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Preface

There was a time “Environmental Science” was taught only to
students of life sciences or natural sciences. With the evolution
of man, his relationship with nature drastically changed. There
was a long resilience period when ecological processes could
recover from threats of human development. However,
environmental problems arose with the multi-dimensional
development of our society. Recent phenomenon of “climate
change” surpassed all other threats imposed on human life and
its sustainability. Therefore, today it has become the need of
every citizen to know about the fundamentals of environmental
science and its management.

Current scope of environmental science includes a wide
range of subjects, viz., environmental sociology, environmental
politics, environmental economics as well as environmental
engineering. It is important for a student of engineering to
know the deep relationship between environment and
engineering. To use his / her skills in environmental management,
it becomes mandatory for a student to know the interactions
amongst physics, chemistry and biology of atmosphere,
hydrosphere, lithosphere and biosphere.

The contents of this book primarily written for engineering
students offer basic knowledge on energy resources and their
management. It describes the problems related with air pollution
and its management. There is a detailed description of issues
related with water and waste water treatment. Other problems
viz. noise pollution, soil pollution and solid waste pollution have
also been described with a proper selection of case studies. I
believe this knowledge on environmental science will help the
engineering students in developing their professional skills.
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Although, the content and accuracy of the text of this book
are the responsibility of the author, I have realized that it would
have never seen the light of the day without the dedicated work
of my sincere friends and students. I thank my wife Usha, for
providing me emotional base and companionship. My children
Sushmit, Shilpa, Shitij and grandson Avya deserve a special
thanks for their patience and cooperation. Finally, I thank the
management of I.K. International, New Delhi for giving the
present shape to this book.
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INTRODUCTION

Anybody can ask a question—what is environment? Einstein
once defined environment as “everything that is not me”.
In other words we can say that “final analysis of everything
present outside an individual is called environment”. This
outside world in which we all live, being a part of it, is cosmos.
The cosmos has air, water, soil, sun, moon and other planets.
It has plants, animals, rivers, mountains, deserts and oceans.
Collectively they make nature. The nature to which we belong
is our environment.

Another way of understanding environment is to classify it
further as physical, chemical and biological environment.
Physical environment includes radiation (light), temperature
(heat), humidity and rain. Chemical environment has water,
gases, acids, bases, inorganic elements and organic substances.
Biological environment covers all living organisms found on the
earth. These can be bacteria, viruses, microbes, algae, fungi,
herbs, shrubs, crops, large trees, worms, insects, fish, snakes
and mammals. The living world on the planet earth is supported
by complex but interdependent physical, chemical and biological
processes. These processes collectively result into evolution. Thus
we find that in environment every thing is related with
everything.

What is environmental science? Environmental science is a
collective study of many subjects. It includes elements of
agronomy (soil science), biology, botany, chemistry, climatology,
ecology, entomology, geography, geology, hydrology, limnology,
meteorology, oceanography, political science, psychology,
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2 Energy, Ecology and Environment

zoology, medicine and human and animal health. It also draws
upon some specialized subjects such as biogeography,
demography, economics, and toxicology. Thus, environmental
studies constitute a multidisciplinary subject (Fig. 1.1).

Briefly, the environment has four realms i.e. atmosphere,
biosphere, lithosphere and hydrosphere. Atmosphere is the
gaseous envelope held by the gravitational force around the
earth. Biosphere is concentrated mainly on the surface of earth.
It includes all living species (individuals). Hydrosphere is the
water domain. It includes all lakes, ponds, rivers, streams,
estuaries, bays, oceans and sea. Earth’s outer crust is lithosphere.
These four realms are so closely related with each other that
they cannot be separated absolutely. They interact with each
other and make a life supporting system.

Man, biologically called Homo sapiens sapiens, evolved with
other creatures. For a long period he remained a part of natural
system. Then he started making tools, invented fire, grew
agricultural crops and domesticated animals. Later
developments changed agricultural man into an industrial man.
He started using nature and its resources according to his

Figure 1.1 : Scope of environmental science
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demands. He made changes in all the four realms of
environment. The part of the environment, which is directly
affected by human expression of thought and action, now makes
the fifth realm called homosphere or noosphere.

