it was the main source of energy replacing wood. 
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A handful of developing countries would still continue to use coal, since they 
cannot afford heavy use of oil. China, for example, is a leading consumer of this fossil 
fuel today, using 25 per cent of the world's total, while India ranks fourth. In China, 
75 per cent of the energy comes from coal. 

Whereas in 1973, fossil fuels- a combination consisting of coal, natural gas, and 
petroleum- accounted for 94.7 per cent of all primary commercial sources of energy 
used in the United States. By 1987, the contribution from fossil fuels, excluding the 
energy produced from wood, had dropped to 89.3 per cent as a result of an increase in 
electricity generated by nuclear plants. We have seen in the previous section that 
several considerations constrain us to look for alternative sources of energy to replace 
oil and coal. Therefore, for most nations, natural gas is likely be the predominant fossil 
fuel after oil and coal. Natural gas produces roughly twice as much energy per 
kilogram of carbon released as coal does. Natural gas resources are also better 
distributed than those of oil. In future, shifting to new energy sources can also help 
lower carbon emissions since burning coal creates the greatest amount of carbon; oil is 
the second; and natural gas the third as a carbon emission producing energy source of 
energy. Therefore, an economy that shifts to natural gas will put less carbon into the 
air; one that depends on coal. For every $ 3.19 of world economic output in 1991, one 
kilogram of carbon was emitted into the atmosphere; in 1990, this figure was $3.22. 

5.1.2 Nuclear Energy 

In 1992, world's total installed nuclear generating capacity was 328,000 
megawatts, whereas it had a historical peak of 329,000 megawatts in 1990. Some 79 
reactors, with a total generating capacity of 19,000 megawatts, in the mean time have 
been retired, after an average service life of less than 17 years. As technical problems 
in older reactors continue to persist up, the annual retirements of nuclear plants is likely 
to increase, although forty-five nuclear plants, of 38,000 megawatts capacity are still 
under active construction worldwide. Several large plants are likely to be closed in the 
next few years in Canada, Russia, and the United States, cancelling out the contribution 
of energy coming on-line from the new reactors. It is estimated that by decade's end 
the world will have between 310,000 and 335,000 megawatts of nuclear capacity
roughly the same as now. Excepting France, in Western Europe, nuclear expansion 
plans have almost been stopped. Even in France nuclear program is now in jeopardy. 
Only five plants are under construction, and only two have started since 1986. In the 
United States, opinion is against building more plants. Meanwhile, six aging reactors 
with a combined capacity of 3,695 megawatts have been closed in the past four years. 
Nuclear program in the Eastern Europe also is in disarray. 

Inspite of fast initial development, for an energy system thatis truly sustainable 
- economically and socially - nuclear power is not going to be a major source of 
energy. During the past 10 years, the pace of nuclear expansion has practically come 
to a halt in almost all countries of the world, mainly on account of its environmental 
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Even more revolutionary generating options are on the anvil and they, like 
biomass, would rely on the most abundant resource of the world, like sunlight. Solar 
energy (and the wind that flows from it) can be considered as an unlimited resource 
that can only substitute for the fossil fuels that now threaten the stability of the climate. 
Although renewable energy sources were not competitive with fossil fuels in the past, 
their development costs have fallen substantially and are expected to decline further 
when the technologies to harness them are mass-produced - a possibility, which is 
highly probable within the next decade. 

One of the most revolutionary new technologies is the fuel cell, which produces 
electricity without electromagnetic principle. Invented in the early nineteenth century, 
fuel cells are electrochemical devices that consist of an electrolyte and two electrodes 
that generate power by combining hydrogen and oxygen ions. The technology's big 
boost came in the sixties, when as a requirement of space programme, scientists began 
looking for a small, self-contained power system, investing billions of dollars in the 
development of fuel cells that finally were successfully employed on spacecrafts. 
Among the several advantages the fuel cell has over conventional energy sources are: 
it is relatively efficient and converts between 40 and 70 per cent of the energy potential 
of a fuel such as methane or hydrogen into electricity; it produces less air pollution 
than a conventional source of energy due to absence of combustion and creates no noise 
and is highly modular. 

Another new technology - the photovoltaic solar cell (PV)- has equally strong 
potential for development. As a solid-state, mass-produced panel made out of common 
elements and with no moving parts, a photovoltaic system can be deployed anywhere. 
Photovoltaic power can be more cost-effective for people in rural areas where diesel 
generators or other available alternatives cannot be effectively and economically used. 

5.3 Energy Consumption 

On the energy consumption front, the scenario is not very encouraging. 
Whereas since 1960, the developing countries have more than quadrupled their energy 
use (see Table 8), but the strategies for achieving this goal have left them reeling from 
the oil shocks, and burying them deep under a heavy foreign debt, while suffering from 
serious environmental consequences. Energy shortages continue to plague their 
economies, and power outages are the order of day in big cities, whereas the fuel wood 
shortages make lives even more difficult in the countryside. Developing countries 
importing oil are highly vulnerable to the sudden price increases and energy shortages 
that had rocked the global economy three times in the past two decades. Foreign debt, 
totalling some $1.35 trillion at the start of 1992, has a big contribution from oil in it. 
For example, during the past decade, India's oil import bill has consumed nearly a 
third of export receipts and has reached $36.8 billion, almost 87 per cent of the total 
debt. If the acquiring electric generating equipment from foreign countries are also 
included in the calculations, the energy bill alone would have accounted for more than 
80 per cent of India's export earnings between 1980 and 1986. 
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It is clear that speedy industrialization and urbanization has caused a rapid 
growth of use of oil, coal, and other sources of energy in the developing countries [15]. 
Since 1970, these nations, comprising 77 per cent of the world I s population, have 
nearly tripled their energy use, whereas it increased only by 21 per cent in the 
industrialized countries. In fact, energy use grew faster than the population, and even 
more quickly than the economic growth. By 1991, developing countries were using 24 
per cent of the world I s oil, coal, natural gas and electricity, including wood and 
agricultural wastes, which provides more than a third of the energy in these countries, 
adding to a total of some 30 per cent of the world I s energy use. 

Table 8 World Commercial Energy Consumption, during 1970 and 1990 

1970 1990 

Energy Per Energy Per 
Region Consumption Capita Consumption Capita 

(exajoules) (gigajoules (exajoules) (gigajoules 
per person) per person) 

Developing Countries1 30 12 84 21 
Latin America 8 26 16 37 
Asia 19 10 59 20 
Africa 4 10 9 14 

Industrial Countries 129 180 154 185 
Centrally Planned 
Economies 44 120 71 167 
World1 203 55 310 59 

Sources: Brtish Petroleum, BP Statistical Review of World Energy (London: 1992); United Nations, 
World Population Prospects 1990 (New York: 1991). 

lColumns do not add up to totals due to rounding off. 

While the rapid growth in Third World energy consumption may be seen as a 
sign of progress, whereas just the opposite may be true. Bangladeshis use one tenth 
the amount of energy of Thais, while South Koreans consume three times as much as 
Thais do. Per capita consumption, though, can be a misleading indicator of economic 
or social well-being, the service that energy provides is important; and not the actual 
amount used. A better, though still not exact measure is to measure the energy used by 
the amount of goods and services provided. For example, an Indian, used slightly 
more energy than his neighbouring Pakistani but has only half the income. Prior to 
unification, an average East German consumed 41 per cent more energy than a West 
German, who was nearly twice wealthier. Indians and East Germans are thus not 
getting as many services for each barrel of oil or kilowatt-hour of electricity as their 
neighbours do. It is also true that the development may be counter productive if the 
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energy sector continues on its current trajectory of growth. Imports of energy supplies 
and equipment are highly expensive, and their costs contribute to add to the debt and 
foreign-exchange problems while growth in energy use certainly increases 
environmental and health problems. 

Today, although the demand for energy to extract and process minerals is 
mainly responsible for the deforestation and inundation of large parts of the lands such 
as in Amazon Basin, as mineral production besides involving movement of billions of 
tons of material and crushing and melting the rock, requires very large amounts of 
energy. This requirement by itself could be the cause of further damage to local 
ecosystems. Particularly the aluminium production is highly energy-intensive and a 
modern aluminum smelter requires 13-18 kwhs of electricity to produce a kilogram of 
the metal. Annually, the world aluminium industry uses about 290 billion kwhs of 
electricity, which is actually more than the entire Africa's consumption, 
notwithstanding that additional energy is used in mining bauxite, and in processing it 
into the alumina. Actually, aluminium production requires about 3.8 billion gigajoules 
(GJ) of energy annually, which equals to about I per cent of world energy use. In the 
United States, which produces only 10 per cent of the world's supply, steel making 
required 2.2 billion GJ in 1988. Copper production consumes about 1 GJ, worldwide. 
In short, the mineral industry accounts for anything between 5 to 10 per cent of world 
energy. 

Therefore, we are faced with an obvious question : can the world afford the 
ecological price of satisfying its present mineral need? The answer is that it cannot. 
Therefore, we have to find ways to continue to develop and improve the quality of 
human life without allowing further growth in mineral extraction activity. Finally, the 
question is : should we go on mining any further without considering the costs of 
taking materials from the earth? Unfortunately, today's low mineral prices only reflect 
the immediate cost of extraction and distribution only; they do not consider the full 
costs of denuded forests, eroded lands, polluted rivers, and dislocation or decimation of 
indigenous people. It must also not be forgotten that the declining ore grades and 
availability of deposits would further increase the energy use per ton of the mined metal 
and a larger quantity of waste material would be required to be handled. 

5.4 Energy Conservation and Efficiency Improvement 

If we take look at the energy consumption in developed countries, we find that 
their consumption has more or less stabilized and is not increasing at the same rate as in 
developing countries. This is naturally to be expected, as half of the Third World 
commercial energy consumption is in the industrial sector (See Table 9). Therefore, it 
just occurred to some energy managers, why we can't take a look at the way we are 
consuming power and if we can save power by resorting to more energy efficient 
products, processes and programme, we need not continuously go on adding new units 
to our energy systems to meet the ever-increasing demand of energy. The new concept 
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was thus born which is known as demand-side management (DSM) , or more 
colloquially as negawatts. 

Table 9 Energy Use in Developing World in 1985 

Sector Commercial 1 Biomass Total 
(per cent) 

Residential & Commercial 1 28 90 44 
Industrial 2 52 10 41 
Transportation 20 15 

Source: u.s. Congress, Office of Technology Assessment, Fueling Development (Washington, D.C. : 
U.S. Government Printing Office, 1992). 

lCommercial energy refers to coal, oil, natural gas, electricity and other fuels that are widely traded in 

organized markets. 2Includes agriculture. 

The DSM concept was a challenge to the general belief that more electricity is 
always better than less. However, according to the new thinking, electric power is an 
expensive and highly directed form of energy, and using it to provide low-grade heat is 
inherently a wasteful application. Heating water with electricity is like "cutting butter 
with a chain saw" [16]. An analysis points out that electricity now provides just 18 per 
cent of the end-use energy of industrial countries, a figure that need not rise further
despite increasing use of electronic equipment- if power is used more efficiently. 

The need for pursuing energy conservation and the improved effeciency 
programmes is more for developing countries. For example, for each ton of steel or 
cement produced, the developing countries, on an average, use 25 per cent more 
energy than in the U.S and 75 per cent more than the best plant. Indian fertilizer plants 
use about twice as much oil to produce a ton of ammonia than a typical British plant. 
This is mainly due to poor maintenance and operating practices which can certainly be 
improved upon. 

In fact in the late 1970s, a group of energy analysts reached a conclusion that 
the electric utilities and their customers both might be better off if they invested in 
ways to reduce power use. Studies showed that improving the efficiency with which 
electricity is used is often less expensive than building and operating new plants. The 
message is clear- the overuse of resources must be replaced by conservation. No 
wonder, the oil price hikes of the early 1970s promoted energy conservation. The 
industrialized countries have already taken initial lead and today 20 per cent less energy 
is used to manufacture the average product than was used a decade ago. Several 
European countries and Japan have realized and shown that economic growth can be 
sustained even if energy consumption drops. We will see in section 10, on remedial 
measures, what steps are needed to implement these concepts. 
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6. Disruption of Ecological Balance 

In order to sustain humanity on Earth and to improve standard of living, man 
has been exploiting the resources of Earth which has actually empoverished its 
environment and has upset the delicate balance of several ecosystems of the planet to 
such an extent that it is ultimately threatening his own continued survival. Several 
plant and animal species or subspecies have already got extinct and are further getting 
extinct from this planet every year. Some 320 species are in immediate danger of 
extinction and about 10 per cent of 250,000 different plant species are threatened. 
Deforestation alone has resulted into extinction of several species of living creatures. 
Between 1.5 million and 2 million species - 15 to 20 per cent of all species now on 
Earth- are likely to be extinct by the year 2000, mostly due to deforestation. The 
quality of life on earth will be severely affected by an impoverished biota which 
sustains a rich biological diversity and intricate interactions of tropical life. There are 
several forces that interact on the ecosphere of our planet. We need to understand them 
in order to understand the problems that confront the planet, today. Due to our short
sighted planning, we had often overlooked these and have often led to catastrophic 
conditions. 

Any organism, population or community on our planet has an environment 
which may be nonliving (abiotic) such as solar energy, air, water, soil etc. and living 
(biotic) such as plants and animals. Considered together, we call it an ecosystem. 
Defining boundaries around ecosystems are arbitrary and depend upon the level of 
consideration. An ecosystem could be as large as a lake, an estuary, an ocean, a 
forest, a grassland, a desert or even the entire planet but it would be as small as a tree, 
pond etc. All ecosystems on earth are connected to one another. In fact, several inter
connected ecosystems, in a complex fabric, form a largest life unit known as 
ecosphere. The interconnections between several ecosystem help preserve the overall 
stability of ecosystem. 

An ecosystem maintains its overall stability through three major mechanisms : 

1. controlling the rate of energy flow through the system, 
2. controlling the rate of chemical cycling within the system, and 
3. maintaining a diversity of species and food webs so that the stability of the 

system is not affected seriously by the loss of some species or food web 
links. 

These principles of energy flow, chemical cycling, and species diversity affect some of 
the major changes and problems that can arise in local, regional, or global ecosystems. 

Therefore, an ecosystem can get severely affected or even disrupted due to either of the 
following causes : 
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1. Disruption of essential chemical cycles 
This may occur on account of : 
a) Break in the cycle. 
b) Change in the rate of cycling by chemical overloads or leaks in the 

cycle. 
c) Introduction of man-made chemicals into the cycle. 

2. Disruption of energy flow 
This would happen if there is : 
a) Decrease or increase in solar energy input due to change of properties 

of the atmosphere. 
b) Heat or entropy buildup in the environment on account of too many 

people using too much energy. 
3. Reduction in diversity of species andfood webs. 

An actual organism of ecosystem has thousands and even millions of feedback 
loops interwoven in a very complex network. Any change in this eco-network, such as 
a species gets eliminated, or a new species from one ecosystem is transfered to another, 
or when a broad-spectrum insecticides such as DDT is sprayed over a region, or pour 
or bury some of our hazardous wastes into the ground to avoid direct pollution of air 
and water, or when we build a dam, or start a large irrigation project - all these 
activities affect ecological balance which was achieved over a very very long time. 
Usually, all these activities are initiated with the idea of helping our society, but 
unfortunately they lead to some unforeseen ecological backlash. 

We have seen in section 3, how various life-sustaining cycles with the help of 
solar energy (the source of all life on Earth) maintain conditions to support several 
delicately balanced ecosystems on Earth. The man has effected several important life 
sustaining cycles by his developmental activities. To cite a few example, the very 
important nitrogen cycle has been adversely affected through: 

- Fertilizer production (nitrates and ammonium salts) - to enable to grow more 
food by increasing yields and replenishing lost nitrogen from the soil 

- Burning of fossil fuels - in vehicles, power plants, and heating which puts 
nitrogen dioxide ( N02 ) into the atmosphere 

- Increased animal wastes (nitrates) - from more people, livestock and poultry 
etc. 

- Increased treated and untreated sewage-from industry and municipalities 
- Increased erosion and runoff -into nearby streams, lakes, and rivers from 

cultivation, irrigation, agricultural wastes, mining, urbanization, and poor 
land use. 

Lakes, rivers and seas in an unpolluted state support a vast multitude of plant 
and animal life, from the smallest single-cell bacteria to the largest whales. All bodies 
of water have some capacity to assimilate waste, and up to a certain point are self-
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cleansing; small amounts of organic pollutants, for example, are broken down by 
bacteria in the water and form part of a self-regenerating cycle. Up to this level of 
assimilative capacity, no long-term damages can be done by emissions since 
assimilation is rarely instantaneous. But by overloading this self-cleansing capacity, 
considerable damage can be caused and in a few instances to the extent that a body of 
water will cease to support life any more. This process is, of course, irreversible or 
may take a very long time to reverse. In fact, a combination of domestic and industrial 
effluents deprived Lake Erie of its means of survival and the lake effectively died in 
this way. It had been estimated [14] that in 1968, Lake Erie received 37,500 tonnes of 
nitrogen from run-off and 45,000 tonnes from sewage as well as other nutrients. This 
hastened the ageing of the lake by 15,000 years. Steps of course were initiated to slow 
down this process but did not prove effective. The Po river in Italy receives 250,000 
tonnes of nitrogen per year . In Canada, phosphorus concentration in the Great Lakes 
was once very high. In Sweden, 16000 lakes have been acidified to the extent that the 
sensitive organisms have completely disappeared. 

Man has also been overloading waterbodies with phosphorus in the form of 
sewage treatment wastes, fertilizer and animal feedlot runoff, and detergents, and thus 
has been short-circuiting the natural nitrogen and phosphorus cycles by burning animal 
wastes (dung) as fuel instead of returning them to the land as natural fertilizer. 
Therefore, the problem is, primarily, of overloading the biological portion of the 
phosphorus cycle. With excess nutrient in the form of phosphorus, aquatic plant 
growth (algae) is highly stimulated, and more biological material is produced than the 
system can handle. This can lead to oxygen depletion of the water and subsequent death 
of the aquatic life. 

Sometimes thoughtless planning and use has also lead to several ecological 
problems and this can best be illustrated by the Ogallala case study [3]. The Ogallala -
a fossil underground aquifer - underlies much of the Great Plains in the U.S. It was 
once estimated to have contained as much water as in Lake Huron and it used to be 
recharged by the runoff flowing eastwards from the Rocky Mountains. Subsequent 
land uplift and consequential climatic changes redirected most of the mountain runoff to 
the west, leaving natural rainfall to recharge the aquifer at a very slow rate and hence it 
is known as fossil aquifer. The rainfall in this region is usually scanty and unable to 
support crops, such as corn, which requires lots of water. Therefore farmers in this 
region discovered to use the aquifer by placing a central pivot over a well and distribute 
water along pipes to the perimeter of a field where a large wheel slowly rotates the 
entire distribution rig about the pivot. With this dependable and sufficient supply of 
water, initially the crops were bountiful and very soon several other landowners too 
sank wells and began irrigating in this manner. The rate of withdrawal soon became 
more than the average annual flow of the Colorado River and thus far exceeded the rate 
of renewal. Very soon the aquifer was completely dry in some regions and began to be 
fast depleted in the remainder. As a remedial measure without much thinking, it was 
suggested to draw water from Great lakes to replenish the aquifer. If climate change 
brought hot dry summers to the interior of North America, parched lands would require 



50 

even more water and the Ogallala could dry up quickly; meanwhile, the Great Lakes 
would also diminish in size. Therefore, any major engineering project to relieve the 
Ogallala would also be a folly. 

