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Early discoveries

Near Bakku, on the Caspian Sea About 1849
Bend, North of Bucharest, Rumania 1857

Oil Springs, Ontario, Canada 1858
Drake well near Titusville, PA, USA 1859

First major oil fields discovered

Spindletop, near Beaumont, TX, USA 1901
Others in Oklahoma and California, USA Shortly therafter
Discoveries in the middle east

Bahrain 1920
Kirkuk in Irak 1927

Gach Saran in Iran 1935
Dammam in Saudi Arabia 1938
Abqaiq in Saudi Arabia 1940
Ghawar in Saudi Arabia 1948-1949
Alaska, USA

Prudhoe Bay 1968
North Sea Areas

Forties, UK 1970
Ekofisk, Norway 1971
Brent, UK 1971

South America

Venezuela 1988
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Preface

Introduction

Energy is necessary for a number of reasons, the most basic and obvious involve the
preparation of food and the provision of heat to make life comfortable, or at least,
bearable. Subsequently, a wide range of technological uses of energy have emerged
and been developed, so that the availability of energy has become a central issue in
society.

The easiest way to acquire useful energy is to simply find it as wood or a
hydrocarbon fossil fuel in nature. But it has often been found to be advantageous
to convert what is simply available in nature into more useful forms, and the
processing and conversion of raw materials, especially petrochemicals have
become a very large industry.

Wood

Wood has been used to provide heat for a great many years. In some cases, it can be
acquired as needed by foraging, or cutting, followed by simple collection. When it
is abundant there is relatively little need for it to be stored. However, many societies
have found it desirable to collect more wood than is immediately needed during
warm periods during the year, and to store it up for use in the winter, when the needs
are greater, or its collection is not so convenient. One can still see this in some
locations, such as the more remote communities in the Alps, for example. One
might think of this as the oldest and simplest example of energy storage.

It was discovered long ago that it is possible to heat wood under oxygen-poor
conditions such that some of its volatile constituents are driven off, leaving a highly
porous carbon-rich product called charcoal. Charcoal has a higher heating value
per unit weight than the wood from which it was produced, approximately



30,400 kJ kg ', instead of 14,700 kJ kg ' Thus, it is more efficient to store and to
use to produce heat. This is an example of the conversion of a simple fuel into one
with a higher energy value before storage.

Fossil Fuels
Coals

Natural deposits of carbon were also discovered long ago, and it was found that they
can likewise be readily burned to produce heat. These solid carbon-rich materials
are often described as various types of coal, with different energy contents. The
lowest energy content form is called peat, followed by lignite (brown coal),
subbituminous coal, bituminous coal, and then hard coal, or anthracite. Their
approximate specific energy contents are shown in Fig. 1.

The harder forms have sufficient energy contents that it is economical to not only
store them, but also transport them to other locations. Coals constitute the largest
fossil fuel resource in the world and are now the most important energy source in a
number of places. Where it is available, coal is the least expensive fuel, less than oil
or natural gas.
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Fig. 1 Energy content and carbon, and oxygen contents of the different types of coal. Based on US
DOE data



As in the case of wood, coals can be heated in an air-poor environment to
produce a more valuable product, called coke. Coke can then be burned to produce
more heat per unit weight and volume than the coal from which it was made, also
producing very little smoke. Because of its porosity, relatively high hardness, and
higher energy content, coke is used in so-called “blast furnaces” to reduce iron
oxide to molten iron, an early step in the production of steel.

There is an increasing concern about the toxic contaminants that are originally
contained as minor constituents in coals. Because of the concern about such species
getting into the atmosphere, they are often trapped in equipment that is designed to
reduce air contamination from coal-burning power plants. They also appear in the
coal ash, the noncombustible components in the coal, which are generally stored in
open surface ponds or landfills. About 130 million tons of coal ash are produced per
year in the United States.

Crude 0il

Petroleum, or crude oil, is also a fossil fuel, similar to coal. But it has the advantage
that it is liquid. This makes it much more versatile for a number of applications, and
it is more readily transported using vehicles; ships, trucks, and rail, as well as
pipelines, and it can be easily stored in tanks. For a number of years it has been
less expensive to take crude oil, rather than coal, from the earth, although this
disparity has varied with both location and time. As readily extracted natural
crude oil supplies are consumed, it is necessary to dig ever deeper, with greater
associated costs.

The specific energy of typical crude oil is about 42 kJ ke '. This is higher than
any other fossil fuel. It has become a world, rather than only local, commodity, and
is shipped all over the world. Refineries convert it to a variety of products, such as
heavy fuel oil, diesel fuel, gasoline, kerosene, etc. Subsequently, significant
amounts of these liquid materials are also converted into a variety of solid plastics.

Mankind’s use of petrochemical fuels based on crude oil as energy sources is
actually only quite recent. Table 1 lists a number of the major crude oil discoveries and
their dates. It can be seen that these have all occurred in the last century and a half.
Thus, the “oil age” has been just a recent episode in the history of modern civilization.

The Problem of the Depletion of Fossil Fuels

As mentioned earlier, fossil fuels are not infinitely available, and the sources that
are found become depleted as their contents are removed. It was long thought that
this would not become a problem, for new oil fields would be found to replace those
that became depleted. Contrary to this, M. King Hubbert published predictions of
future oil production in both the United States [1] and the world [2] that indicated