If we look to the history, 16th and 17th centuries were a
period of discovery. Living creatures were classified in 18th
century. Nineteenth century debated on origin of life. In 20th
century scientists connected organisms to their habitats. From
1930s to 1960s the modern discipline of ecology was born. Later
part of 20th century witnessed the explosive growth of pure and
applied environmental science. Why? It was the period that
brought pollution, acid rain, loss of biological diversity, increased
incidents of drought, famine, floods, health problems and above
all a sense of insecurity. Technology worked as a double-edged
sword. It brought revolutions in all major sectors but degraded
natural systems and their occupants. Environmental science
then emerged as wider field than ecology. It studies the secrets
of natural world and suggests the ways and means to
establish a balance between man and nature and its
resources.

In recent years, consciousness towards environmental issues
has increased. Laws for environmental protection have been
enacted in several countries. The credit for creating awareness
goes to the conference on “Human Environment”, held at
Stockholm in 1972. Earth summit, another conference on
environment, was held in Rio-De-Janeiro in Brazil in 1992.
Important issues like human population explosion, conservation
of biodiversity, protection of ozone umbrella and restoration of
climate change were discussed. Efforts are being made to educate
people on environmental problems and their management. Man
has started to realize that environmental protection is his moral
responsibility. Ethics thus developed are called environmental
ethics.

ENERGY: BASIC CONCEPTS

Energy is most commonly defined as the equivalent of, or
capacity for, doing work. According to the Encyclopedia
Britannica, energy can either be associated with a material body,
as in a coiled spring or a moving object, or it can be independent
of matter, as light and other electromagnetic radiation passing
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through vacuum. The different forms of energy are gravitational,
kinetic, heat, elastic, electrical, chemical, radiant, nuclear, and
mass energy.

Energy is expressed in work units such as foot-pounds,
joules, ergs, British thermal units (BTUs), kilowatt-hours (kWh),
or tons of TNT-equivalent explosive energy. The energy content
of various fuels that produce heat or electricity is generally
measured in joules or BTUs. Comparative reserves of energy
resources (such as natural gas, coal and petroleum) are often
expressed as barrels of oil equivalent (bbl).

In the International System of units (SI), the preferred term
for heat is the joule, where 1 J is the amount of work required to
move a weight of 1 g through 1 cm (1 J = 107 erg = 0.2381 calories).
Alternatively, a BTU is the quantity of heat required to raise
the temperature of one pound of water one degree Fahrenheit
near the point of maximum water density (39.1°F). One BTU is
equal to 1,055 joules. An appropriate unit for expressing the
quantities of energy in world fuel reserves is the Q unit, which
is equal to 101 BTUs.

Although the early Greek philosophers recognized fire as
one of the primary elements (along with air, water, and earth),
the concept of energy was first recognized by Galileo in the
17th century. Since energy itself is invisible—one cannot see
heat or electricity—it is measured in terms of work that can be
done or variations in heat content. Galileo discovered that, when
a weight is lifted with a pulley system, the force applied
multiplied by the distance through which that force must be
applied (the work) remains constant even though either factor
may vary.

Until the 19th century, human use of energy resources was
limited to burning combustibles (wood and coal) for heating and
cooking, burning oils made from plants and animal fats for
lighting, and using water and wind to power simple machines
to grind grain and pump water. Animal power was a significant
part of the energy mix before the mid-20th century and remains
so in many developing countries even today. Since the 1970s,
water, wind, and the sun have become important sources of
energy for electricity generation.