Ecological considerations in sustainable development necessiate existence of 
three major features of all life, viz., interdependence, diversity and vulnerability. 
Disturbing anyone of these, can lead to disastrous consequences for human beings. 
However, one should not conclude from this that we should avoid changes or should 
not proceed with developmental activities at all, but what is required that we should 
recognize the fact that man-induced changes can have far-reaching and often 
unpredictable consequences on the ecology of our planet and we should exercise 
caution, wisdom and care while dealing with the ecosphere to satisfy our materialistic 
requirements to improve our quality of life. 

For instance, we build Aswan Dam in Egypt, an engineering project, costing a 
billion dollar and put into operation in 1964, but the dam has since then stopped the 
annual flow of silt to the Nile valley, which was in the past considered very fertile, but 
is now being treated with artificial fertilizers at a cost of $100 million per year, 
thereby reducing the average income of a farmer by 20 per cent. Besides, once the 
annual flood used to flush the soil of mineral salts regularly but due to constant 
evaporation of irrigation water, today the accumulation of salts in the soil has reached 
alarming levels. Photographs taken by Skylab II have disclosed that more than 1,500 
square miles of the Nile Delta has already dried up and to remedy the situation we need 
to build underground wells, drains and commission pumps, and this would cost Egypt 
over a billion dollars, which was the cost of the dam itself. 

Further, the collapse of the Mediterranean sardine fish industry, which was once 
an important source of protein and constituted 20 per cent of Egypt's annual fish 
catch, can also be attributed to the loss of the nutrient-loaded silt in this area. The 
Egyptian sardine catch in 1965 were 18,000 tons, it dropped to a meagre 500 tons in 
1968, and other marine foods such as mackerel, lobster, and shrimp have simply 
disappeared, commercially. 

The structure of an ecosystem is dictated by the quantity and distribution of 
chemicals, the range of climatic and physical conditions, the availability and 
distribution of energy throughout the system, and the number and kinds of different 
species and their patterns of distribution. An organism's total role in a biotic 
community is known as its ecological niche, which is governed by the organism on 
which it feeds, organisms that feed on it, whether it is a producer, or a macro or micro 
consumer, the chemicals it extracts from or feeds to the environment, its energy 
requirements and outputs. Therefore, an ecological niche includes physical, chemical, 
and biological factors that represent the position and function of an organism or the 
population of an organism in the community structure. Populations of different species 
present in an ecosystem and their relative abundance and distribution, provide a 
measure of the degree of diversity in an ecosystem. Basically climate and soil are the 
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limiting factors in ecosystems and the law of the minimum or the limiting factor 
decides the existence or extinction of a species. 

An interesting example of the consequences of creating an ecological imbalance 
is that of Borneo, where once in the past, malaria had infected 90 per cent of the 
population and to help its people, the World Health Organisation in 1955 had initiated 
an extensive DDT spraying programme to eradicate this dreaded disease. But in 
addition to killing mosquitoes, the DDT also killed other insects including flies and 
cockroaches in the houses, which once formed the favourite food of house-lizards 
called geckos. In absence of live flies and cockroaches, these lizards started feeding 
themselves on the dead insects and thus they also in turn died from the DDT poisoning. 
Subsequently, the house cats started dying after eating these lizards and the dead DDT
laden cockroaches and the human population felt relieved but very soon the inhabitants 
of this island were then threatened by a new disease, sylvatic plague carried by fleas on 
the rats and the new situation could only be saved by Operation Cat Drop which was 
carried out by parachuting cats into remote areas by the Royal Air Force. 

While all this was happening, the thatched roofs of inhabitants began to collapse 
to add further miseries to the Borneo population. The cause of which was traced to the 
DDT, which had also killed a number of wasps and other insects that used to feed on a 
particular type of caterpiller (the larva of a pyraid moth), which somehow avoided the 
DDT. With most of their predators eliminated, the caterpillars had a population 
explosion munching their favourite food - the leaves - that made up the thatched roofs, 
which began to fall. This story only proves the existence of a delicate balance, ecology 
has on our planet. Disturbing this balance leads to a host of new problems. 

Sometimes new scientific practices or technological innovations also contribute 
to new ecological problems. For example, once we had highly diversified farming but 
today it consists primarily of monocultures, single crops of wheat, rice or corn 
covering vast areas. Thus they lack diversity, and as single crops must be supported by 
heavy and ever-increasing doses of man-made chemical fertilizers. Much of these 
chemicals are usually washed into our lakes and streams, which in turn threatens to 
overload and disrupt the nitrogen, phosphorus, and oxygen cycles. There is another 
aspect to this kind of farming, namely, a monoculture crop can easily be wiped out by 
a single species of insect. To protect the crop, we may have to use pesticide and then 
very soon we discover that the insect has developed resistance to the pesticide. 
Therefore, we are tempted to use a large quantity of stronger pesticides and this leads 
to some of these poisons getting magnified higher in the food chain until they start 
accumulating in high concentrations in our bodies through food chains. 

Actually, food chains often act as biological amplifiers and by the time a 
pollutant reaches the end of the food chain, it gets concentrated several times over. 
This is particularly the case with DDT and other chlorinated hydrocarbons, which are 
soluble in fatty tissues. Once a pollutant gets into the food chain there can be a build-Up 
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of them. This is an important consideration because it emphasises that pollution levels 
in very dilute quantities should not be necessarily considered harmless. 

It is true that man has tried at least 3,000 different plant species as food and has 
been cultivating over 150 species, but only 16 species feed the entire world. These 
plants contain the key amino acids but not in the right proportions, types and dozes. 
Basically, world hunger is a protein hunger. A typical North American diet contains 
about 31 per cent meat, eggs, and fish whereas European and Asian diets contain 22 
per cent, and about 3 per cent of these items. Diets of the poor is monotonous and 
contain a high proportion of starchy foods like yams, rice and wheat. All kinds of 
cereal grains provide some 70 to 80 per cent of the calories and about 65 to 70 per cent 
of the protein for the poor people. But as the energy flows through a food chain about 
80 to 90 per cent is lost or degraded along the way in the form of useless heat at each 
step in the food chain. 

There is yet another aspect of food production which is related to energy and 
thereby affects the environment and ecology of our planet. Man's quest for more food 
is based on using three levels of energy input to supplement the solar energy which is 
primarily used by plants in photosynthesis to create food. These are in the form of (1) 
manpower, (2) manpower plus animal power, and (3) manpower plus fossil fuel power. 
As we move to the higher levels of energy input, yield per acre of land rises sharply, 
but the side effects in the form of higher disorder and ecosystem disruption also 
increase. We also know that increased yields in modern agriculture are based on four 
fossil fuel powered technologies: mechanization, irrigation, fertilizers, and pesticides 
and herbicides. 

Modern agriculture does not use solar energy any more efficiently than the 
unindustrialized agriculture. It merely supplements it with fossil fuel energy. Actually, 
it is a compromise in exchanging calories of fossil fuels for calories in food. Thus 
growing food requires an expenditure of fossil fuel energy in greater amount than the 
energy contained in the food. Actually, we are being fed at the expense of our fast 
depleting fossil fuel energy. But for the soaring maintenance costs, the entire system 
can collapse. Without fossil or other fuels, the monoculture agriculture of 
industrialized countries like the United States can totally collapse. Besides, the 
production of 1 million tons of fertilizer not only adds to air and water pollution but 
requires 1 million tons of steel and about 5 million tons of fuel. Fertilizers are also a 
major source of water pollution. 

There is a far more serious threat to ecosystems of the earth from another 
direction, i.e., from man's ever-active ingenuity to develop new products. Remarkable 
progress in organic chemistry and the metals processing has led to tremendous 
diversification of products and if this trend continues, we can safely say that 50 per 
cent of the products that will be used in 15 years' time, really do not exist today! The 
pace at which such new products are being created, raises doubts, whether we would be 
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able to control their toxicity at all. The following figures provide some idea of the 
dimension of the problem : 

At present there are 7 million known chemical substances; 
Some 100000 are available in the market; 
1000 new substances are put on sale each year; 
These products, and other substances such as chromium, cadmium etc., 
are used in a large number of products, as pigments for paints, 
lubricants, fertilizers, food additives, stabilizers, cleaning or anti
corrosion agents, solvents, medicines etc.; 
Even if, we use all existing laboratory facilities, a maximum of 500 
products at best can be tested in a year. That too at an enormous 
expense (a single carcinogenicity test requires three years of work and 
costs around US $ 500 000); 
The US Environmental Protection Agency lists some 500 substances as 
hazardous, but in practice, hardly 100 are covered by the standards. In 
fact, the EEC list does not run beyond 30 items. 

All these convey a message that all is not well for the ecological health of our 
planet if we continue with our technological and economic progress without caring for 
environment. Sometimes unintentional damages are caused even by well-intentioned 
plans. In 1962, the United States Army decided to dispose off some toxic wastes from 
its chemical warfare stocks by pumping them into a 12,OOO-feet well drilled near the 
Rocky Mountain Arsenal at Denver, Colorado. During the period these wastes were 
being dumped, 710 small earthquakes occured, whereas in previous 80 years, only 
three earthquakes had been recorded in this area. Although the army discontinued this 
practice after protests were made, but a number of industries, in order to save on 
expensive water and air pollution control installations, also began to inject wastes into 
deep wells. 

In short from all accounts, it appears that we should stop treating our planet in a 
casual throughtless way, without caring at all for its environment and ecology which 
have developed over years through a delicate balance of several factors. It is necessary 
and inevitable for us to preserve it, if our future generations must survive and flourish. 

7. Economic Perspective of Development 

Based on per capita gross national product (GNP), the World Bank in 1991 
classified world economies in three major groups, viz., low, middle, and high, with the 
following stipulations : 

* Low-income economies or poor people of the world are those with a GNP 
per capita of $ 635 or less. 

* Middle-income economies are those with a GNP per capita of more than $ 
635 but less than $7,910. 
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* High-income economies or consumer class or rich people of the world are 
those with a GNP per capita of $ 7,910 or more. 

Low- and middle-income economies are sometimes referred to as developing 
economies. The above three economic groups have their own share of natural 
resources, emissions of pollutants and degradation of environment based on their life 
life styles. The general life style of these classes of people is given in Table 10. 

Table 10 Consumption Classes of the World, 1992 

Category of Consumers Middle Poor 
Consumption (1.1 billion) (3.3 billion) (1.1 billion) 

Diet meat, packed food, grain, clean insufficient grain, 
soft drinks water unsafe water 

Transport private cars bicycles, buses walking 

Materials throwaways durables local biomass 

Source: Worldwatch Institute. 

The world's poor (low income economies) - some 1.1 billion people- includes 
mostly rural Africans, Indians, and other South Asians. This poorest fifth of the 
world's population earns just 2 per cent of world income. The 3.3 billion people in the 
world's middle-income class live mostly in Latin America, the Middle East, China, and 
East Asia. This class also includes the low-income families of the former Soviet bloc 
and of western industrial nations. The consumer class- the 1.1 billion members of the 
global consumer society or people from high income group - takes home 64 per cent of 
world income - 32 times of what poors earn. The consumer class includes North 
Americans, West Europeans, Japanese, Australians, and the citizens of Hong Kong, 
Singapore, and the oil-rich Sheikhdoms of the Middle East. Also half the people of 
Eastern Europe and the Commonwealth of Independent States, about one fifth of the 
people in Latin America, South Africa, and the newly industrializing countries (NlC) 
of Asia, such as South Korea belong to consumer class. 

About a billion poor of the world actually live in a state of absolute poverty, 
which is characterized by malnutrition, illiteracy, disease, short life expectancy and 
high rates of infant mortality. Additionally, about a billion men, women, and children 
struggle to fulfil bare necessities of life without attaining any thing beyond that. The 
vast majority - over 85 per cent - of the world's poorest people live in the developing 
countries of Africa, Asia, and Latin America and at least 80 per cent of these people 
live in rural areas. 
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7.1 Unequal Distribution of Income 

Since 1950s, the trends that have contributed most to the excessive pressures on 
Earth's natural systems- are the quintupling of global economic output, and widening of 
gap in the distribution of income. In fact, one of the major causes of environmental 
degradation is the inequality in the share of global income, as it fosters 
overconsumption at the top of the income ladder and promotes further poverty at the 
bottom. 

The ever-increasing disparity in income between rich and poor is responsible for 
widening this gap further. In 1960, the richest 20 per cent of the world's people 
absorbed 70 per cent of global income; by 1989 their share of wealth increased to over 
83 per cent. On the other hand during the same period, the poorest 20 per cent lost 
their share of global income from a meagre of just 2.3 per cent to 1.4 per cent. The 
ratio of the share of richest to the poorest's thus grew from 30 : 1 in 1960 to 59 : 1 in 
1989 (see Table 11). 

Table 11 Global Income Distribution during 1960 to '89 

Percentage Share of Global Income 
Richest 20 Poorest 20 Ratio of Richest 

Year per cent per cent to Poorest 

1960 70.2 2.3 30: 1 
1970 73.9 2.3 32: 1 
1980 76.3 1.7 45: 1 
1989 82.7 1.4 59 : 1 

Source : United Nations Development Programme, Human Development Report 1992 (New 
York:Oxford University Press, 1992 ). 

It is the people at either end of the spectrum of income who are more 
responsible for damaging Earth's ecological health and wealth than those in the middle. 

For instance, families in the western United States, often use as much as 3,000 
litres of water every day, which is enough to fill a bathtub 20 times. Naturally this has 
led to an overdevelopment of water sources, which in turn has contributed to the 
depletion of rivers and aquifers, destroyed wetlands and fisheries, and by creating an 
illusion of abundance, has further led to excessive consumption. At the same time, 
nearly one out of every three persons in the developing world (some 1.1 billion people) 
do not have a safe supply of drinking water. While an average African consumes only 
87 per cent of the calories needed for a healthy and productive life, the diets in many 
rich countries are so laden with animal fat as to cause increased rates of heart disease 
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and cancers. Moreover, the meat-intensive diets of the wealthy people usurp a 
disproportionately large share of Earth's agricultural carrying capacity, since producing 
one kilogram of meat requires several kilograms of grain. If everyone in the world 
consumed as much grain for his/her diet as an average American does, the global 
harvest would have to be 2.6 times greater than what it is today, which appears to be a 
highly impossible proposition. Thus the rich harm the ecological health of the Earth on 
account of their high consumption of raw materials, energy, and manufactured goods 
and the poor because they often fell trees, grow crops, or graze cattle recklessly for 
their day to day survival. 

Further between the consumer class itself, the income distribution is not 
uniform. Its top 20 per cent makes the remaining 80 per cent appear impoverished. 
For example in the United States, the highest paid one-fifth of income earners take 
home more than remaining four-fifths combined. The top corporate executives earn 93 
times of the factory workers they employ. The rich earn more and consume more of 
natural resources, and thereby disturb ecological systems more than the average 
consumers do. 

In addition to economic disparity between the people of the world, there are 
other economic considerations which have been often overlooked while exploiting 
nature for the benefit of human society and which have led to environmental 
degradation unabated. As we have seen in an earlier section, it is the increasing 
population which is upsetting our ecological balance achieved on Earth. Even if a zero 
population growth (ZPG) becomes a reality in the near future through vigorous 
initiative in the form of a movement, it would still not solve our problem - given our 
finite world resources. There is a need to limit population growth along with the 
economic growth, which entails increasingly massive use of world resources, thereby 
further polluting the world's environment. There is also a need to work in the direction 
of restoring the degraded environment to its initial prestine state if not completely 
affecting. In fact, the environmental degradation of the world will continue as long as, 

1) there is no concensus between the inhabitants of the planet on living on an 
unpolluted Earth and, 

2) mankind is unwilling to pay the cost of environmental preservation, as one 
of the costs of production and consumption. 

7.2 Free Open Access Resources 

One factor that has largely destroyed Earth's ecological systems is our 
incapability to deal with the basic economic nature of the environmental pollution 
problem. Classical economic theories and practices have treated nature as a bottomless 
well of resources and as an infinite sink for wastes. Thus the economy became 
disassociated from nature, in theory and in practice. Of course, for many years, 
economists have been trying among other things to deal with the problem of common 
property resources, which very often can't be converted into private property rights 
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(that can be exchanged in markets to establish a price). This consideration is essential 
for rationing the scarce resources by diverting them to their most productive uses- that 
is, to the uses that meet the priorities of consumers as reflected by their willingness to 
pay for particular goods and services. These are the resources, which are called as 
open access resources, and are often subject to misuse, overuse, depletion and perhaps 
even destruction. Water, air, and large ecological systems are of this type, where 
market institutions fail to function, as no prices can be generated to reflect their most 
productive uses, and they are consumed as though they were free, even when they 
become scarce. Besides, a particular use may conflict severely with another. 

In fact, a polluter has no incentive to conserve common property resources by 
reducing his waste discharge, either by using presently available technology or by 
investing in research and development activities to create new technologies. 
Governments have often tried to develop policies to remedy the pollution problem by 
placing heavy emphasis on direct regulation of waste discharges and by providing 
subsidies to assist the development of waste treatment technologies. Many economists 
feel that this is not the best alternative to deal with the problem. They favour levying of 
taxes on all waste discharges to common property resources. 

7.3 Absence of Internalization of Preservation Costs 

In producing a thing, we do incur internal costs and reap its benefits on using it. 
In addition, there may be side, or spillover effects - costs or benefits that are external 
to the act of production or use and are passed on to someone else. Economists call 
these costs or benefits as externalities, which could either be positive or negative 
depending on their end effects. The environmental degradation is basically a 
phenomenon of negative or harmful externalities in common property resources. The 
true cost of any item or service is its actual cost plus the hidden costs, which in the 
context of environment can be of poorer health, increased cleaning bills, higher taxes 
for sewage plants, or other costs designed to minimize the undesirable effects of the 
externalities. Therefore, 

True Cost = Actual (internal) cost + external (hidden) costs 

Our present system is such that a manufacturer pays only the actual cost of 
production and many of the hidden undesirable environmental costs are often passed on 
to the consumer, involuntarily. Environmental costs arise either through the direct 
damage done by resource exploitation or through the effort expended to redress the 
damage. Eventually, the consumer pays for all these costs, either direct or hidden. 
Therefore the moot question, is whether or not the hidden costs should be openly added 
to the price of any item or service so that we know its true long term cost. Only then 
we can voluntarily decide to accept or reject the undesirable effects associated with the 
production or use of an item or a service. Therefore, we must all agree to internalize 
the environmental costs i.e., the cost of pollution and ecological disruption, that are 
external at present to the manufacturing activity. We can no longer treat air, land, and 
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water as free comodities. However, to start with, in the first phase of implementation, 
we should only reflect the cost of cleaning up in our taxes and in the prices of harmful 
items. This would allow us some time for starting the second phase, i.e., a gradual 
shift to a steady-state economy along with a stabilized population, when the 
environmental costs would be added to the cost of a product or service. 

In the last two decades, several studies have been conducted to assess the cost of 
the damage caused by environmental pollution. For example, the damage caused by 
air, water and noise pollution in 1986 in the Netherlands alone was estimated at 
between $600 million and $ 1.1 billion (about 0.5 to 0.9 per cent of GNP). In 
Germany, the damage from the same sources was estimated at about 6 per cent of GNP 
i.e., nearly $34 billion per year from 1983 to 1985. The cost of pollution damage in 
developed countries varies between 3-5 per cent of GNP. When Japan corrected its 
national income figures to allow for environment and other factors, it was found that its 
GNP had grown by an average of only 5.8 per cent a year between 1955 and 1985, 
instead of 8.3 per cent as was previously believed. It has been estimated that, when 
physical depletion of petroleum, forest and soil assets were taken into consideration, 
Indonesia's GDP grew by 4 per cent per year from 1971 to 1984, instead of the 
reported gross average value of 7.1 per cent. 

Further, the cost of pollution abatement and control programmes in developed 
countries ranges from 0.8 to 1.5 per cent of the GDP whereas the figures for the 
developing countries are much lower and vary substantially. Pollution abatement 
studies essentially involve the direct costs of dealing with the problems of air and water 
pollution and waste management. They rarely include the expense of environmental 
deterioration, or the cost of the lost natural resources or of their impacts on economic 
development or on the people, and therefore, generally show the cost of action but not 
the cost of inaction. 

In fact, it should now be realized that the money spent on environmental 
policies is an investment for the future. The expense incurred today is generally more 
than repaid by the benefits accruing from it in the future. For example, some 6 million 
hectares of productive land are lost every year to the advancing desert, while another 
21 million are reduced to uneconomic productivity, resulting in a loss of agricultural 
production of about $ 42 billion a year,the measures to stop this loss by holding back 
the desert would hardly cost $ 2-6 billion a year for the next 20 years, over and above 
what is already being spent. This definitely appears to be a profitable investment. 
However, it is true that the return would not come tomorrow, but usually in the long 
run. 

It has been estimated that the net benefits from air and water pollution control in 
the United States would amount to about $ 26 billion per year. In developing 
countries, safe drinking water and sanitation facilities could reduce the incidence of 
infectious diseases by 50 to 60 per cent or more. This improvement in human health 
would not only increase productivity and time on the job (both of which contribute to 
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GNP), but would also cut down the expenditure on medical care programmes. The 
payoffs from a switch to better management of resources are today quantifiable and it 
must also be realized that the present costs of switching to better environmental policies 
and programmes are small in comparison to the future costs of repairing the damage 
that will follow, if too little is done now. The industrial world is regretfully 
discovering this reality. They also know now that the expense of recycling poisonous 
wastes is negligible compared to the expense of cleaning up the inadequately regulated 
hazardous waste sites - which is estimated to be about $ 100 billion in the US and at 
$6 billion in the Netherlands. 

7.4 Growing Overconsumption by Developed Countries 

The word consume cannotes "to make away with; to destroy utterly; to waste 
or squander; to swallow up; to use up". In view of an ecologist, all these fit in very 
well to a consumer society of economically developed nations of the world. Consumers 
society is mainly responsible for the damage that humans have done to common global 
resources of the world. From the earth, they have taken minerals; from the forests, 
timber; from the farms, grain and meat; from the oceans, fish; and from the rivers, 
lakes, and aquifers, fresh water. An average resident of an industrialized country 
consumes 3 times as much fresh water, 10 times as much energy, and 19 times as much 
aluminium as the one from a developing country. 

The consumer society, which mainly existed in the United States, expanded 
from the United States to Western Europe and Japan during sixties. Today, taken 
together, France, Germany, and United Kingdom more than doubled their per capita 
use of steel and their intake of cement and alumiminum, and tripled their paper 
consumption since 1950. If everyone in the world used as much metal, lumber, and 
paper as the consumers do,mining and logging - rather than tapering off for ecological 
health - would jump more than threefold. Per capita consumption of heavily packaged 
and processed frozen foods doubled in Europe in the 1980s, and in the latter half of 
that decade, soft-drink consumption - mostly in disposable containers- jumped by 30 
per cent per person. There was more than one automobile per household in Europe in 
1988. In North America, Western Europe, and Japan, virtually every home has a 
refrigerator, and a washing machine. Clothes dryers and dishwashers are also spreading 
fast. In the United States, every home has at least one room air conditioner- which 
employs ozone depleting coolant. 

The use of minerals is heavily concentrated in rich nations, and the disparities in 
use are most striking for metals. In 1990, the top eight industrial-nation users of 
aluminum, copper, and lead accounted for two thirds of the world consumption. Eight 
or fewer wealthy countries took over half the iron ore and three fifths of zinc, tin, and 
steel supplies. In fact, the environmental impacts of mineral extraction are particularly 
severe in developing countries, which produce a large portion of the world's mineral 
supplies but use a relatively small share and supply a major portion of their ores to 
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industrialized countries. These developing nations also hold some of the globe's 
greatest remaining concentrations of biological diversity. Mineral projects are among 
the major causes of disturbance in such areas. But the industrialized nations, who are 
the actual user of the most of the minerals do not own the responsibility of the damage 
being caused in the developing world or for cleaning up the messes created to satisfy 
their needs,. It is the one-fourth of the humanity, who live in industrial nations, indeed 
enjoy the material comforts, which the rest can only dream of. 

In short, the skyrocketing consumption has become the symbol of prosperity of 
an industrialized nation in the present era. Since 1950, the worldwide per capita 
consumption of copper, energy, meat, steel and timber has approximately doubled; per 
capita car ownership and cement consumption has gone up four times; per capita 
aluminium consumption has grown sevenfold; and air travel per person has increased 
33 times. Japanese today consume more than four times as much aluminium, almost 
five times as much energy, 25 times as much steel and own four times as many cars per 
person as they did in 1950. They are also flying more. Whereas in 1972, 1 million 
Japanese travelled abroad, this number rose to 11 million in 1990. Today, people in 
the United States own twice as many automobiles, drive two-and-a-half times as far, 
use 21 times as much plastic, and cover 25 times as much distance by air as their 
parents did in 1950. This increase has definitely caused further environmental damage 
and its major share is held by the high income group since the share of middle-income 
group has grown more slowly, and that of the poor has virtually remained unchanged. 
Industrialized countries, which constitute only one fourth of the global's population, 
consume 40-86 per cent of Earth's natural resources (see Table 12). 

Table 12 Consumption of Industrial and Developing countries during Late 1980s 
[17]. 

Industrial Countries' Share Ratio of per capita Consumption 
Goods of World Consumption (Industrial to Developing 

(per cent) Countries) 

Aluminium 86 19 
Iron and Steel 80 13 
Chemicals 86 18 
Energy 75 10 
Cement 52 3 
Timber 76 10 
Paper 81 14 
Meat 61 6 
Fish 49 3 
Fertilizers 60 5 
Grains 48 3 
Fresh water 42 3 
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The use of fossil fuels by consumer class causes an estimated two thirds of the 
emissions of carbon dioxide. Whereas, the poor typically are responsible for the 
release of a tenth of a ton of carbon a piece each year through burning fossil fuels and 
the middle-income class, half a ton, the consumer class causes more than 3.5 tons. In 
industrial countries, the fuel burnt release three fourths of the sulphur and nitrogen 
oxides that cause acid rains. Industrial countries' factories generate most of the world's 
hazardous chemical wastes. Their military facilities have built more than 99 per cent of 
the word's nuclear warheads. Their atomic power plants have generated more than 96 
per cent of the world's radioactive waste. And their air conditioners, aerosol sprays, 
and factories release almost 90 per cent of the chorofluorocarbons that destroy the 
Earth's protective ozone layer. 

In particular, the fossil fuels that provide power to the consumer society are its 
most ruinous input. Wresting coal, oil, and natural gas from the earth permanently 
disrupts numerous habitats; burning them causes an overwhelming share of the world's 
air pollution; and refining them generates huge quantities of toxic wastes. Estimating 
from the rough measure of national averages, the consumer class depends on energy 
supplies equal to atleast 2,000 kilograms per capita of average-grade coal a year. The 
poor use energy equal to less than 400 kilograms per person, and the middle-income 
class falls in between (see Table 13). 

Table 13 Per Capita Consumption of Energy for Some Selected Countries, in 
1989 [17]. 

Country 

United States 
Former Soviet Union 
West Germany 
Japan 
Mexico 
Turkey 
China 
Brazil 
India 
Indonesia 
Nigeria 
Bangladesh 

Energy 
( Kilograms of coal equivalent) 

10,127 
6,546 
5,377 
4,032 
1,689 
958 
810 
798 
307 
274 
192 
69 

Fast-changing fashions can sometimes drive certain species to extinction. 
Peruvian butterflies sell for as much as $3,000 on the black market, and to some Asian 
consumers, the allegedly aphrodisiac musk from Himalayan deer is worth four times its 



62 

weight in gold. Bangladesh, India, and Indonesia send 250 million Asian bullfrogs each 
year to Europe, where restaurants serve their legs as a delicacy, whereas in Asia, the 
mosquitos that are eaten by frogs continue to flourish, increasing human deaths from 
malaria. 

Thus from global warming to species extinction, the consumer society bears a 
huge burden of responsibility for the ills of the Earth. Yet this consumption is very 
rarely considered immoral and receives very little or no attention or criticism from the 
members of this society, who blame developing nation for the environmental 
degradation. In fact, consumption has been a neglected variable in the global 
environmental equation. In other words, an economy's total burden is borne by the 
ecological systems of the world. Even assuming a rapid progress in stabilizing 
population arid great strides in employing clean technologies, consumer society's wants 
will eventually overrun the biosphere unless it shifts its interest from material to 
nonmaterial ends. The ability of Earth to support billions of human beings will depend 
on whether we are able to control our consumption and have begun to learn to live with 
contentment and concern for the human society as a whole. 

7.5 Problems of Developing Economies 

Developing economies often depend heavily on agriculture and soil erosion has 
played havoc on the agriculture. Some of the worst soil erosion is in India, where 
almost 1.75 million square kilometers of the country's 3.3 million square kilometers of 
territory, and 60 per cent of the croplands suffer from significant erosion. It has been 
estimated that much, if not most, of it goes eventually into the sea. In China, total soil 
loss can be roughly estimated at 4.3 billion tons per year from some 100 millions 
hectares of croplands. In Ethiopia, the cultivated highlands are believed to be losing at 
least 1 billion tons of soil per year. The direct impact of soil erosion is in the form of 
decline in crop productivity. Estimating that 1 billion tons of soil is lost every year in 
Ethiopia, erosion accounts for a loss of crop output of at least 1 million tons of food 
grains, which is equivalent to two-thirds of all the relief food shipped to Ethiopia in 
1985. In India, soil erosion is estimated to cost farmers some 8.4 millions tons of 
nitrogen, phosphorus, potash, and other critical soil nutrients each year. These 
nutrients are worth about US $ 6 million in terms of chemical-fertilizers. 

Soil erosion also leads to the sedimentation of hydropower facilities. According 
to a recent review (World Bank 1984) of development programs in 100 developing 
countries from 1982 to 1995, hydropower is projected to account for 43 per cent of 
electricity production by 1995, at an investment cost of about US$ 10 billion. But 
looking to the sedimentation in 200 major dams built from 1940 onwards and assessing 
a 2 per cent sedimentation rate, the live storage capacity of these dams is expected to be 
reduced by one-third by the year 2000. Merely a 1 per cent reduction in capacity 
signifies a loss of some 148,000 gigawatt hours of electricity by the year 2000. Thus 
sedimentation would cause a direct loss of US $3 billion in electricity output in the year 
2000. 
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Besides shortage of food, lack of sanitation and safe drinking water, mainly 
prevalent in developing countries, are perhaps the world's most acute pollution 
problems. According to the World Health Organization, dirty water and inappropriate 
sanitation cause 80 per cent of all world diseases. Waterborne diseases kill about 
25,000 people every day and debilitate several millions every year. This severely 
inhibits development. However, if we can improve the availability of safe water, it just 
as well might help in the development process. A survey carried out in Venezuela 
proved that when clean water was provided in the countryside, the production increased 
and five to seven times the cost of installing water supplies was recovered in no time. 

While mining is on low key in industrial countries, it is likely to affect 
developing countries more severely in the near future. Today many of the best reserves 
lie in developing countries and having mined their resources, the industrialized nations 
have now turned to developing countries for their mineral needs. Today, each major 
economic block looks to a corresponding part of the Third World for most of its 
mineral requirements. For example, the United States looks to Latin America, Western 
Europe to Africa, and Japan to Asia and Oceania. Old colonial ties are sometimes 
exploited to satisfy this need. For instance, Zaire supplies about 60 per cent of 
Belgium's imported copper, and Zambia supplies Britain with a third of its imported 
copper. This trend is likely to create unprecedented environmental catastrophe in the 
developing world who have their own compulsions to supply this mineral wealth to 
industrialized countries to augument their meagre finances. 

This problem is further compounded by the developed countries' financial 
incentives to their companies to secure access to the cheap minerals supplies from 
developing countries. For example, the Japanese government subsidizes foreign 
mineral projects of Japanese companies through low-interest loans, loan guarantees, 
and direct government investments. Germany offers investment guarantees, minimum 
rate-of-return guarantees, and favourable loans for foreign mineral investments by its 
companies. These nations have often joined the United States in supporting efforts by 
World Bank, to finance mineral projects in developing countries at times with the 
explicit intention of securing their future mineral resources. 

Mineral reserves have been often a subject of great interest to the mineral-using 
nations. Reserves consist of deposits whose existence has been documented by detailed 
surveying and are judged to be minable at a cost no higher than the current market 
prices. At current rates of use, global reserves of economically important minerals 
range from 20-30 years of supply for lead, tin, and zinc to 200 years supply for 
bauxite. But mineral deposits, whose presence has been indicated by preliminary 
surveys and geological evidence but are not yet economically viable, are far greater 
than the reserves, and exploration constantly moves deposits from the resources to the 
reserves. 

Today, minerals use is growing faster in developing countries than in developed 
countries since the latter have almost reached a saturated state of infrastructure 
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development and do not need minerals for massive growth. Between 1977 and 1987, 
for example, the Third World's share of aluminium and copper use grew from 10 to 18 
per cent, and that of zinc from 16 to 24 per cent. The increases are heavily 
concentrated in Mexico, Brazil, India, and the newly industrialized countries (NICs) of 
East Asia. By now, West European countries have already depleted their high-grade 
mineral reserves and rely mostly on imports virtually for all the minerals it uses. The 
United States is still an important producer of many minerals, but imports nearly all of 
its bauxite and alumina, three fourths or more of its nickel, chromium, and tin, and 
about a third of its zinc. 

Shortage of energy and lack of resources to develop new infrastructure for 
energy often restrict development in developing countries. Old technologies are often 
energy intensive. Added to this wail is the fact that energy use in developing countries 
is far less efficient than in developed countries. For example, motor vehicles made in 
developing countries often fall below the efficiency levels found in the developed 
countries. New cars manufactured in Brazil, for instance, are 20-30 per cent less 
efficient than comparable cars in Europe or Japan, whereas the vehicles built in the 
industrial world can quadruple the current level of efficiency. Further traffic congestion 
further increases the fuel consumption and reduces speed. For example, in Bangkok, 
the average vehicles speed has dropped from 12 kilometers per hour in 1980 to an 
average of 5 kilometers per hour today. 

In Thailand, some 40 per cent of the projected increase in electricity growth is 
for commercial buildings. In China, only 3 per cent of Beijing's households had 
refrigerators in 1982; but six years later, 81 per cent did. In fact the energy use grew 
faster than the population, and even more faster than the economic growth. Energy 
consumed in transportation is also growing fast, mainly due to the rapid increase in 
urbanization and in ownership of cars and two- or three-wheeled motor vehicles. 
During the past decade, annual car registrations have shot up considerably in 
developing countries of Asia by more than 10 per cent. By 1991, developing countries 
used 24 per cent of the world's oil, coal, natural gas and electricity. If we include 
wood and agricultural wastes, which provide more than a third of the energy in these 
countries, makes the total to some 30 per cent of the world's energy use. 

If we consider the electric power industry alone, it offers abundant oportunities 
to save energy and money. Third World power plants typically bum 20 to 40 per cent 
more fuel for each kilowatt-hour generated than those in the developed countries, and 
they expericnce far more unplanned shutdowns for repairs, as they are often poorly 
maintained and operated by inadequately trained staff. Also some 15-20 per cent of the 
generated electricity is lost in the line losses and theft. In some countries, this 
percentage is even higher, for example, Bangladesh loses over 40 per cent of its 
generated power this way. 

Many even now do not realize that by embracing improved efficiency and 
cleaner domestic energy resources, the developing countries can take a leap forward by 
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not resorting to the path followed by the developed countries, and thus avoiding billions 
of dollars of misdirected investments in infrastructure. Such a move would also lead to 
greater employment - a major benefit to economies which are rich labourwise but poor 
in capital. If the energy consumption during the next 30 years in Third World just 
doubles instead of tripling, billions of dollars would be freed up for the development 
that would meet people's basic needs, while reducing environmental pollution - a goal 
that is more affordable and feasible. 

It would, therefore, be better for developing countries to concentrate more on 
energy saving programmes and projects rather than in investing on new power projects. 
Building a $ 7.5-million compact fluorescent light bulb factory, for example, would 
eliminate the need to build $ 5.6 billion worth of coal-fired power plants if the bulbs 
(which need 75 per cent less power than their incandescent counterparts) were used 
domestically. In Pakistan, a change over from incandescent to compact fluorescent bulbs 
helped Karachi's Aga Khan Hospital cut its total energy consumption by 20 per cent. 
Brazil's National Electricity Conservation Program (PROCEL) has helped make 
impressive savings of energy and money. Between 1985, when it was created, and 
early 1990, PROCEL spent $ 20 million on more than 150 efficiency projects and 
progams, with private industry providing matching funds. This yielded electricity 
savings worth between $600 million and $1.3 billion in reduced need for power plants 
and transmission lines. For each $ I invested, roughly $ 25 can be freed up for other 
urgent needs. 

Developing countries, very often rely on outdated technologies that consume 
more energy than is needed. A typical Chinese refrigerator, for example, used 365 
kwhs of electricity each year, whereas in South Korea, a similarly sized model used 
240 kwhs, and a Danish one needed less than 100 kwhs. Yet industrial planners and 
manufacturers in developing countries are rarely concerned with the energy efficiency 
of their products- only with producing and selling more of them by keeping the initial 
cost as low as possible. India's 8 million irrigation pumps, which use nearly one 
quarter of the country's electricity, employ inefficient motors and pumps and poorly 
designed belts, and they are plagued by leaky foot valves and high friction losses. 
Using more efficient pumps could cut electricity consumption roughly by half at a cost 
of only 1 c per kwh saved. Chinese buildings use three times as much energy for 
heating as U.S. buildings do, even though inside temperature remain far colder. By 
making boiler improvements and using insulation and double-glazed windows, 
buildings temperatures could be raised from an average of 11 degrees to 18 degrees 
celsius - while consuming 40 per cent less coal. 

Steel plants in developing countries, for example, consume roughly one quarter 
more energy than the average plant in the United States, and about three quarters more 
than the best plant. Indian fertilizer plants use about twice as much oil to produce a ton 
of ammonia as a typical British plant does. Such records are often the result of poor 
maintenance and operating procedures,and can be readily improved- given sufficient 
information and incentive to do so. Indonesian industries, for example, could cut 
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energy use 11 per cent without any capital investment simply by changing operating 
procedures, and a Ghanaian survey found potential savings of at least 30 per cent in 
medium to large-scale industries. 

Cement plants in 84 of the 110 developing countries are major energy
consuming industry. These plants typically use 50-100 per cent more energy than the 
best ones in industrial countries, partially due to their using an antiquated wet process. 
Prompted by a government program in 1980s, Tunisia cut on the energy needed for 
each ton of cement produced between 1983 and 1991, by 13 per cent. 

Taken together, efficiency potentials in industry, buildings, transportation, and 
agriculture are staggering. By investing $ 10 billion a year to tap them, developing 
countries could halve the rate of growth of their energy demand, lighten the burden of 
pollution of their environment and health, and stop funnelling the flow of export 
earnings into fuel purchases. Gross annual savings could average $ 53 billion for 35 
years, according to a study done by Lawrence Berkeley Laboratory, U.S.A. 