The development of theories of mechanics and
thermodynamics by Isaac Newton and other physicists led to
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inventions like the steam engine, which uses energy to power
machines to do work. The Industrial Revolution of the 18th
and 19th centuries was driven by mechanical energy-using
technologies. The drilling of the first oil well in 1869 in Titusville,
Pennsylvania, and later the development of mass electricity
distribution ushered in the age of energy, which has
characterized the 20th century. Today, people in developed
countries daily consume more than 100 times the energy used
by primitive human beings (Table 1.1).

Table 1.1 : Human energy consumption throughout history—daily per capita
consumption (1000 kilocalories)

Food Residential Industry Transportation Total
and and

commercial agriculture

Primitive man 2 – – – 2

Hunting man 3 2 – – 5

Primitive 4 4 4 – 12
agricultural man

Advanced 6 12 7 1 26
agricultural man

Industrial man 7 32 24 14 77

Technological man 10 66 91 63 230

Source: Cook (1971) and Loftness (1978).

Energy consumption represents six stages of human
development. Primitive man, about one million years ago, had
only the energy content of the food he ate. Hunting man, who
lived about 100,000 years ago, had more food and also used wood
for heat and cooking. About 5000 BC, primitive agricultural man
grew crops and used animals for cultivation. By AD 1400,
advanced agricultural man in Europe used coal for heating and
also used water and wind for power. In the 19th century,
industrial man added the steam engine as a source of mechanical
energy. Modern technological man utilizes the internal
combustion engine, steam turbines, gas turbines and electricity
as his sources of energy.

The concept of energy is somewhat abstract; you can’t see it
or feel it, even though you have to pay for it. To understand
energy it is easiest to begin with the idea of force. We all have
had the experience of exerting force-of pushing or pulling. The
strength of a force can be measured by how much it accelerates
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an object. Suppose that your car stalls while you are going up a
hill and you get out to push it to the side of the road. You apply
a force against gravity. If the brake is on, the brakes, tires, and
bearings might heat up from friction. The longer the distance
over which you exert the same force, the greater is the change
in the car’s speed, its position, or the heat in the brakes, tires,
and bearings—that, in a physicist’s terms, is the work done
(Fig. 1.2). Work is exerting a force over a distance, that is, work
is the product of force times distance (conversely, it is
often said that energy is the ability to do work). If you
push hard, but the car doesn’t move at all, you have exerted a
force, but you have not done any work on the car (according to
the definition), even if you feel tired and sweaty.

First Law of Thermodynamics

In pushing your stalled car, you have done three things: changed
its speed, moved it against gravity, and heated its parts. These
three things have something in common: They are all forms of
energy. You have converted chemical energy in your body to the
energy of motion of the car (kinetic energy), the gravitational
(or potential) energy of the car, and heat energy. Energy can
and often is converted or transformed from one kind to another,
but the total energy is always conserved. The principle that
energy may not be created or destroyed but is always
conserved is known as the first law of thermodynamics.
Thermodynamics is the science that keeps track of energy as it

Figure 1.2 : Some basic energy concepts, including potential energy, kinetic
energy, and heat energy
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undergoes various transformations from one type to another.
We use the first law to keep track of the quantity of energy.

Potential and Kinetic Energy

The conservation and conversion of energy can be illustrated by
the example of a clock pendulum. When the pendulum is held
in its highest position, it is neither moving nor getting hotter. It
does, however, contain energy. We refer to the stored energy as
potential energy, which is converted to other forms when it is
released. Other examples of potential energy are the
gravitational energy in water behind a dam; chemical energy in
coal, fuel oil, and gasoline, as well as in the fat in your body; and
nuclear energy, which is related to the forces binding the nuclei
of atoms.

When the pendulum is released, it moves downward. At the
bottom of the swing the speed is greatest, and there is no
potential energy. At this point all its energy is in the energy of
motion, which is called kinetic energy. As the pendulum swings
back and forth, the energy changes continuously between
potential and kinetic energy (Fig. 1.3). But at each cycle the
pendulum slows down because of the friction of the pendulum

Figure 1.3 : Idealized diagram of a pendulum clock illustrating the relation between
potential and kinetic energy
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