In 1980, China launched an ambitious efficiency program to improve energy use 
in major industries. By directing roughly 10 per cent of its energy investment to 
efficiency over five years, the nation cut its annual growth in overall energy use from 7 
per cent to 4 per cent, without compromising on industrial production. Efficiency 
improvements accounted for more than 90 per cent of the energy savings, with shifts 
toward less energy-intensive industries explaining the remainder. The efficiency gains 
were found to be one third less expensive than comparable investments in coal supplies. 
Thus China's energy consumption expanded at less than half the rate of economic 
growth from 1980 to 1988. Had the nation failed to make such progress, energy 
consumption in 1990 would have been 50 per cent higher than it turned out to be, 

A great deal can be done to improve eficiency and boost alternatives. In India's 
case, it would be less expensive for the government to retrofit irrigation pumps than to 
fund the enormous subsidies for wasted electricity; similarly, subsidizing the use of 
efficient lighting technologies would cost less than providing below-cost electricity to 
poorer households and buildings new power plants. Governments can help move 
energy-efficient products through a wide range of programs for technology 
development, testing, information, product labelling, and standards. Publicizing results 
through labelling requirements can push manufacturers to improve efficiency. Soon 
after Brazil adopted such a program and the. average efficiency level for the standard 
refrigerator rose to that of the previous year's most efficient model. 

Instead of emulating the examples of the industrialized countries, developing 
countries need develop their own self-reliant approach' to development. Each 
developing country should follow the path best suited to its need and to its culture and 
its value systems. Countries should also have access to the technologies that they 
require and should adapt them to their own needs, rather than graft alien technologies 
in toto, which may lead to distortion in their development process. Above all, new 
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approaches should be based on environmentally sound development of soil, water, 
plants and animal resources in order to avoid the destruction of these bases on which 
the future depends. 

Recently, industrial countries have shown interest in the energy use in 
developing countries partly because of the fact that the greenhouse gases, whatever the 
sources may be, pose a threat to the world as a whole. In its 1992 report to the U. N. 
Conference on Environment and Development (UNCED), the Intergovernmental Panel 
on Climate Change reiterated its earlier finding that doubling atmospheric carbon 
dioxide- generated mainly by the burning of fossils fuels-will warm up the planet by 
1.5 to 4.5 degrees Celsius by the end of the next century. 

Burning wood in Third World kitchens in traditional stoves pollutes the air and 
some 400-700 million people, mainly women and children, suffer from high levels of 
carbon monoxide, particulates, and cancer-causing emissions such as benzopyrene. In 
urban areas, energy-related air pollution and that due to emissions from vehicles are 
playing havoc. Bangkok, Mexico City, Nairobi, Santiago, and Sao Paulo are few 
among the list of cities that suffer from lung-damaging air pollution. Acid rain falls in 
at least 14 percent of China. In the Philippines, pollution from a Batangas province 
coal plant is reported to have reduced output of rice and sugar, while it has increased 
respiratory disorders among the residents. 

Although industrial countries have emitted 79 per cent of fossil fuel-derived 
carbon dioxide since 1950, and still accounted for 69 per cent of the total in 1990, 
future growth is expected to come more from the developing countries than from the 
developed. If recent trends continue, developing countries' emissions will increase 
from 1.8 billion tons of carbon in 1990 to 5.5 billion tons in 2025, boosting global 
emissions by half at the time when they should be reduced at least 60 per cent if the 
atmospheric concentration is to be stabilized and the global warming minimized. A 
reduction of that magnitude will require major changes in all countries-industrial and 
developing. Most developing-country governments, however, accept increasing 
emissions of carbon dioxide as a necessary evil if they have to raise living standards, 
claiming that since carbon dioxide remains in the atmosphere for well over 100 years, 
it is largely the North that has caused the problem. Yet many in the developing 
countries are well aware of the risks they run if predictions of climatic changes come 
true. 

Mitigating these environmental impacts will be difficult at best, given that 
future population growth alone will spur a 70 per cent jump in energy use in 30 years 
even if per capita consumption remains at current levels. Combined with high rates of 
economic growth, these nations could triple their energy use by 2020, according to 
conventional projections. Yet the threat of climate change might be turned to the 
advantage of developing countries if industrial nations, seeking to slow the process, 
help the Third World build efficient systems that limit greenhouse gas emissions while 
meeting energy service needs. 
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On the economical front, the developing world's external debt stood at Dollars 
1428 billion (1.428 trillion) in 1992. This debt is still continuing to grow but rather 
slowly in 1990s than it did in 1980s, discouraging development. Third World countries 
are still struggling to pay debts to the creditors as they are unable to direct their 
spending towards long~term developmental plans. By investing $ 10 billion a year in 
energy efficiency programmes, the Third World can generate $ 1.75 trillion in costs of 
new energy sources over 35 years. To overcome the problem of indebtedness and to 
promote their version of development, World Bank and International Monetary Fund 
press debtor governments for structural adjustment programmes like devaluing currency 
to promote export and discourage imports, cutting on subsidies and expenditure on 
social programmes, keeping wages low to discourage spending and inflation etc. 
Although the goals of these structural adjustment programs are lofty but they are very 
often not matched by programs to lessen social and environmental burdens and 
therefore are not effective very often. 

7.6 Interdependence of Countries 

No country in the world - be it from the bloc of developed or developing 
nations - can ever claim that it produces everything that its people need for a living and 
to maintain a decent standard of living. Resources on Earth are widely distributed over 
the entire planet. Therefore, it is only through trade one country obtains access to the 
resources of the other on this politically divided planet. This interdependence of 
countries is very well reflected by the fact that the strawberry in a Chicago supermarket 
in February might have come from Mexico, where it might have been grown with the 
help of pesticides made in the Rhine Valley of Germany and a tractor made in Japan. 
The tractor itself, perhaps was constructed with Korean steel cast fron iron ingots dug 
from the territory of tribal peoples of Papua New Guinea, and was perhaps fueled with 
diesel pumped from the earth in southern Mexico. Further the strawberry may have 
been packed in a box made of cardboard from Canadian softwood pulp, wrapped in 
plastic manufactured in New Jersey, and loaded on a truck made in Italy with German, 
Japanese, and American parts. 

It would not be wrong to say that the prosperity of developed nations depends 
heavily on the resources obtained from the developing nations who in tum barter these 
for obtaining arms or technological knowhow from the advanced nations. It is obvious 
that the environmental consequence of these transactions may be different for the two 
sets of the nations involved. The ecological impacts of consumption of developed 
nations do reach into the local environments of the poor and its influence is felt 
strongly in regions populated mostly by the middle-income and poor classes. Some 
200,000 hectares of the untouched cloud forest of the Peruvian Amazon, which was 
once home to a unique highland ecosystem roamed by jaguars and spectacled bears, 
now is the home of the world's cocaine industry. In the upper Huallaga Valley, 
peasants fleeing from proverty in their mountain villages grow coca to feed the cocaine 
habit of urbanites in the United States and Europe. A blouse in a Japanese boutique 
may come from Indonesian oil wells by way of petrochemical plants and textile mills in 
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Singapore, and stitching industries in Bangladesh. Likewise, an automobile in a 
German showroom bearing the logo of an American owned corporation may contain 
parts manufactured in over a dozen countries of the world, and raw materials for these 
might have originated in a dozen others. Thus we see that the ecological consequences 
of strawberry, car or blouse may span across the globe. 

We have also seen, during the Gulf War, that the blazing fire and smoke of 
Kuwaiti oil wells did affect the environment of several other countries as distantly 
located as Kashmir in India. A catastrophe of Chernobyl type knows no international 
boundaries and it did cast its shadow over the entire Europe. It no longer remained a 
tragedy of the former Soviet Union but of the Europe and Asia. The Netherlands 
imports agricultural output of developing countries that are three times as large as the 
Netherlands. Many of these agricultural imports go to the factory farms, where millions 
of pigs and cows may be fed on palmkernel cake from deforested lands in Malaysia, 
cassava from deforested regions of Thailand, and soyabeans from Brazil in order to 
provide European consumers with their high-fat diet of meat and milk. Japan imports 
70 per cent of its corn, wheat, and barley, 95 per cent of its soyabeans, and more than 
50 per cent of its wood, much of it comes from Borneo, where to maintain these 
supplies rain forests are being cleared very fast. 

Global warming either contributed by the CO2 emissions from the developed 

countries or by burning of wood or fossil fuels in developing countries requires no 
labels of country of origin. Yet its consequences may be experienced by another set of 
countries who may not have at all contributed substantially to it. Therefore, to meet the 
demand of the people of one nation, the natural wealth and the environment of other 
country are being empoverished. Owing to its very nature, the spread of pollution 
knows no national barriers : 70 per cent of the acidification of Swedish lakes is the 
result of S02 emissions from outside Sweden; 50 to 60 per cent of the cadmium 

discharged into the environment in the Netherlands is "imported" (in the form of 
batteries and pollution transported by the Rhine); in short, transfrontier pollution is 
becoming more and more frequent. 

This interdependence was best exemplified by an advertisement in Fortune by 
the Philippine government in 1975 for their Baatan export processing zone, which ran 
as follows: "To attract companies . .. like yours . .. we have felled mountains, razed 
jungles, filled swamps, moved rivers, relocated towns . .. all to make it easier for you 
and your business to do business here". Environmental consequences have atleast 
taught us to feel as one world and to be concerned about them. 

7.7 International Trade 

It is also true that without dependence on international trade, some of the 
countries of the world would just not be able to survive. Japan sells cars and 
computers, and uses some of the earnings to buy food, timber, oil, and other raw 
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materials. Very few countries would be able to support their population at the current 
consumption levels if it were not for trade. To meet its food and timber demands alone, 
the Netherlands, for instance, appropriates the production capabilities of 24 million 
hectares of land - 10 times its own area of cropland, pasture, and forests. 

International trade is shattering the concept of independence of countries and 
thus increasing all the time the interdependence on each other. National boundaries are 
becoming less effective for economic activities in restricting the flow of materials and 
products. Today, private corporations, very often send their products across the 
national borders and have widely dispersed factories and offices across the globe. 
Global trade of products made by the world's largest 350 transnational corporations 
accounts for almost 40 per cent of world merchandise trade. These transnationals often 
rely on specialized production using lower-price labour from one region, cheap 
materials from another, markets in a third, and financing from the fourth. 

The world trade has increased almost every year, starting with a figure of $ 308 
billion in 1950. The percentage of gross world product represented by trade has 
increased even more steeply. In 1992, the value of internationally traded goods 
reached a level of $ 3.58 trillion (in terms of 1990 dollars), almost 20 per cent of the 
gross world product. This growth is as a result of both - from expanding commercial 
opportunities and from trade laws made more liberal for economic growth. Many 
developing countries have embraced exports and open economies as the path to 
development, reversing some of the beliefs of 1960s and 1970s. 

'However, for European economies the growth has been slow, and they were 
preoccupied with the task of financial integration to affect a common currency, 
common social policies, and to develop a federated European political system, while in 
respect of some of the developing countries, much of the revenues and economic 
development that trade was supposed to generate never materialized with the result that 
many of these countries could not find products that they can sell, at adequate prices, to 
the other countries. 

As for the environment, the effects of growing trade have been mixed. On the 
one hand, foreign trade has stimulated competition in some companies to improve their 
manufacturing processes using fewer resources and less energy. This has generated 
some important products in fields of medicine and environmental cleanup. On the 
other hand, based on short-term economic gains and subsidies rather than the capacities 
of soil, water, and forests, intensive cultivation of crops was carried out in the regions 
not well suited for them. Sometimes, heavily polluting industries have migrated to the 
regions less able to control pollution with clean technologies and well-planned laws, 
while the transportation of goods entailed use of more fossil fuels, increasing the 
associated pollution and extraction costs. 

In Japan, where economic activity boomed after World War II, net imports of 
forest products rose eightfold between 1961 and 1991. The nation is now the world's 
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largest net importer of forest products by far. Starting from a smaller base, South 
Korea's net imports have more than quadrupled since 1971, and Taiwan's have risen 
more than sevenfold. This demand for forest products has also taken its toll in terms of 
environmental consequences. 

There is darker side of the international trade as well. Developed nations 
sometime get rid of their hazardous wastes by dumping them at the door steps of 
developing countries by compensating these countries in terms of money or Aid. We 
have already discussed this trend in section 4.l.5. There has been a substantial increase 
in the movement of hazardous goods and waste and thus in the risks associated with 
their transport and storage; even between the nations of the European Community 
alone. More than 100,000 border crossings of hazardous substance shipments are 
recorded each year within the European Community nations alone. 

7.8 Global Economy 

In 1992, the world economy, measured by gross world product (GWP) , 
expanded by 1 per cent, over 1991, when there was virtually no growth. The 
expansion would be even less, or possibly negative, if national economic accounting 
systems subtracted the environmentally damaging effects of economic activity -
destruction of the ozone layer, the medical costs of environmentally induced illness, the 
loss of topsoil, and so on - from the output totals. The global downturn in the early 
nineties is the third major global recession since 1950. The other two, in 1974-76 and 
1980-81, were triggered by the oil price hikes. However, the current problems are 
mainly due to economic mismanagement, on the part of the United States, Germany, 
and Japan. 

But there are new constraints appearing to restrict the global economic 
expansion. These are physical constraints imposed by the earth's natural systems, 
including forests, grasslands, fisheries, and the hydrological cycle which are at present 
modest at the global level, but they are beginning to grow and have already affected 
low-income agrarian economies disproportionately. Just as the rise in energy prices 
slowed the global economic growth beginning in the mid-seventies, in the same way the 
environmental degradation and the constraints are likely to slow it further in coming 
years. 

In China, Indian subcontinent, and the semiarid Africa, the areas that together 
contain nearly half of the humanity, the demand for firewood and lumber far exceeds 
the forest regeneration. Similarly, the production of beef and mutton in industrial and 
developing countries alike is restricting grasslands' natural limits. With fisheries, U.N. 
Food and Agriculture Organization's marine biologists believe that the nearly 100 
million tons, that are being harvested annually today, represent the upper limit that can 
be sustained. In many countries, water scarcity is constraining agricultural and, in 
some cases, the industrial expansion. 



72 

8. Performance Perspective of Development 

Since the middle of this century, the world has witnessed three important 
industrial revolutions, viz., performance, computer and environment engineering 
revolutions and the level of technological development soared to unprecedented heights 
in the past 5 decades. About the last two we all know very well, but it would be 
appropriate to briefly highlight the performance engineering revolution, which also 
helps reduce environmental pollution. 

Generally, the performance of a product can be best described by the following 
attributes: 

- Capability or the product's ability to satisfy its functional needs; 
- Reliability or the product's ability to continue to function adequately 

without failures over a specified time and under the prescribed 
conditions of use; 

- Maintainability or the product's ability (if it is a repairable product) to 
recover to a healthy state following its failure; 

- Efficiency or the product's ability to effectively utilize the energy 
supplied. 

These attributes are very much influenced by the design, raw materials 
employed, fabrication, production or manufacturing and use of the product and reflect 
the levels to which the product is designed, built and used. Capability and efficiency 
ensure that design levels are adequate to meet the functional requirements of a product. 
On the other hand, reliability ensures that the product continues to remain operational 
over the intended period under specified conditions. In repairable products, the ease 
with which a product can be repaired, maintained and returned to operation, is 
measured by its maintainability. The role that human factors play is often determined 
by various programs and activities that support these attributes of performance, proper 
implementation of which leads to a quality product. 

Obviously, reliability is an important attribute ensuring high performance of the 
product since it directly and significantly influences the product's performance and 
ultimately its life-cycle costs and economics of its use. Poor reliability in design, 
manufacturing, construction, and operation would directly cause increased warranty 
costs, liabilities, refits, and repair costs. Performance engineering is usually 
synonymous with attributes like quality, reliability, durability, availability, safety and 
efficiency. A product having these attributes is expected to perform well and cost 
minimum over its entire life time. These life cycle costs not only include design and 
development costs, manufacturing costs but also maintenace costs over the product's 
entire life. 

Immediately after second World War, industrialized nations, particularly USA, 
became concerned about the performance of their military equipments. Electronic 
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equipments were found to be operative only 30 per cent of the time. To keep a vacuum 
tube functioning, one was needed on the shelf and seven in transit. In fact at any time 
66 to 75 per cent of Army equipment was inoperative or under repair. During Korean 
war, the US Armed forces were spending $ 20 per year to maintain every dollar's 
worth of equipment. During fifties British Royal Air Force was spending half of its 
budget on maintenance rather than on operations. Therefore, improving performance 
became a necessity for ensuring not only economy, but system effectiveness and 
national security. 

It was, therefore, soon realized that the economic prosperity of a country can be 
transformed by recourse to performance engineering. The glaring examples are Japan 
and seven dragon countries of Southeast Asia. During forties and fifties, Japan had the 
reputation of producing the most unreliable and cheap products. But today, inspite of 
being handicapped in raw materials, Japan produces cheap and the best or highly 
reliable products. 

Even at the end of 1960s, the western industries continued to believe that 
increasing performance of their products costs corporate profits and costs lot of money, 
Japanese did not believe in that. Believing that poor quality also leads to poor 
performance and that it cost a lot over time if the performance of a product is poor. It 
also leads to loss of business due to bad reputation. Thus Japanese set up quality 
circles, total quality management etc., - the techniques originally proposed by Dr. 
Edward Deming, an American, whose ideas although were not given much attention in 
his own country, were accepted by the Japanese. It was left to the Japanese to 
convincing prove that improving quality of products pays in the long run; doing things 
right the first time saved money; won customers and increased profits. By redesigning, 
reengineering and replanning the processes, they simultaneously achieved 
improvements in quality, productivity and profits - the attributes of a product often 
considered conflicting. 

The concept of quality has also changed considerably over the past decade and 
even more so during the past few years. Earlier, the emphasis was focused on 
products; that is, quality meant a product's ability to conform to specifications. ISO 
Standard 8402 explains critical terms relating to quality. Quality was defined as : The 
totality offeatures and characteristics of a product or service that bear on its ability to 
satisfy stated or implied needs. This approach, while acceptable, did not incorporate 
many of the latest interpretations of quality. Later on its definition started to 
incorporate elements of the customer, and quality is now defined as anticipating and 
exceeding customer expectations. In the past several years, the concept of quality has 
evolved to recognize the importance of satisfying an organization's many stakeholders, 
including community, suppliers, shareholders, employees, and management. Quality 
today includes such diverse elements as improving work life, promoting workplace, 
diversity, bettering environmental conditions, facilitating trade, and enhancing 
competitiveness. 
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Two additional concepts, now in vogue, are quality system and Total Quality 
Management. Quality system is defined as : The organizational structure, 
responsibilities, procedures, processes, and resources needed to implement quality 
management. ISO 9000 specifies requirements for quality systems. Total Quality 
Management (TQM) is defined as : A management approach to an organization 
centered on quality, based on the participation of all its members and aiming at long
term success through customer satisfaction, and benefits to the members of the 
organization and to society. Long-term success through customer satisfaction must be 
an organization's goal and should be predicated on the pursuit of quality, everyone's 
participation, and value to society. Customer's requirements are first be identified, 
defined, clarified and procedures and systems are then established to monitor, control, 
and improve those factors that directly and indirectly are involved in the production of 
uniform products and the delivery of consistent services. 

Learning from the experiences of Japanese, the American industries also carne 
around subsequently and Motorola, Xerox, IBM etc. soon built up envying reputation 
for their products. With this was born the quality revolution of 1960s. Starting as a 
natural rubber producing country in 1950s, Malaysia today is the second largest 
producer of microelectronics chips. Open any personal computer chasis, one can find a 
host of chips, being used in its circuitry, manufactured in Malaysia. All this was 
possible for this southeastern country by inculcating the culture of quality and in 
particular their recourse to performance consciousness. 

It is also true that as the technology changes with time, the performance of 
products or systems also improves. Table 14 is indicative of the performance 
improvement of digital computers over past four decades and it is easy to comprehend 
that starting with vacuum tubes which had a mean time to failure (MTTF) of 0.5 to 1 
hours, we have come a long way to improve MTTF to 10,000 hours today using VLSI 
technology. 

Table 14 

Generation 

First 
Second 
Third 
Fourth 
Fifth 

Performance Improvement in Successive Generation of Digital 
Computers [18] 

Period Switching Device MTTF in hours 

1949-55 Vacuum Tubes 0.5 to 1 
1956-65 Transistors about 10 
1966-75 Integrated Circuits (lCs) about 100 
1975-present LSI, Microprocessors about 1000 
present vnLSI, Ga As? about 10000 
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At the same time, over the same period, we have gained considerably by way of 
material and energy conservation. In early 1960s, a digital computer equivalent in 
performance to a simple PC-XT of 1980s would require several tons of materials and 
would be housed in a big air-conditioned room requiring several hundred kilowatts of 
stabilized power. By 1980, we could place it over our work table and its power 
consumption would be equivalent to a 100 watts lamp. Today, we have the computing 
capability of a main-frame computer of 1980s on our desk top, at the same time 
considerably improved in performance and within the purchasing power of an 
individual. Obviously, less material and less energy consumption leads to less 
environmental pollution. It is not only environmentally friendly by way of less 
material and less energy consumption but by way of prolonged life as well since 
reliability of modern computers is much higher than their predecessors, as longer life 
would mean less pollution over a given time period. Also it would be less 
environmentally damaging in its final disposal after a prolonged use. Therefore, it is 
no wonder that motivation for reliability or performance improvement which initially 
came from economic compulsions, now comes as a compulsion from environmental 
considerations. Longer life or durability implies less pollution and is also economically 
beneficial in the long run. Therefore, we should go for high performance products if 
environment is to be preserved. 

Perfomance improvement must not only be seen as an instrument for boosting 
exports of a country through competition in the world market and primarily as a 
necessity for economic prosperity, but as the world resources are dwindling and the 
cost of raw materials is likely to go up, the quantum of production becoming 
detrimental to the health of world environment, the emphasis of performance 
requirement can hardly be underestimated for preserving the environment. A product, 
from the stage of cradle to grave (from the conceptual stage to its disposal or recycle) 
does degrade the environment. Therefore, we must conserve on the raw materials, 
natural resources, and energy that go into the manufacturing of a product. In other 
words, it is time we go for clean production. Naturally, we can't possibly reduce the 
level of use and thus the quantity of these products, we should alternatively aim at 
prolonging the life span of the products. That is perhaps the only way left to us to 
balance the two conflicting factors, viz., increasing demands of the ever-increasing 
population and saving Earth from further pollution of one type or the other. We must 
manufacture reliable, energy efficient and cleaner products. 

Reliability, risk, and safety are closely related and are often assessed to ensure 
that no untoward event takes place during the operative phase of the product or system. 
As the modern systems become more and more complex, their chances of failure-free 
operation also decrease and we cannot possibly altogether eliminate failures but we can 
certainly attempt to minimize them. High risk systems particularly require thorough 
investigations or analyses to ensure high level performance as they can cause havoc to 
the surrounding environment once an accident takes place. Since the dawn of industrial 
revolution, safety has been very much on the mind of the man. During the steam age 
in 1866, there were 74 steam boiler explosions in England resulting in 77 deaths. This 
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was reduced to 17 explosions with 8 deaths in 1900, as a result of inspections 
performed by Manchester Steam Users Association. Better designs, such as tube-fired 
boilers, and boiler inspection have reduced it further to about once every 100,000 
vessel-years. Then came the nuclear age. Nuclear power has attempted rather, 
successfully, to anticipate the risks before they would occur and avoid them through 
design, control and regulation. An accident in one of the nuclear plants and frequent 
accidents in chemical plants (including ICI) led UK Government to establish Health and 
Safety Directorate which came under United Kingdom Atomic Energy Authority 
(UKAEA) at Warrington. Now, this facility is known as National Centre for System 
Reliability . 

Today, man is faced with a bewildering array of risks that must be reconciled 
continually. Increased awareness of new technological hazards, together with increased 
attention to the impact of these systems on our safety, health and environment, has 
resulted in new anxieties toward man-made risks. Here, it is necessary to recognize the 
fundamental distinction between risk and safety. Risk is generally taken to mean the 
(objectively ascertainable) probability of harm, whereas Safety denotes the social and 
legal judgement that probability is appropriately low; a system is safe if its risks are 
judged to be acceptable. 

TMI-2 and Chernobyl-IV accidents had led energy planners to reconsider the 
desirability of nuclear option in the power sector. Chernobyl accident was the worst in 
the history of nuclear power plants, and as a result of this accident some 203 people 
were hospitalized with severe thermal burns and acute radiation exposure and 31 people 
died (which is rather a very small number ). Over a million roubles were paid in 
compensation for the loss of personal property and dwellings. Some 1,35,000 people 
in a radius of 30 kms around the reactor were relocated. More than twenty thousand 
cottages were built for families evacuated from the danger zone and fifteen thousand 
appartments were provided for the people from Chernobyl area. About one-fifth 
population of Byelorussia had been subjected to radioactive exposure of various 
intensity and the Republic lost over 1.6 million hectares or 20 per cent of its farmlands 
and 1 million hectares of its forests were affected by the nuclear radiation. Some of the 
claimed environmental and economic consequences of Chernobyl accident were: 

- EEC banned fresh food imports from the nations within 1000 kms of the 
accident site, effectively blocking agricultural exports from the Eastern 
Europe 

- High caesium levels in German soils (E&W) and West Germany paid 
DM 200 millions to farmers 

- Poland lost Pounds 135 million from the loss of vegetables and lost $ 6 
million from tourism 

- UK banned sheep movement 
- Swedes advised against eating fish more than once a week etc. 
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Obviously, all this could have been prevented, if the accident was averted by ensuring 
high performance levels in design and operation. Prevention of an accident requires 
excellence in performance. If the plant reliability is high, the chances of failure are 
reduced and the risk associated with this plant is very low. Consequently, the safety of 
the plant is improved. Thus reliability helps prevent accidents in a plant. However there 
is a balance to be struck between the safety and the cost of achieving it. On the other 
hand, although a plant may be safe but the standards from ecological and environmental 
protection may be quite stringent and it may require a serious consideration of the 
consequences that would follow from the a probable accident. This opens up the 
question of an acceptable risk. 

In 1974, an explosion took place in the Nypro UK Chemical plant at 
Flixborough in which twenty-eight people were killed and some 36 million pounds 
were paid for the fire and accident damage following this explosion. Bhopal Gas 
tragedy and its disasterous consequences raise doubts over the risks involved with 
numerous chemical plants, that form the backbone of our industrial development and 
man I s victory over the nature to satisfy his materialistic needs. This tragedy, which 
struck on the night of December 2-3, 1984 on the unsuspecting sleeping population 
near the plant, left over 3700 people dead and about half a million affected. The 
compensation paid to the victims, decided mutually between the Union Carbide 
Company and the Government of India through a out-of-court settlement, was $ 470 
millions. 

Therefore, it becomes imperative to assess risk of industrial plants quantitatively 
and ensure their safety before they are commissioned. Quantitative risk analysis usually 
involves an estimation of the degree or probability of loss. Risk analysis is 
fundamentally intertwined with the concept of probability of occurrence of hazards and 
consists of answers to the following questions : 

1) What can go wrong that could lead to an outcome of hazard exposure? 
2) How likely is this to happen? 
3) If it happens, what consequences (long or short-term) are expected? 

The process of risk assessment, includes hazard identification, dose-response 
assessment, exposure assessment, and risk characterization. If the consequences in 
terms of ecological damage are assessed, the risk assessment is designated as Ecological 
Risk Assessment. Ecological risk assessment is the process of assessing the probabilities 
of an adverse effect on environment resulting from human activities. Ecological risk 
assessment must be differentiated from hazard assessment. In risk assessment, we 
estimate probabilities of clearly prescribed effects. Whereas, in hazard assessments, we 
rely more on margin of safety and the expert judgement of the assessor than on formal 
techniques, such as mathematical and statistical models, which define the magnitude of 
uncertainty in the effects and exposure estimates. While both hazard and risk 
assessment involve the integration of exposure and effects assessment, risk assessment 
also contains estimates of the probabilities of adverse effects. This distinction between 
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Accidents in chemical plants have a very long history and they are becoming 
quite alarming in intensity. Awards totaling $ 717.5 million were granted to next-of-kin 
and injured (29 were killed and 56 injured) following an explosion at a pyrotechnic 
plant in 1971, in which, according to the legal testimony, the plant operator had 
previously classified the ingredients and products as "flammable" instead of 
"explosive". A chemical company was fined $ 13.2 million for illegally dumping toxic 
chemicals into a city waste-treatment system. The city itself had previously been fined 
$ 10,000 for permitting discharge of the pollution into the river. The contamination 
extended down river into a bay, and has resulted in a major disruption of both 
commercial and sport fishing through 1980. One estimate is that if the entire 65-mile 
stretch of the river is to be dredged, it would require several years and up to $ 200 
million. 

A major manufacturer was fined $ 4 million, in addition to agreement to 
conduct a research program on environmental effects of PCB, to assist in partial clean
up of the upper Hudson River, because of contamination over many years of the PCB 
used in electric capacitors and transformers. The present level of control is such that 
the plant now discharges less than 1 g/day into the river (according to plant 
management). The cost of freeing the 35.7-mile stretch of the river above Troy, New 
York, has been estimated at $ 150 million. Several towns and communities draw their 
water supply from this river. 

On July 10, 1976, in Seveso, a town of 17,000 population in Northern Italy, the 
safety-valve stack (pressure relief) of a reactor for making trichlorophenol (TCP) , 
released, forming a cloud which spread over the town and surroundings. The fall out 
contained the TCP with an impurity of dioxin (dioxin is more toxic than TCP). 
Evacuation of the area, followed by decontamination and treatment of 500 persons 
followed. No recognized treatment is available for dioxin poisoning. A compensation 
fund of $ 11.5 million and an emergency funds of $ 48 million were established by the 
Italian government. 

Boiling liquid expanding vapor explosion (BLEVE) are quite common from a 
fire situation if the boiling liquid has insufficient pressure relief. The inadequate 
attention given to pressure relief over the years has resulted in many poorly engineered 
systems, with inadequate relief systems. Substances involved in BLEVEs include vinyl 
chloride, butane, butadiene, and propylene. BLEVEs have occurred especially when 
pressures and temperatures are increased to achieve higher production efficiency. For 
example, in 20 years prior to 1970, 18 BLEVEs occurred when LP Gas or propane 
tanks were exposed to fire; between 1970 and 1975, 12 BLEVEs were reported. 
Propylene, in an incident in Spain in 1978, was released from a tank truck near a 
camping area, and resulted in over 200 deaths and many injuries. 

Unconfined vapour cloud explosions (UVCEs) are another combustion process 
creating major emergency problems, recently recognized as a threat of total devastation 
to process plants and surroundings. In an UVCE incident that occurred on July 28, 
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1948 in Ludwigshaven, Germany, over 200 were killed and 3800 injured when 33 
metric tons of dimethyl ether was released from a tank car, probably due to hydrostatic 
overfilling and thermal expansion of a very warm day. 

Water-reactive chemicals deserve special attention, since the release almost 
always results in water contact with the material. In the Somerville, Massachusetts 
tank car rupture of April 3, 1980, phosphorous trichloride leaked from the car into a 
ditch. One observer reported that the responding fire company deliberately applied 
water to hasten the hydrolysis, and hence increased the acidity and opacity of the cloud. 
In any event, 23,000 persons were reported evacuated, 120 persons reported to the area 
hospitals for treatment, and corrosion damage alone from the acid gases formed was 
estimated at $ 500,000. 

All these events from the history indicate that unless we improve the 
performance of plants and design them to ensure a very low value of risk, the 
ecological consequences or impacts of their accidents will always have to be faced. 
Through better performance, we can minimize the ecological impact and the associated 
losses. 

9. New Pathways for Sustainable Development 

In this section, which is based on the U.S. Senate hearing [20] of 1992 on new 
technologies, we are going to discuss about some of the new technologies that can help 
us address environmental problems like resource depletion, ground water and air 
pollution, global warming and many other facets of ecological degradation. To build 
sustainable economy in 21st century, we require breakthrough technologies that are 
cleaner and can help produce on mass scale to cater to the needs of teeming millions 
that we would have added to the population of the world by the end of this century. We 
would need advanced batteries and fuel cells to build non-polluting automobiles; we 
will need genetically engineered plants that actually can grow biodegradable plastic; we 
will need fundamental changes in manufacturing science and engineering to achieve the 
goal of conservation of material and energy requirement and to have cleaner 
production. World Resources Institute [20] has identified 12 technologies, viz., energy 
capture; energy storage; energy end-use; agricultural biotechnology; alternative and 
precision agriculture; manufacturing modeling; monitoring and control; catalysis; 
separations; precision fabrication techniques; materials; information; and contraception. 
National Institute of Standards and Technology of U.S.A. is working with industry on 
precompetitive generic technologies in the leading areas like computing, 
telecommunication, manufacturing, biotechnology etc. Besides U.S.A., Japanese and 
Germans are also investing heavily in environmental technologies, not just in cleanup 
technologies but technologies that would prevent pollution. These countries realise that 
there is a great market for clean and green technologies in both, the developed and 
developing countries and are therefore ready to exploit it. In fact MIT! and the 
Keindanren are way ahead. MIT! recently announced a long term strategy to make 
Japan the leader of the world in green technology. 
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9.1 Concept oj Industlial Ecology 

A new concept of industrial ecology is emerging and one can think of industrial 
ecology as the network of all industrial processes as they may interact and live off each 
other, not only in economic sense but in the sense of direct use of each other's 
material and energy wastes. The whole industry is seen the way ecosystems of Earth 
are looked at, considering the total material flows through the environment. It opens up 
several promising possibilities for improvement in engineering designs for 
environment. Two major concepts of industrial ecology are dematerialization and 
decarbonization. Dematerialization represents the thrust in the direction of decreasing 
intensity of materials used by the socities as they develop. It would help produce more 
value with less material and less waste. The products will be smaller, lighter and 
provide better services. There is a great potential to reduce material intensity in areas 
like computers, automobiles, electronics etc. 

Decarbonization is an effort to reduce the amount of carbon used in energy 
system as the energy system evolves. It can be measured in terms of the carbon content 
of fuels in relation to the total energy content of all primary energy (i.e., tons carbon 
per kilowatts/year). There has been a gradual reduction of carbon in the world looking 
at the data of energy for past 150 years. Hydrocarbons are losing carbon atoms and 
gaining on hydrogen atoms. The carbon as a structural material of the world is fading 
out fast leading to green house effects. 

9.2 Molecular ManujactUling 

One technology that promises to address the problems of industrial ecology, 
dematerialization and decarbonization and ensures pollution free environment in 21st 
century, is Molecular nanotechnology. This technology is aimed at building products 
and systems block-by-block which are as tiny as molecules and offers precise positional 
control. This molecule-by-molecule control can become the basis of manufacturing 
technology that is cleaner and more efficient than what is available today. It is a 
fundamentally different way of processing matter to make products. The process is 
parallel to bioprocesses which instead of consuming fossil fuels and emitting CO2, uses 

CO2 and sunlight to convert them into products and thus acting as a net CO2 consumer. 

The parallelism does not go beyond that and molecular nanotechnology should not be 
considered a form of biotechnology and the molecular technology would not use 
ribosomes but robotic assembly; not veins but conveyor belts; not muscles but motors; 
not genes but computers; not cells dividing but small factories making products
including factories. What molecular nanotechnology shares with biology is the use of 
system of molecular machinery to guide molecular assembly with clean and rapid 
precision. 

Among its potential applications are: molecular instruments for science and 
medicine, such as a device which will be able to read DNA at the rate we see DNA 
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being used in a cell; a dividing cell performs operations that are like those of 
sequencing a human genome, but does it in hours rather than years and in microscopic 
volume. One can build extremely compact and energy-efficient computers, decreasing 
both volume and energy consumed by factors of 1 billion. In past four decades, we 
have reduced the size of computers by a factor of more than a million and in the next 
decade or two it will be by a billion. It is possible to build stronger materials and we 
can certainly use these lighter and stronger materials for building efficient vehicles. We 
would also be able to build inexpensive solar cells for use as roof top tiles and paving 
material. These would certainly help resolve environmental crisis, we face today. We 
would have no production or disposal problems of toxic chemicals. In fact the whole 
technology would be compatible with the nature. All this would contribute to the goal 
of sustainble development. 

In the past decade since the introduction of the idea, the developments in 
molecular technology over the world have been phenomenal. It was at IBM's Almaden 
laboratory that Donald Eigler's group spelt "IBM" using 35 xenon atoms. It was at 
William DeGrado's laboratory at DuPont that scientists first designed and built a new 
protein molecule containing hundreds of precisely joined atoms. In Japan, MIT! has a 
commitment of $185 million for this area. Japan's Science and Technology Agency 
under its Exploratory Research for Advanced Technology programme has sponsored a 
Aono Atomcraft Project, which aims to build semiconductor devices with atom-by-atom 
control. Texas instruments have established a laboratory in Tsukuba, north of Tokyo. 
In fact, molecular nanotechnology is poised to usher an industrial revolution of 
different kind in the 21st century with the aim of achieving higher economic prosperity 
while achieving the feat of dematerialization remarkably and ensuring global 
environmental health. 

9.3 Efficient Energy Generation 

Here we are discussing technologies that would save energy rather than conserve 
energy so that new customers could be served by saving from existing customers 
without polluting any more. Here we are focussing on total cost of energy to the 
customer and not just the unit cost of energy. For the sake of this section, only few 
technologies instead of the whole family of technologies are going to be highlighted. 

The first one is high-efficiency natural gas conversion, in which less fuel would 
be required to produce the same amount of electricity, while containing the amount of 
emissions per unit of electricity. Presently power plants convert fuel to electricity at 
about 32-38 per cent efficiency, the existing gas turbine power plants are upto 40 per 
cent efficient. With improvements in technology, it is possible to raise the efficiency to· 
50-60 per cent. The focus of this technology is to pull the aircraft jet engine technology 
out of the standard aircraft or NASA jurisdiction and take it to normal power plants for 
efficient use. They are the most efficient plants for their sizes and weights. 
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The second set of technologies in energy efficiency area relate to fuel cells and 
wind energy plants. Fuel cells can convert natural gas even more efficiently and can do 
it without water and have no NOx emissions although they have very little CO2 

emissions. Wind power can combine the knowledge of blade design out of NASA 
through Natural Renewable Energy Laboratory to wind power using microprocessor 
controlled wind machines to match their characteristics for efficient electricity 
generation. This is one of the pollution-free methods of generation of power and can be 
made economically attractive in near future. 

Argonne National Laboratory (ANL) is currently working with Allied-Signal 
Aerospace to develop a honey comb-shaped monolithic solid oxide fuel cell that has 
greater than 50 per cent efficiency. It has a very high power density and can operate on 
natural gas or alcohol without reforming. It operates at high temperatures but has very 
low emissions. Success, of course, will depend on being able to manufacture the 
ceramic-electrolyte sandwich into a multi-cell configuration that can withstand thermal 
cycling. 

9.4 Energy Efficient Use 

There are several ways of saving energy through efficient use. For example, the 
technology of high compact flourescent light, dimmable ballasts, electronically 
corrected systems, some of which have already become available. To promote efforts in 
this direction, the example of California utilities can be emulated. They have set up a 
Golden Carrot Program putting a pot of $ 30 million which will be handed over to a 
manufacturer who achieves remarkable efficieny improvement in his product. For 
example, if a refrigerator manufacturer is able to produce a refrigerator which is 25 per 
cent more energy- efficient than the best in the market and does not use CFC, he is 
entitled to this $ 30 million pot. 

Another area for making energy-efficient use is in the realm of offices, 
residential and commercial buildings, where we can reduce the use of energy by 
intelligent manipulation and planning while maintaining equivalent cost of supplying 
energy the same. Better thermal insulating materials are required for improving 
efficiencies of buildings and appliances. The ORNL is working on evecuated or gas 
filled panel insulation which contain low-cost powders, baffles or other materials such 
as aerogel, which when evacuated or filled with heavy gas, have very low thermal 
conductivity and low infrared transmission. Thermal resistance values of R-25/ inch, 
three to four times the resistance of plastic foams have been obtained with vacuum 
insulation. An interesting possibility is being explored by LBL and NREL (National 
Renewable Energy Laboratory) through electrically switchable coating such that the 
optical properties of the thin fibres on windows can be changed by a small voltage 
applied across the film. This would allow windows to pass infrared heat from Sun on 
cold day and block it on a warm day by the flip of switch. 
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9.5 Cleaner Transporlation 

The Oak Ridge National Laboratory (ORNL) is working on many advanced 
energy and environmental technologies that are likely to contribute to a globally 
sustainable natural environment and to improving social environment. Transportation 
sector needs a lot of improvement by way of developing the techniques that are 
pollution-free and energy-efficient. The energy efficiency of clean power system for 
vehicles, be they batteries, fuel cells or turbines will depend on advanced materials. 
Another area of development of energy-efficiency technologies is electrical vehicles 
providing cleaner air transportation system using the concept of industrial ecology. 

The investments in materials R&D will yield better energy technologies, which 
are essential for economic progress and environmental quality to be sustained. One of 
the areas of thrust is ceramics for heat engines. For example, silicon nitride turbines 
spinning at 80,000 rpm, can achieve efficiencies at least 30 per cent higher than the 
current internal combustion engines, with much lower emission with multifuel 
capabilities. Making these rotors tough enough and achieving reliability and 
reproducibility in production, developing better machine techniques and ways to 
prevent deformation at operating temperatures, are some of the challenges being met at 
the ORNL. They have already met the performance goals needed as demonstrated by 
EPA cycle testing, and now they are improving the manufacturability. 

Los Alamos National Laboratory (LANL) and General Motors are working on 
polymer electrolytic materials that will lead to produce another form of low 
temperature fuel cell and of high performance rechargeable batteries. Very efficient and 
safe vehicles will depend on better high-strength, light weight alloys but they should be 
made economical by reducing the cost of production and fabrication. Recycling of these 
advanced materials is a problem that has to be resolved. Better infrared reflective 
window coating and better insulation is required foe improving air-conditioning 
efficiency of electric vehicles. This coating is being developed by Lawrence Berkeley 
Laboratory (LBL). 

9.6 Cleanup Biotechnology 

There are bacterium that can potentially clean up oil spills which have been,of 
recent, of much concern to the environment. The Centre for Microbial Ecology of 
Michigan State has developed new molecular methods to identify microbes that can 
detoxify contaminated groundwater. These are methods to facilitate degradation of 
toxic halogenated organic compounds and thereby remediate contaminated process 
wastewater or aqueous materials. We have biological methods to remediate soils and 
aquifers contaminated with toxic organic compounds. 
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9.7 Biodegradable Plastics 

In 1986, Dr. Dennis at James Madison University discovered three genes which 
were responsible for making a storage product (subsequently discovered that it was 
plastic) in a number of soil bacteria. This plastic, polyhydroxybuterate, turned out to be 
a biodegradable plastic. Dr. Dennis was able to clone the genes for making this 
biodegradable plastic and to transfer those genes into E. Coli that can be mass
produced. At present it costs $ 10 to produce a pound of it but to make it economical, 
it should at most be $ I a pound. 

Another scientist Chris Sommerville at Michigan State took this clone to see if 
he could engineer a higher plant like potato or com to produce biodegradable plastic so 
that it could be produced cheap. He was successful in this effort and was able to 
engineer the model organism, Arabidopsis, genetically to produce polyhydroxybuterate 
(PHB). Currently, scientists are sequencing and mapping all the genes of this model 
organism, Arabidopsis thaliana which has a very small genome size. 

9.8 Improved Matetials 

Many efficient industrial and electrical processes depend on the management of 
high-temperature heat and ceramics offer promise not only in high-temperature 
applications but resistance to media that are corrosive to many alloys and metals. The 
DOE is developing ceramics that are not only heat and corrosive resistant but are 
mechanically tough. Efficiency in gasification of coal and biomass can be improved by 
hot gas clean up and filters fabricated by high rate chemical vapour infiltration of low 
cost fiber preforms show promise. 

The DOE under its Fossil Energy Program is developing ceramic membranes 
that can be used to separate CO2 from hydrogen. This is a technology deriving from 

Uranium enrichment and is a joint effort of ORNL and Oak Ridge K-25 plant. Coal 
gasification can prove to be the least expensive way to produce hydrogen if the CO2 

coproduct can be separated and recovered at reasonable cost. 

The advances in materials technology have been greatly accelerated by the close 
liasion between industry and the national laboratory. Research is in advanced stage to 
develop high temperature superconductors so that within a decade, high efficiency 
motors, generators and superconducting magnetic energy storage devices, for storing 
electric energy, would be available. 

The technologies mentioned above are only broad technical areas rather than 
particular products, techniques or processes. Of course this list is not the only and 
complete list but certainly is indicative of the technologies to come in future which will 
help reduce environmental damage, we have caused to our planet. 
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Table 15 Population Size and Availability of Renewable Resources, Circa 
1990, with Projections for 2010 

Circa Total Per Capita 
1990 2010 Change Change 

(million) (per cent) 

Population 5,290 7,030 +33 

Fish Catch (tons)1 85 102 +20 -10 
Irrigated Land(hectares) 237 277 +17 -12 
Cropland (hectares) 1,444 1,516 +5 -21 
Rangeland and Pasture 3,402 3,540 +4 -22 
(hectare) 

Forests (hectares)2 3,413 3,165 -7 -30 

Sources: Population figures from U.S. Bureau of the Census, Department of Commerce, International 
Data Base, November 2, 1993; 1990 irrigated land, cropland, and rangeland from U.N. Food and 
Agriculture Organization (FAO), Production Yearbook 1991 (Rome: 1992); fish catch from Statistics 
Branch, Fisheries Department, FAO, Rome, November 3, 1993; forests from FAO, Forest Resources 
Assessment 1990 (Rome: 1992 and 1993). 

1 Wild catch from fresh and marine waters; excludes aquaculture. 

2Includes plantations; excludes woodlands and shrub lands. 

Since it is difficult to prescribe and list all the measures which could be taken 
for a sustainable development but, in this section an effort will be made to provide 
some illustrative measures to stress the need rather than prescribe a solution. By no 
means the list is expected to be comprehensive, it is only meant to be representative. 

10.1.1 Diversification of Food Sources 

Increasing population in coming decades is going to put pressure on world's 
food resources. Land as a primary source of food production would be over-exploited. 
But as two-thirds of Earth is covered with water and only one-third (about 32 billion 
acres) is available as land surface, man has started looking to oceans for satisfying (or 
at least to supplement) his future food requirements. Moreover at least 50 per cent of 
the land is not available for crops because it consists of permanent ice and snow, 
mountains, or lacks topsoil. Most of the remaining potentially arable soils are found in 
very dry areas, where water, not the soil, is the limiting factor for growing more food. 
To make these soils productive, irrigation and water transport projects of unprecedented 
magnitude would be necessary. It is also true that oceans' production potential of plant 
material is approximately the same as the annual growth of land plants, providing an 
important link in the carbon, oxygen, nitrogen, hydrogen cycles. Since World War II, 
fishing has been greatly intensified and man has actually tripled the world's fish catch, 
a greater increase than in any other human food source. But this may not be sufficient, 
looking to the future requirements as getting food from the ocean through fish is 
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extremely inefficient thermodynamically. About 500 pounds of phytoplankton produce 
100 pounds of zooplankton, which can feed 10 herring to support 1 mackerel that 
makes only 1.6 ounces of tuna fish for us. This is because, the ocean food chains are 
much longer than the land-based food chains. Typically, they involve 5 steps, viz., 

Phytoplankton ---- > zooplankton ---- > small fishes ---- > larger fishes ---- > man 

Because of the second law of thermodynamics, 80 to 90 per cent of the energy 
is lost at each step of the chain. A question that often arises is : why not go to the base 
of the marine food chain and harvest phytoplankton or the grass of the sea? Secondly, 
at the sea, man is still a hunter, not a farmer. One of the useful solution for supplying 
increased protein is of course to grow and harvest fish in land-based ponds 
(aquaculture) and fish and shellfish in esturaine and coastal areas (mariculture). 

On an average, a person needs at least 20 grams of protein per day to avoid 
mal-nutrition. Those, who eat at higher level of food chain certainly drain off the 
protein from others, who have to survive on a grain diet. In fact, the 6 per cent of the 
world's population that lives in the United States drink half of the world's milk and eat 
three-fourths of its meat. Besides, some 78 per cent of all the grain harvested in the 
United States is fed to animals- representing about 20 million tons of protein that could 
have been eaten directly by humans in the protein-starved Third World countries. 

Further, shorter the food chain between the green plant and man, the less is the 
energy lost to the environment as heat and greater is the relative calorific value of the 
food. It takes 5 kgs of grains to produce 1 kg of meat. Therefore, it would help 
preserve our environment if we keep food chain as short as possible to the green plants. 
Only then we can overcome the problem of hunger of the increasing population the 
world and protect the environment at the same time. 

10.1.2 Forests Conservation 

We can reduce pressures on our forests and woodlands, if we match the need 
for sustainable gains in land and water productivity by improvements in the efficiency 
of wood use and reductions in wood and paper waste. A beneficial timber technology is 
no longer the one that improves logging efficiency - the number of trees cut per hour -
but rather the one that makes each log harvested go further. Raising the efficiency of 
forest product manufacturing in the United States, the world's largest wood consumer, 
roughly to Japanese levels would reduce U.S. timber needs by about a fourth. 
Together, the available methods of reducing waste, increasing manufacturing 
efficiency, and recycling more paper could cut U.S. wood consumption to half; a 
serious effort in the direction of wood-saving techniques would further reduce it. 

With the world's paper demand projected to double by the year 2010, there may 
be good reason to shift production toward treeless paper - that is made from nonwood 
pulp. Hemp, bamboo, jute, and kenaf are among the alternative sources of pulp. The 
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fast-growing kenaf plant can produce two to four times more pulp per hectare than 
southern pine, and the pulp has all of the main qualities needed for making most grades 
of paper. In China, more than 80 per cent of all paper pulp is made from non wood 
sources. In 1992, treeless paper was manufactured in 45 countries but accounted for 9 
per cent of the world's paper supply. 

10.1.3 Water Conservation 

With the growing population, as explained in section 3.1.5, the earth may 
eventually find itself in short supply of economical and safe drinking and adequate 
industrial water, if the present rate of pollution and use of water continues unabated. 
Therefore the solution lies in water conservation. Water-short Israel is a front-runner 
in making its economy more water-efficient. Its current agricultural output could not 
have been possible without the steady advances in water management- including highly 
efficient drip irrigation, automated systems that apply water only when crops need it, 
and the setting of water allocations based on predetermined optimum water applications 
for each crop. Israel's success is notable: between 1951 and 1990, its farmers reduced 
the amount of water applied to each hectare of cropland by 36 per cent. This allowed 
the irrigated area to more than triple by just doubling the irrigation water use. 

In certain cases, conservation of water is absolutely necessary to sustain 
productivity. A recent study by researchers from the University of Delhi and the World 
Resources Institute in Washington D.C., found that groundwater pumping in a part of 
Punjab exceeds recharge by one third and the water tables are dropping nearly 1 meter 
per year. Even if water use were reduced to 80 per cent of the recommended level, 
which could cause yields to drop an estimated 8 per cent, groundwater levels would 
still continue to decline by half-meter per year. 

Desalination offers another possibility to augment the water supply requirements 
and thereby making it possible to tap saline water held in abundance by the oceans of 
the earth. However efforts are continuing to make the process economically viable. 
Some of the large desalination plants, use multistage flash desalination, reverse 
osmosis, and solar energy for producing large quantity of water. Arid and semi-arid 
areas close to salty lakes or oceans can benefit from these technologies. Theoretically, 
it is also possible to tap water from the icebergs and the polar ice to meet the demand 
of water in future. 

Treatment of conventional water and wastewater can also be done to remove 
both natural impurities as well as those which arise from domestic, industrial and 
agricultural operations. This may include removal of nitrates, pesticides, nutrients, 
heavy metal contamination, colour etc., besides evolving procedures for disposal of 
sludges and residues. We may also reuse treated water for industrial use. Efficient and 
optimum use of water for agricultural, domestic and industrial use would help conserve 
water and environment and avoid waste to make it available to the growing population. 
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A number of acidic wastes (pickle liquors, viscose rayon wastes and mine
water, for example) can be neutralised by using lime or caustic soda; the latter is more 
expensive but may be preferable, since it avoids the problems of sludge disposal. 
Alkaline wastes requiring neutralisation arise in many industries, including the gas 
industry, tanning and cotton processing. The treatment of trade wastes is usually by 
physical, chemical or biological processes or some combination of these. Physical 
treatment is necessary to remove solids, i.e., by settling, filtering or flocculation using 
an iron or aluminium salt (flocculation removes colloidal as well as suspended solids.) 
Chemical treatment includes neutralisation, oxidation, reduction and displacement. 
Removal of toxic contaminants is achieved by a chemical process : cyanide wastes 
(from plating) can be oxidised, using chlorine and alkali; chromates may be reduced, 
using sodium bisulphite; and heavy metals (lead, cadmium, mercury , etc) can often be 
precipitated in alkaline solution, using a special chelating agent. Wastes with high 
BOD loads can be treated biologically in order to reduce the oxygen demand in 
receiving waters; such wastes include those from canneries, viscose rayon manufacture, 
and from the chemical, oil and pulp and paper industries. 

10.1.4 Matetial Conservation 

Material conservation entails optimum and efficient use of materials while 
minimizing environmental pollution. There are many ways in which the material 
conservation can be affected. These may include use of newer and environment 
friendly technologies for increasing yield, material substitution to diversify material 
use, recycling and waste minimization. 

A far more effective policy is to maximize conservation of mineral stocks 
already circulating in the global economy, thereby reducing both, the demand for new 
materials and the environmental damage done to produce them. The world's industrial 
nations, the leading users of minerals, should take lead in cutting their demand. In 
fact, the mineral use in these countries is still rising, but increases have been modest 
during the last two decades than before. There is a growing evidence that per capita 
requirement for virgin minerals has already peaked and that major shifts are underway 
for the mix of minerals required. 

National governments can also accelerate the tranSitIOn to more materials 
efficient economies through basic changes in policies governing the exploitation and use 
of raw materials. Tax policy offers the most obvious tool with which to start. Taxing, 
rather than subsidizing the production of virgin minerals can create stronger incentives 
to use them more efficiently. It could also provide governments with a way of paying 
for mine cleanups, as well as augmenting general revenues. Therefore, the most 
effective strategy for minimizing further damage to environment is not merely to make 
mineral extraction cleaner, but to reduce the rich nations' needs for virgin (non
recycled) minerals. After all, once a society's basic structures are built, the quantities 
of additional materials, it uses, need not determine its quality of life. After a certain 
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point, people's welfare depends more on the calibre of a relatively small number of 
silicon microchips than on the quantities of copper, steel, or aluminium they use. 

Metal Extraction 

The world is at the threshold of new era where chemical and physical processes 
which have proved to be polluting may be replaced by bioprocesses that eventually may 
be economical and cleaner ways of extracting materials and producing them. A new 
method, viz., biological leaching, in which bactaria are used to extract metal from ore, 
may prove quite promising in the future. At the Los Bronces copper mine in Chile, a 
biological extraction project is now being commissioned, which is designed to avoid 
pollution in the Mantaro River, the source of Santiago's drinking water, by extracting 
copper from water by repeatedly circulating through waste, overburden, and marginal 
ore dumps. The project engineers expect that it will eventually help recover more than 
half a million tons of pure copper. A more ambitious project at La Escondida, another 
giant Chilean copper mine, will recover pure metal from ore without smelting, where 
the copper will be extracted from concentrates by an ammonia solution, and then 
precipitated by electrolysis. In fact, at every stage of the mineral extraction, we can use 
a wide variety of practices that can help reduce environmental impacts. For example, at 
the initial excavation and mining process, a careful storage of topsoil can ensure its 
availability for reclamation after the mining is achieved. If soil and rock are stored in 
well-designed impoundments, runoff and sedimentation problems can also be kept to a 
minimum. Similarly, more careful storage and disposal of tailings can also minimize 
the chances of contaminating the surrounding environment. 

Material Substitution 

Another option is to substitute more benign materials for those, whose 
production is judged to be the most environmentally damaging. The use of optical 
fibres made of glass for communications, in place of copper wires, is an example of a 
shift to seek a less-damaging substitute. Fibre optics also offer a much greater 
information-carrying capacity than copper wire. Even aluminium had once replaced 
copper effectively in the area of electrical transmission and distribution. 

The demand for minerals, and especially for metals, has slackened in that new 
materials such as plastics, ceramics, and high-technology composites are now 
competing with metals- and are increasingly substituted for them- in many applications, 
from airplanes to construction. Glass fiber, for example, is supplanting copper in 
communication uses, and substitution of polyvinyl chloride pipes for copper ones 
effectively reduced yearly U. S. copper consumption by 13 per cent in 1988. 

Recycling 

Recycling has considerably reduced the demand for virgin metals (though not 
for other minerals, which are not easily recycled). In the United States, for instance, 
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recycling provides a substantial share of consumption for many metals. Lead is 
recycled at a very high rate, largely because the metal is toxic and its use is now tightly 
regulated. Seventy-three per cent of U.S. lead consumption in 1990 was supplied 
through recycling. Fifty-six per cent of iron and steel supply in the United States is 
now obtained from scrap rather than fresh ore. Aluminium recycling is particularly 
widespread because its manufacture from scrap consumes about 5 per cent of the 
energy of what would be required for its production from ore. Worldwide, annually a 
third of the aluminium used is recycled. 

A 1992 U. S. Bureau of Mines study found that 10.6 million tons of iron and 
steel, 800,000 tons of zinc, and 250,000 tons of copper are discarded in U. S. as solid 
waste each year. Though they recycle 45 per cent of the aluminium they use, U. S. 
residents still throwaway so much of the metal each year - 2.3 million tons - that the 
energy saved by recycling it could meet the annual electricity needs of a city of the size 
of Chicago. 

A quite promising recycling initiative has been undertaken by several European 
auto manufacturers, which include BMW, Mercedes-Benz, Peugeot, Renault, 
Volkswagen/Audi, Volvo, to make their vehicles entirely recyclable easily. Engineers 
at the firms are designing cars with an eye toward easy disassembly, reuse, and 
recycling various parts, and are attempting to minimize the use of nonrecyclable or 
hazardous materials. The approach can easily be adopted for other products as well. 

10.2 Waste Utilization 

We have seen earlier that agricultural wastes, like sugar bagasse, can be used to 
produce electricity. A sustainable development based on zero waste is what we may be 
eventually looking for in the long run. Agricultural, industrial and municipal waste all 
should be utilized to provide pollution free environment and help improve productivity. 
We may obtain natural gas and compost from vegetable waste, solid and liquid animal 
waste, building material from flyash - a byproduct of power station fired by coal, 
silicon from rice husk, and so on. In effect, we should attempt to achieve a zero waste 
goal. Currently, a lot is being done in that direction but more still needs to be done. In 
an integrated production complex utilizing waste generated at each product-unit may be 
the ideal situation to emulate. 

We may even be looking for the conversion of waste polymers, such as 
disposable plastic diapers or plastic packaging into useful products. Depending on the 
type of feedstock, both pyrolysis and liquefaction systems have been used to convert 
polymers into fuels. The product gases formed, a function of the temperature/pressure 
and processing conditions, can be used as fuel or as a chemical feedstock. Texaco has 
developed a fuel process to prepare slurry-fuels with reject post-consumer plastics for 
gasification to derive clean energy (such as electricity via gasturbine technology) or to 
derive new plastic building blocks from synthesis gas. 
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10.3 Controlling Emissions 

Reducing emissions of chlorofluorocarbons into the atmosphere should probably 
be accorded the first priority while considering the strategy to reduce depletion of 
ozone layer because they are extremely powerful greenhouse gases. Also among the 
CFCs in use today, there is need to shift our use to the type of chlorofluorocarbons that 
have lower ozone depleting potential, thereby the necessity of developing the 
technology of its use. 

Further, it has been estimated that deforestation in tropical forests adds 0.5 to 3 
billion tons of carbon per year to CO2 emissions (this amounts to 5 to 30 per cent of 

total GHG emissions). Therefore, if uneconomical deforestation is stopped, greenhouse 
warming could probably be slowed down significantly at little cost. More than 95 per 
cent of CO2 emissions come from the energy sector and deforestation. These emissions 

can be reduced by increasing energy efficiency, and decreasing the energy use. The 
incremental costs of reducing CO2 emissions rise rapidly because no substitutes 

currently exist for many uses of fossil fuels. A few interesting suggestions to slow the 
deforestation of tropical forests are : to reforest open land, and thereby increase the 
amount of carbon locked into the biosphere; introduce a "tree bounty" to subsidize the 
sequestration of wood in durable products; and store trees indefinitely, in a "tree 
pickling" program. 

First, a concerted effort should be made to improve understanding of the 
climate by better monitoring of the environmental and economic effects of past and 
future climatic change; and evaluating the steps that might be taken to slow climatic 
change. Research and development efforts aimed at finding new technologies to slow 
climatic change--particularly energy technologies that lower-GHG emissions per unit of 
output. They could strenghten international agreements that severely restrict CFCs, and 
try to slow the growth of the uneconomic use of fossil fuels, say, through higher taxes 
on gasoline, on hydrocarbons, or on all fossil fuels. 

The difficulty in estimating the economic and environmental damage from 
climatic change and the costs of slowing it is to find an index that can apply to both. In 
fact, this would be the "C02 equivalent" of GHG emissions, which can provide a unit 

of measurement for the cost effectiveness of policies in different sectors. An effective 
policy would be to impose a penalty on GHG emissions of about $5 per ton of CO2 

equivalent. This tax or penalty would lead to a total reduction in GHG emissions of 
about 13 per cent, which would include a large reduction in CFCs and a small 
reduction in CO2 emissions. Such a tax would amount to $3.50 on a ton of coal, 58 

cents on a barrel on oil, and 1.4 cents on a gallon of gasoline. U.S. revenues from 
carbon tax of $5 per ton would amount to about $10 billion annually and the impact of 
a more severe restraint - $100 per ton of CO2 - would be close to a tax required to 

reduce CO2 emissions by one-half. 
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Further, initial goals, such as 20 per cent reduction in carbon emissions by 2005 
adopted at the Toronto Conference on the Changing Atmosphere, would require a 
combination of unprecedented rates of energy efficiency improvements and very low
cost alternative sources of power. But if energy demand continues to grow unabated, 
alternatives like increase in efficiency, and renewable energy will not be able to meet 
the shortfall. 

In addition to the pollutants, lead levels in petrol must be reduced and lead-free 
petrol was introduced at many gasoline filling stations around the world. The costs of 
the various measures have been estimated by the EPA under three headings : the direct 
costs of control; the increased maintenance costs ; and the cost of dearer petrol and 
lower economy. In fact, we should also not rush through a solution to an 
environmental problem and should consider full implications and engineering aspects 
before enforcing it. For example, a recent World Wildlife Fund report brought out to 
light the following facts : 

a petrol car engine gets fully warmed up and works efficiently after a 10 
- kilometer drive in an urban area on a hot day and 70 to 80 per cent of 
CO and VOC emissions occur during the first kilometer. 
in most European countries like U.K., most of journeys are below 10 
kilometers which in reality are under 3 kilometers for 26 per cent times 
and 80 per cent of them being below 8 kilometers. 

Therefore, the use of a catalytic converter, which is currently far from being ideal, 
raises another set of problems like: 

catalytic converter reduces the efficiency of most engines and earlier 
designs were responsible for 10 per cent reduction in efficiency and thus 
corresponding increase in fuel consumption which increases CO2 and 

other pollutants. 
manufacture and disposal of old catalytic converter would further 
require extra inputs and create extra wastes. 

Thus it would be only appropriate to evaluate the benefits of introduction of a new 
technology vis-a-vis its consequences in terms of costs or rather environmental life 
cycle costs, before the technologies are implemented. 

In addition to air emissions, noise emissions have also affected the environment. 
There has been phenomenal increase in noise pollution over past two decades due to 
increase in transport vehicles. The acoustic environment over the world has 
deteriorated. This certainly calls for introduction of more stringent noise emission 
limits for surface and air transport. In fact, noise pollution should be taken into 
account while planning any new infrastructures. Sound proofing along with energy 



95 

saving measures should become an integral part of designs of new houses and dwellings 
in future. Noise barriers and acoustic insulators may be used to check the effect of 
existing noise sources. 

10.4 Energy Management 

There is no fundamental dichotomy between conservation and development. 
The most appropriate definition of conservation is the wise use. In market economy, a 
wise choice necessitates knowing the full cost and taking that into account in making 
purchase decisions. As noted in Our Common Future (World Commission 1987), 
consideration for the natural environment determines the long-term success of 
development projects. How we deal with the environmental impacts of energy use, 
particularly human-induced climate change, may be indicative of whether we've truly 
learned any lessons. 

If we expect to achieve a respectable living standard for the people, we need to 
explore affordable and environmentally sound ways to meet our energy requirements. 
A strategy based on more efficient use of energy and the pursuit of less-expensive and 
less-polluting domestic energy resources, such as natural gas and renewable energy, 
would allow us to break out of the energy dilemma. 

10.4.1 Biomass Energy Sources 

To augment oil supplies, technologies are also being perfected to produce 
synthetic fuel economically, particularly in the form of extraction of liquid 
hydrocarbons from oil shales, sands and coal. Coal gasification is also found attractive. 
In fact, we might have to rely on a mixed fuel base to meet our future demands of 
hydrocarbons. 

Biomass energy sources are mainly based on biogas and bioethanol. The former 
is a mixture of methane and CO2 and is produced when organic materials degrade by 

microorganisms under anaerobic conditions (in absence of oxygen), whereas the latter 
in the form of liquid fuel ethanol is produced from usually starchy feed stock through 
fermentation process. 

Deriving energy (methane) from landfill is very rare but still possible if 
significant resources are used to ensure that emissions are contained. Advances have 
been made in acid hydrolysis technology for conversion of biomass materials which are 
generally composed of hemicellulose, cellulose and lignin. The lignin cannot be 
hydrolysed but serves as a source of fuel. Hydrolysis can also be achieved with acids or 
enzymatically. The technology is available for processing of the lignocellulosic 
fraction of MSW into ethanol. The residue is contacted with mineral acid to achieve a 
high yield of monomeric sugar which is subsequently converted to ethanol. An example 
of this type of technology is found in the Tennessee Valley Authority (TV A). In fact, 
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TVA is working on a process to convert MSW to ethanol and electricity. In another 
scenario, the conversion of biomass materials could be more efficiently achieved by the 
use of catalysts. One can envision a two-stage process for the conversion of 
lignocellulosic waste into useful chemicals and simple gases. In the first step, waste 
can be conducted by pyrolysis to produce a char, a liquid (tar) and gaseous products. 
In the second stage, the char is gasified at a higher temperature to produce light gases. 
The role of metal ions during the gasification of char is fairly well-known. 

Biomass energy sources can prove to be environmentally sound ways of 
sustainable development. Biomass energy sources supply 35 per cent of energy in 
developing countries but could contribute more, particularly if existing amounts of 
agricultural and industrial wastes are better utilized and efforts to increase biomass 
production prove to be a success. For example, sugar operations, found in virtually 
every developing country, can become more profitable by converting waste into 
electricity after extracting sugar from the cane. 

There is significant interest in the use of sewage and industrial sludge as a 
feedstock for clean energy. Texaco has developed several processes aimed at using 
sewage sludge as a feedstock for gasification : the Texaco Gasification Process (TGP) 
is an advanced technology generating clean energy from various waste materials. For 
some waste foods dioxin is a real concern if the waste is incinerated; however this is 
not the case for gasification. Texaco is currently developing a technology to liquify tyres 
with a solvent. After removal of metals, the tyre-oil can be gasified in the TGP 
technology. 

10.4.2 Renewal Sources of Energy 

Several countries have abundant supplies of renewable energy resources, such as 
sunlight, wind, biological sources, and heat from deep within the earth, that are 
increasingly proving to be economical sources. Many renewables are already less 
expensive than fossil fuels or the nuclear power, once social and environmental costs
such as air pollution, resource depletion, and government subsidies- are included. 

One of the most exciting application is to install solar cells on individual 
rooftops. This has already become popular in developing countries like the Dominican 
Republic as well as in rich nations such as Norway, which already has 50,000 PV
powered country homes. A Japanese and a Swiss company have developed a solar tile 
that can be used as a common roofing material. In fact, more than 30 companies are 
now manufacturing solar cells worldwide. In Germany, a major producer of 
architectural glass is developing a semitransparent curtain wall that will provide 
filtered light as well as electricity to buildings. With the world market growing at the 
rate of 15 per cent annually, these systems are expected to become cost-effective by the 
end of the present decade. This energy source has more appropriate use in remote 
areas that do not have access to grid power. Many developing countries have seen solar 
industries spring up. Residents of Botswana's capital, Gaborone, have purchased and 
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installed more than 3,000 solar water heaters, displacing nearly 15 per cent of the 
residential electricity demand. 

As a spin off the space programme, considerable research and development has 
gone into this technology to make it a competitive source of renewable energy and fuel 
cell technology is likely to become cost effective in near future. Tokyo Electric Power 
and Southern California Gas have built fuel cells between 200 KW and 11 MW in 
capacity and provide power and heat to hospitals, hotels, office buildings, and other 
commercial facilities. In near future, most of the new buildings, and other commercial 
facilities would have natural-gas-powered fuel cells that would replace today's 
furnaces, water heaters and central air conditioners and would provide more efficient 
use of energy. 

Geothermal energy may also form the energy base for sustainable development, 
particularly in countries where such sources exist. Geothermal energy produced 21 per 
cent of the electricity in the Philippines, 18 per cent in EI Salvador, and 11 per cent in 
Kenya, in 1990. Large untapped resources exist in Bolivia, Costa Rica, Ethiopia, India 
and Thailand, in the form of heat from deep within the earth. 

Magneto hydrodynamics (MHD) is another technology providing a high 
efficiency production and can be powered by any conventional fossil fuel. But this 
technology produces less pollution than conventional fossil fuel generation plants. 

10.4.3 Alternative Sources of Energy 

As a sustainable energy option, the PV energy is too attractive to be ignored. It 
is because the principal raw material used is silicon which can be obtained from sand, 
and PV modules are simple to manufacture and do not involve any moving parts and 
are highly reliable. But the most attractive feature is that PV technology contributes 
very little to global warming and greenhouse gas emissions and is therefore a cleaner 
technology which can displace fossil fuels. The US Department of Energy has recently 
estimated that the CO2 emissions due to PV energy are equal to 0.6 per cent of the 

emissions per kwh of electricity produced by conventional fossil fuel-fired power 
plants. When a PV system supplies the electricity to a 60-watts light bulb, it displaces 
the emission of 300 pounds of carbon dioxide from a coal-fired power plant in a year. 
Besides avoiding air pollution, PV technology also displaces the water pollution of 
many conventional energy activities, like coal-mining, oil-drilling, and accidental or 
intentional oil spills in oceans which, of recent, have become quite frequent and thus 
environmentally damaging. In terms of water consumed, PV systems use about 2 or 3 
per cent as much water as a coal or a nuclear power plant would require. 

Also it is encouraging to observe that PV materials have reached the conversion 
efficiencies of 12 to 30.2 per cent. This has resulted in the reduction of the cost of PV 
electricity from $15 to $0.30 per kwh; and the life expectancy of PV modules has gone 
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up to 20 to 30 years. Thus this renewable energy source is flexible, feasible, cleaner, 
economical and long lasting (performance-wise). Let us also not forget the fact that the 
total amount of annual direct solar radiations received on the earth are 10000 times of 
the world's energy consumption. Even if PV technology has an average production 
efficiency of 10 to 12 per cent, we can, in principle, meet the entire world energy 
requirements by solar PV energy. 

However, the energy storage is one of major limitations of a widespread use of 
PV energy. Research is progressing on low-cost utility-scale battery storage as well as 
on the newer solar-hydrogen systems and it will not be long when we have ultimately a 
sustainable and renewable source of energy to meet the world energy requirements for 
ever. 

10.4.4 Efficiency Improvement 

Generally, energy saving and measures for efficient use of energy are resisted 
by utilities who, as expected, are accustomed to promoting more power use, and often 
offer lower prices to those who use more electricity. 

But the advantage of energy-efficiency programmes can hardly be overstressed. 
Although between 1973 and 1986, the U. S. economy expanded by 36% but energy 
efficiency permitted the United States to hold its energy use to 1973 levels. Industry 
reduced energy requirements per unit of output by 30 per cent between 1973 and 1984 ; 
households reduced consumption by approximately one-fifth; and energy use per square 
foot in existing commercial buildings decreased by one-tenth. Even the efficiency of 
energy use in smelting and refining of metals has improved considerably now ; for 
example, the new copper smelting technologies use only about 60 per cent of the 
energy that the traditional methods use. Automobile fuel economy has also improved 
by 35 per cent. At the end of the period, the U. S. economy was richer by about $160 
billion in a year, mainly because of the improvements in energy efficiency that 
resulted in net economic savings. 

Realizing that utility efficiency programs can have major effects, the U.S. 
utilities already anticipate electricity sales being 4 per cent less in 2000 than previously 
projected, and 6 per cent less in 2010. The Netherlands expects to cut power use by 2.5 
per cent by the end of the current decade through its lighting programs alone. The 
largest privately owned U.S. power company, Pacific Gas & Electric (PG&E), has 
targeted to meet 75 per cent of its growth via efficiency measures. 

Indonesia has been able to reduce its energy use by 11 per cent without any 
capital investment, simply by improving upon the operating procedures. In Thailand, 
where double-digit power growth was nearly bursting the energy infrastructure, the 
national utility began a $190-million five-year program that included the purchase of 
efficient lights, appliances, and motors. Brazil expects to reduce the growth of 
electricity use by 42 per cent by 2010. The Lawrence Berkeley Laboratory in 
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California estimates that efficiency would cut the growth of power use in developing 
countries by 25 per cent over the next 30 years, freeing up billions of dollars otherwise 
needed to build power plants. 

By resorting to improved efficiency and cleaner, domestic energy resources, 
developing countries can also access the advanced technologies being commercialized 
in industrial countries today, avoiding billions of dollars of misdirected investments in 
conventional infrastructure. Such a move would also lead to greater employment - a 
major benefit in economies that are labour-rich but capital-poor. 

Table 16 Various Environmentally Friendly Electricity-Generating Technologies1 

Emissions 
Conversion 

Technology2 Efficiency3 NOx S02 CO2 
(percent) (grams per kilowatt-hour ) 

Pulverized Coal-Fired Steam 
Plant (without scrubbers) 36 1.29 17.2 884 
Pulverized Coal-Fired Steam 
Plant (with scrubbers) 36 1.29 0.86 884 
Fluidized Bed Coal-Fired 
Steam Plant 37 0.42 0.84 861 
Integrated Gasification 
Combined Cycle Plant 
(coal gasification) 42 0.11 0.30 758 
Aeroderivative Gas 
Turbine 39 0.23 0.00 470 
Combined-Cycle 
Gas Turbine 53 0.10 0.00 345 

Sources: General Electric. Schenectady, N.Y., 1993; M.W. Homer, "GE Aeroderivative Gas Turbines
Design and Operating Features", GE Aircraft Engines, GE Power Generation, Evendale, Ohio, 1993; 
ABB, North Brunswick, N.J., November 2,1993. 

1 Data are for particular plants and are representative of ones in operation or under development. 

2eoal plants are burning coal with 2.2 per cent sUlphur content. 

3For natural gas-fired plants, the higher heating value, which gives lower efficiency levels, is used. 

1004.5 Energy Saving Technologies 

There is little doubt that much of the energy conservation revolution came about 
as the consumers becoming aware of the current and projected prices, substituted better 
energy management and energy-saving technology-ranging from simple insulation to 
"low-emissivity" windows for energy itself. This dramatically altered the conventional 
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relationship between energy demand and economic growth. In other words, energy
efficiency strategies started paying dividends as better and more efficient technologies 
began to be used. 

The classic incandescent bulb is inefficient and has short life because more than 
90 per cent of the energy consumed goes in heating the filament enough for it to glow. 
This in fact burns it up over time. In contrast, the compact fluorescent lamps (CFL) 
uses electricity to excite a tube-confined gas, which then radiates ultraviolet rays. 
Phosphors on the inner surface of the tube convert the radiation to visible light. This 
results in a fourfold improvement in efficiency of a standard bulb and makes it 10 times 
lasting. The CFL also helps reduce environmental problems. In the United States, full 
conversion to CFLs is likely to cut electricity use in homes up to 8 per cent, which 
would save 1 per cent of the energy use. In fact, CFLs represented a $2-billion market 
in 1992. Western Europe accounted for 44 per cent of the sales; North America, for 
28 per cent; and Japan, for 13 per cent. In the West European countries where the use 
of CFL is the highest, sales of regular bulbs have declined considerably. 

Technologies are already available that will quadruple the efficiency of most 
lighting systems. Electrical efficiency improvements could reduce the need for power 
by 40-75 per cent at an average cost of less than 2c a kilowatt-hour. Heating and 
cooling of buildings can be cut considerably through improved furnaces and air 
conditioners, as well as through better insulation and windows. 

To cite few more examples of energy efficiency in generation area, we have 
today's gas turbine renaissance focused on the combined-cycle plant - a concept in 
which the excess heat from the turbine is used to power a steam turbine, thus 
increasing its efficiency. In fact, combined-cycle plants reached efficiencies of more 
than 40 per cent in the late 1980s, with the figure climbing to 50 per cent for a General 
Electric (GE) plant opened in South Korea in 1993. Later that year, ABB announced 
that it was offering a new plant which was 53 per cent efficient. These plants are 
inexpensive to build (roughly $700 per kilowatt, or a little more than half as much as a 
conventional coal plant is) and can be built fast. For example, it took just two-and-a
half years to build the huge 1, 875-megawatt Teeside station in U.K. Even more 
versatile turbines are on the way. 

Engineers are planning to produce smaller aeroderivative turbines, new blade 
designs using the advanced metals, and high compression ratios of jet engines. By 
making a host of innovations such as steam injection, the efficiency of these one-cycle 
devices has already reached 39 per cent and is expected to reach 50 per cent in the near 
future. Because these aero-turbines will be factory-built, their costs are expected to be 
as low as $350 per kilowatt, and they can be installed in just a few months' time. 
Moreover, these devices are small, viz., 48 megawatts for an adapted 747 aircraft 
engine and 1 megawatt or less for some smaller models and therefore have a possibility 
of wide range of applications such as a cogenerator in a large building. Obviously, 
these technologies have major environmental advantages over the conventional oil or 
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coal plants, as they involve no emissions of sulphur and have negligible emissions of 
particulates. Nitrogen oxides and carbon dioxide can also be cut by 90 per cent and 60 
per cent, respectively (see Table 16). 

Gas turbine power plants can also be run on gasified coal, though it is not as 
clean as natural gas. They may also be run in the near future on gasified agricultural or 
forestry residues. In fact, these biomass wastes are estimated to be so abundant that 
they alone are in position to supply 30 per cent of the world's current electricity. 
Among the other power options available are; hydro power, which now supplies 18 
per cent of the world's electricity; and earth's geothermal heat, which already provides 
significant power in several countries, such as the Philippines and Kenya. 

There is also a move to go for a distributed power systems that rely on a broad 
mix of large and small generating plants. This could dramatically improve efficiency 
and lower the environmental burden of today's electric power systems. In fact the 
entire change would be similar to the experience of going from the mainframe 
computers in 1980 to personal computers in 1994, necessiating major changes in the 
way the system would be operated. 

10.5 Use of Biotechnology 

The world is reverting back to use of bioprocesses in comparison to chemical 
processes to produce a number of useful products since it is not only environmentally 
cleaner but would also become economically viable as the non-renewable resources 
become scarce. Biotechnology with the advent of genetic engineering and recombinant 
DNA technology has opened up several vistas for new industrial applications. We have 
already seen in past few decades how genetics has ushered an era of green revolution 
and has helped to overcome the problem of food shortages that were so common with 
several developing countries. Further gains in food production from biotechnology 
may be forthcoming soon. According to Gabrielle Persley of the World Bank, rice 
varieties bioengineered for virus resistance are likely to be in farmers' fields by 1995. 

Even in non biodegradable products like plastics which once had reigned 
supreme in the area of industrial application but have now been found to be 
environmentally unfriendly, we have made a beginning by producing biodegradable 
plastics based on polyhydroxybutyrate made by bacteria from renewable food stocks 
and polymeric carbohydrates such as Xanthan. Ammonia today can be produced by 
nitrogen-fixing bacteria and thus can be a cleaner way of producing fertilizers whose 
production through chemical processes have never been environmentally friendly. We 
have already seen in section 9.l.4 how biological leaching can help us in extracting 
metals from ore particularly when grades of ores are becoming poorer and poorer day 
by day, as we keep satisfying the world's requirements of the nonrenewable material 
resources. 
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Biotechnology can be of great help not only in cleaning up the environmental 
mess but also in preventing pollution. These include clean up of contaminated soil, 
removal of heavy metals and sulphates from water, removal of hazardous components 
from gaseous emissions using biofilters or from wastewater. In fact biotechnology, 
today, finds applications in several industrial processes. Chlorine bleaching in pulp and 
paper industry is being substituted by biotechnology processes. 

There should be no doubt about it that in early decades of 21st century, the 
world would have already been in the midst of an unpresented industrial revolution 
using biotechnology, nanotechnology and molecular manufacturing, which not only 
will help us to resuscitate the polluted Earth but will help clean up the existing mess 
and handover the world to future generations for living in healthy environment. This 
prediction is based on the trends that are available today. 

10.6 New Economic Compulsions 

The last several decades have seen the rise and fall of one Southeast Asian 
timber exporter after another. The wave pattern began with the Philippines during the 
sixties, followed by Indonesia and the Thailand during a good bit of the seventies, and 
then by Malaysia during the eighties - with most of the shipments going to Japan. 
Having experienced extensive forest losses, Thailand and the Philippines have now 
become net importers. Indonesia, with a bigger forest base, remains a significant net 
exporter. But the largest exporter of tropical wood products is now Malaysia- which 
shipped the equivalent of nearly 26 million cubic meters in 1991. With timber cutting 
in Malaysian forests estimated to be up to four times the sustainable yield, a decline in 
exports appears inevitable. Therefore there is a need for trade to be sustainable. 

In the light of this necessity, it is disturbing, to say the least, that negotiators 
involved in the eight-year-long Uruguay Round of the General Agreement on Tariffs 
and Trade (GATT) were barely interested in the role trade plays in promoting 
environmental destruction. While the reduction of government subsidies and other 
barriers to free trade could make international markets more efficient and increase the 
foreign exchange earnings of developing countries, but offers no guarantee that trade 
will be more environmentally sound or socially equitable. Unfortunately, the reluctance 
of rich countries to agree at the 1992 Earth Summit to any sizable transfer of funds to 
poorer nations does not bode well for such an initiative. 

There is a talk that the next series of GATT negotiations may be "green round" 
that would address the trade-environment nexus more directly, although probably not as 
broadly as it is needed to be discussed. Moreover, with short-term considerations such 
as slow economic growth and high unemployment taking precedence over long-term 
concerns, a coordinated effort to make trade more sustainable through cost-internalizing 
measures is not high on the agenda. If action is delayed too long, a state of ecological 
improvishment would follow, which no amount of free trade will be able to overcome. 
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Further to narrow down the income gap, we need to reduce Third World debt, 
that was talked about much in the eighties but has still not been accomplished, and 
focusing foreign aid, trade,and international lending policies more directly on 
improving the living standards of the poor. If the decision makers consistently asked 
themselves whether a choice they were about to make would help the poorest of the 
poor - that constitutes the 20 per cent of the world's income - and acted only if the 
answer was yes, more people might break out of the poverty trap and may have the 
oppurtunity to live sustainably. 

A successful global effort to lighten humanity'S load on the earth would directly 
address the three major driving forces of environmental decline - the grossly inequitable 
distribution of income, resource-consumptive economic growth, and rapid population 
growth - and would redirect technology and trade to buy time for this great movement. 
However, the future of both rich and poor alike hinges on reducing poverty and thereby 
eliminating this driving force of global environmental decline. In this way, self-interest 
joins ethics as a motive for redistributing wealth, and raises the chances of it being 
implemented. 

The prescription for reducing the type of economic growth that harms the 
environment is the same as that for making technology and trade more sustainable -
internalizing the environmental costs. If this is executed by levying environmental 
taxes, governments should avoid imposing heavier taxes overall by lowering income 
taxes accordingly. In addition, establishing better measures of economic accounting is 
critical. Since the calculations used to produce the gross national product do not 
account for the destruction or depletion of natural resources, this popular economic 
measure is extremely misleading. It tells us we are making progress even as our 
ecological foundations are crumbling. 

Besides, calling on political leaders to effect these changes, individuals in 
wealthier countries can help lighten humanity'S load by voluntarily reducing their 
personal levels of consumption. By purchasing greener products for necessities and 
reducing discretionary consumption, the top 1 billion can help create ecological space 
for the bottom 1 billion to consume enough for a decent and secure life. 

10.7 Political Will 

In September 1994, government officials gathered in Cairo for the International 
Conference on Population and Development, the third such gathering on popUlation. 
This was a timely opportunity to draw attention to the connections between poverty, 
population growth and environmental decline - and to devise strategies that would 
simultaneously address the root causes to raise women's social and economic status and 
to give women equal rights and access to resources. Only when the gender biases are 
routed out, the women would be able to escape the poverty trap and choose to have 
fewer children. In the realm of family planning, an essential step is to meet the needs 
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of more than 100 million couples who want to limit or plan their families but who lack 
access to the means to do this safely and effectively. 

In April 1995, the United Nations' Conference on climate change is being held 
in Berlin, Germany. The conference is a follow up of the Rio Summit held in 1992 
and is supposed to discuss steps to arrest global warming. Promises were made by 
industrialized countries to bring down their CO2 levels to that of 1990 by the year 2000 

but as the things are, it does not seem to be a commitment seriously implemented. 
Instead the industrialized countries are asking developing countries to make cuts on 
their part. Industrial countries fear that their industrial products might lose 
competitiveness if they implemented their share of commitment. They also do not 
intend to change their life style. Of course European Union has shown inclination to 
cut down green house gases by 10 per cent. In other words, advanced countries seem 
to lack political or economical will to implement this commitment, while there might 
be real danger to 30 island nations as the time passes on. 

The challenge of living sustainably on the earth will never be met, however, if 
population and environment conferences are the only fora in which these are addressed. 
Success hinges on the creativity and energy of a wide range of people from all walks of 
life and not from environmentalists alone. 

In poorer countries, much could be gained from greater support for the myriad 
grassroots organizations working for a better future. These groups constitute a 
powerful force for achieving sustainable development in its truest form - through 
bottom-up action by local people. In an October 1993 address at the World Bank, a 
Kenyan environmentalist Wangari Maathai noted that among the great benefits of the 
Green Belt Movement, the tree planting campaign she began, was the understanding it 
gave the people that no progress can be made when the environment is neglected, 
polluted, degraded and over-exploited. Many people have also come to appreciate that 
taking care of the environment is not the responsibility of the governments but of the 
citizens as well. This awareness is empowering and brings the environment close to the 
people. 

11. Organization of the book 

The book has six major sections, viz., Sustainable Development in 21st 
Century; Cleaner Production; Environmental Perspective; Economic Perspective; 
Performance Perspective; and finally there is a section on Future Strategies. Section I 
on Sustainable Development in 21st Century consists of three contributions, of which 
the very first mainly attempts to present a general scenario of global environmental 
degradation and the associated problems that the world is facing today, besides 
highlighting the interdependence between environmental, economic and performance 
implications of sustainable development. Remedial measures for deceleration of this 
degradation are also indicated. The second chapter of the book focuses on the strategies 



105 

of marrying ecology with economy to achieve economic prosperity of the nations in 
21st century. New technological pathways, particularly in the area of energy, 
materials, chemical industries, agricultural and food resources, manufacturing etc, to 
achieve sustainable development are discussed in the third chapter of the book. It may 
be emphasized that the concept of cleaner production as one of the strategies for 
sustainable development is presented in this section. 

The second section on Cleaner Production consists of seven chapters beginning 
with the introduction of basic concepts of cleaner technologies and methods of 
systematically designing clean processes. The characterisation of clean processes and 
the problems of implementation of cleaner production are discussed in detail in the next 
chapter, which is followed by a presentation of an integrated approach to cleaner 
production supported by two illustrative case studies. Main thrust being on projecting 
clean technology as effective alternative to the end-of-the-pipe technology. In this 
context, the development of various concepts such as Best Practical Technology 
(BPT), Best Available Technology (BAT), Best Technical Means (BTM), Best 
Technical Means Economically Available (BTMEA), Best Practicable Environmental 
Option (BPEO) , Low or Non Waste Technology (LNWT) etc., leading finally to 
Cleaner Technology (CT) are discussed in detail. An extensive coverage of various 
aspects of the cleaner production in this section is expected to bring out in focus the 
implications of implementing the concept of cleaner production. Thereafter, two 
chapters that follow offer a wide variety of case studies from several sectors on the 
application of cleaner production concept and the benefits accruing from the 
implementation of this concept. The case studies range from dairy, chemical plant, 
paints, brewery, glass, plastics, frozen foods to electroplating and illustrate various 
aspects of cleaner production, where this concept has been successfully implemented. 
These interesting case studies come from New Zealand, Singapore, Sweden and the 
Netherlands. The last chapter of this section comes from UNIDO and describes the 
efforts of this UN body in promoting cleaner production and the assistance that is 
usually available from it for implementing cleaner technology concepts. 

The third section on Environmental Perspective consists of eight chapters and 
covers a wide variety of topics ranging from environmental impact assessment (ErA), 
elaboration and clarification of self-regulation or the requirement of corporate 
disclosure of environmental Iiability,compliance costs etc and various securities laws, 
dynamic environmental management through anticipation and prevention of 
environmental problems, restoration of environmental quality and structural changes in 
economy including carrying capacity based development planning. Some interesting 
aspects of urban waste management, particularly of anaerobic digestion of municipal 
solid waste and sludge ( wastewater) management and its future role form the subject 
matter of the next chapter. 

Among the potential techniques of future pollution control are 
biotechnologically engineered processes and controls. A chapter on how biotechnology 
can help design new environment friendly and cleaner production including the 
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development of renewable energy sources, is highly appropriate. The next three 
chapters on environmental life cycle costs (LCAs) deal with several facets of LCA, 
including its methodology and how it can be applied to a product development 
programme, technical, regulatory and economic aspects of LCA, the concept of total 
product or process LCA (TPLCA) and the difference between TPLCA and EIA, 
bringing out very clearly the avenues for total environmental improvement during the 
lifetime of a system or product which is an important strategy in the consideration of 
environmental persepective of sustainable development. 

The fourth section of the book on Economic Perspective consists of eleven 
chapters starting with the economic aspects of cleaner production outlining the 
drawbacks of economic models in vogue today in the context of sustainable 
development. The difficulties of using conventional economic theories for 
environmental protection and the notion of carrying capacity and sustainability, in 
addition to an outline of European view of the environmental policies is provided in the 
next contribution. The next chapter of the book describes how resource scarcity is 
becoming a compulsion in the economic development and consequently in the 
interrelationship between nations of the world. This chapter introduces a new criteria 
for designing the production processes based on the availability of primary resources, 
energy options as well as environmental quality, besides describing some interesting 
case studies. 

The optimum utilization of biomass using an integrated management based on 
process and energy integration, particularly in the agricultural sector to utilize the main 
and the by-products of the entire crop and valorize them as raw materials to produce 
several products, forms the subject matter of the next contribution in this section. The 
detailed discussion provided in this chapter is expected to provide an insight of the 
concept of cleaner production to a reader. This is followed by an interesting 
contribution in the area of raw material management, which describes how Eco
efficiency concept can help utilize effectively the materials and renewable resources in 
their transformation to finished products with the goal of achieving economy, efficiency 
while preserving ecology; which is definitely an important step in the direction of 
sustainable development. Waste minimization is another important consideration in the 
context of cleaner production. A contribution from 3M Europe puts this idea across the 
minds of the readers very clearly by providing case studies in the realm of product 
reform, process modification, equipment redesign and resource recovery. Economic 
benefits accruing from the treatment of waste discharge, particularly from sewage can 
hardly be underestimated, therefore a contribution highlighting the newer treatment 
technologies finds place in the book, next. 

A series of four chapters on energy audit, energy generation from MSW and 
case studies pertaining to energy audit in an industry provide an insight of such major 
ramifications in the industrial processes to affect cleaner technology concepts while 
economising on energy use and avoiding waste. An efficient use of energy conserves 
natural resources and minimises pollution. Energy sector is a major sector that 
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contributes maximum to environmental pollution and therefore it is also the sector to 
receive maximum attention and importance to save energy and to minimise pollution. 
An interesting contribution on process flow/energy analysis provides a systematic 
approach for process improvement to affect economy and to improve efficiency while 
avoiding waste. The next contribution describes mathematical models of pollution 
control programme to help an environmental engineer take decision among the 
alternatives and select the most effective and economic pollution control technology. 

The fifth section on Peiformance Perspective comprises of three chapters that 
highlight the necessity of high performance in context of cleaner and economic 
production. High performance necessarily results into longevity and failure free 
operation of products and systems. Both these aspects have economic and 
environmental consequences in terms of savings and less pollution. This 
interdependence is well brought out in these chapters besides presenting how to design 
or reengineer a production process for cleaner technologies. Ways to assess risk to 
human health and environmental quality along with tradeoffs of risk with costs have 
been presented. Some modeling aspects of risk and toxicity for controlling pollution 
and defining its impact in an ecological system are presented in the last chapter of this 
section. 

The sixth and the last section on Future Strategies consists of two chapters. The 
first one is a contribution on the molecular manufacturing - an area that is expected to 
revolutionize the entire industrial manufacturing scenario, minimizing on material 
resources, waste and energy requirements, while keeping environmental pollution to a 
minimum level. The development of ability to design self-assembling molecular 
structures will open the path to manufacture and control devices and systems to 
molecular precision. Last but not the least, the second chapter of this section provides 
an outline of manpower development programme in the area of cleaner production with 
a view to fill in the gap of trained personnel in this area in coming decades. 
Obviously, there would be a need to cultivate new attitudes, new knowledge and new 
skills for all disciplines of engineering profession. The university curricula and training 
programmes will have to be redrafted to meet this challenge. All this is discussed in 
detail in the last chapter of the book. 

Thus the book makes an attempt to highlight various aspects of cleaner 
production in its most exhaustive elaboration that has been so far presented in the 
literature in an integrated manner and it is likely to generate further interest and 
knowledge in the area so that cleaner production becomes a reality in the early decades 
of the next century and the world is saved from the impending catastrophe while there 
is still time. 
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12. Conclusions 

Earth is the only habitat of humanity in the Solar system. From technological 
and economic considerations, it would not be even feasible for us to think of habitating 
any other nearby planet at least for a few centuries and by that time, we would have 
caused an irreversible damage to the environment of our planet. Time for action is 
running out. Let us entrust Earth to posterity in the condition we received from our 
ancestors. Not to cause any irreversible damage to our environment and at the same 
time develop ecomically , we need to initiate a series of plan .of actions, which includes 
a concerted and committed effort on the part of the developed and developing worlds. 
Let them not blame each other for the environmental malady, instead cooperate with 
each other in the spirit of oneness of the planet, knowing fully well the kind of 
interdependence that exists between them and no country on Earth can afford to be 
selfish even if it wants, if it is to survive and flourish on this planet. 

Poverty and deprivation are the other facets of effluence and overconsumption. 
One creates the other. Both influence the environment we live in. Therefore, concern 
for humanity and compassion should be the guiding principle and motto. Then only we 
can resolve the crisis we are facing today. To emulate the principles of sustainable 
development on Earth, we must reduce wastage of materials and energy and make their 
efficient use and consumption, while relying more on renewable resources. Recycling 
of finite material resources and the conservation and preservation of natural resources 
can help towards sustainable development. While it is true that all human activities 
lead to environmental degradation, reliance can put on the regenerative and absorbing 
ability of the environment. Biodegradability of products can help ensure reducing 
pollution-load on the environment. Also to meet the material and energy demands of 
the increasing population, we have to reduce the level of their use in terms of quantity, 
while not compromising on the functions to be perfofl11ed. Future technological 
innovations must be made in the direction of achieving these goals. Nanotechnology is 
just one step in that direction. 

The concept of cleaner production can help achieve prosperity for the humanity. 
The days of throwaway culture are gone and cleaner production based on high 
performance of products would go a long way to conserve and preserve natural 
resources and ensure their continued availability and quality for posterity. The 
existence and preservation of biodiversity is essential for the stability of terrestrial 
ecosystem that is being threatened by the increasing environmental pollution. To save 
us, we must save biodiversity. In conclusion, our prosperity in 21st century depends 
on our accepting the tenets of environment, economy and performance. These three 
attributes are highly interdependent and one can't be looked at, without considering or 
influencing the other two. 
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