


Introduction to Fossil Fuels
a. Fundamentals of fossil fuels

b. Applications of fossil fuels (power plants,




INTRODUCTION TO FOSSIL FUELS

FOSSIL FUELS

Generally, energy is defined in science as the capability of matter to perform work. All available energy
forms may be classified as either accumulated (stored) energy or transitional energy. Examples of stored
energy are chemical energy of fossil fuels, internal energy of a substance, potential energy associated with
position of a mass in a force field, such as the gravitational field of the earth or an electrostatic field.
Transitional energy is the energy transferred between a system and its surroundings. In the case of heat-to-

work conversion, heat and work are the transitional forms of energy.




Fossil fuels are the accumulated remains of living organisms that were buried millions of years ago. The term

fossil fuel includes hydrocarbon-containing natural resources that are derived from animal or plant sources.
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Advanteges of fossil fuels

base-load, as opposed to some of the more unreliable
» Abundance

They also happen to be available pretty much anywhere in the world, it is believed there is a 300 year supply
of coal.

» Transportation

» High calorific effect

> By products



Disadvantages of fossil fuels

> \\/e &
> Pollution

» When we burn fossil fuels a lots of chemical by products generate

environment.
» Environmental hazardous
» The mining of coal results in the destruction of wide areas of land. Mining this fossil fuel is also dificul
and may endanger the lives of miners.
» Non-Renewable
> Fossil fuels are non-renewable energy sources. This means that there is a finite amgunt of fossil fuels

available and the reserves are not replenished naturally.
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Staqges of coal formation
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» A nonrenewable €
> Energy in coal comes from the energy stored by plants tha

millions of years ago



Composition of Coal

Table 2.1 Four Basic Ranks of Coal Based on the American
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Coal Formation

HUGE FORESTS GREW AROUND
300 MILLION YEARS AGO
COVERING MOST OF THE EARTH

THE VEGETATION DIES AND
FORMS PEAT

THE PEAT IS COMPRESED BETWEEN
SEDIMENT LAYERS TO FORM LIGNITE

FURTHER COMPRESSION
FORMS BITUMINOUS AND
SUBITTUMINOUS COAL

EVENTUALLY ANTHRACITE FORMS




Resource Base

Coal is the most abundant of the fossil fuels, and around 50 nations have commercially operating mines.

Nevertheless, about 85% of the recoverable reserves of coal in the world can be found in these nine nations: the
United States (22.6%), Russia (14.4%), China (12.6%), Australia (8.9%), India (7.0%), Germany (4.7%), Ukraine
(3.9%), Kazhakstan (3.9%), and South Africa (3.5%).
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—Electricity Generation From Coal ‘
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Basic components of a coal-fired power plant



Conversion of Coal to a Transportation Fuel

» Transportation fuels are generally either liquids or ¢

(short for synthetic gas, which is a mixture of carbon monoxide and hydrogen

produced from coal by heating it under high pressure in the presence of water vapor.

The syngas reaction known as coal gasification is /
Coal +0,, +H,0— H, +CO /



Environmental Impacts of Coal

Table 2.2 Emissions from Power Plants Using Various Fuels in Kilograms/Gigajoule for
Actual Power Plants, as Reported by the European Environmental Agency
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Waterborne pollution and acid rain



Atmospheric CO,

Coal and beomass ~ i

™ "
> —, !
. ol —»

b
1.F
>

s N 2
1P s . o5
N Wyes ) P »
e & P L
A S S =
g . o 0"
. . >
1 4 . A h ~
. <]

-

Carbon Sequestration
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NATURAL GAS




RESOURCE BASE OF OILAND GAS

267 billion bbl

e

110 billion bbi

30 ballion bbl

0

The world’s petroleum reserves are quite unevenly

distributed around the globe. While the nations of the Middle East have

a majority of the proven reserves (56%), as seen in Figure 2.12, there are
also very significant deposits in North America (16%), Africa (9%), South
America (mainly Venezuela, 8%), and Eurasia (7%).

Table 2.3 Percentage of the Proven
Reserves of Natural Gas in the
World, as of 2015

World Gas
Reserves (%)

Russia

Turkmenistan
Saudi Arabia
United States



U.S. production (crude oil + condensate)

Hubbert’s theory of peak oil was made at a time when the
climb up the bell curve in many nations was in its early stages,
well before the peak. moreover, hubbert applied his theory to
the world as a whole for which he predicted a maximum oil
production around the year 2000.
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half of the full width of the Gaussian at half max (FWHM). Note that it can easily be shown that the FW
standard deviation are related by FWHM = 2.35c.



Petroleum and Natural Gas Processing

Petroleum and Petroleum

Main

Line  narural Gas

Large end-user
emissions reported
under relevant subparts
for other industries.

Products Removed LNG Storage
Vented and Norhydrocarbon Gases Compressor
Flared Removed Station

Returned to Field

i
Vented and Flared - Underground
Storage Reservoir

Production & Processing Natural Gas Transmission & Storage Production Transmission Distribution

. Onshore Petroleum & Natural Gas 8. Transmission Compressor Stations 9
Production T
9. Underground Storage Subpart W: Emissions from petroleum & natural

* g{f:jr:;rt?ol::etrohum & Natural Gas 10. Liquified Natural Gas (LNG) Storage gas systems

. Total Crude Oil to Refineries 11. LNG Import-Export Equipment - Subpart Y: Emissions from petroleum refineries

i 12. Natural Gas Transmission Pipeline
- Petroleum Refining Data collection began in RY 201 apel | Subpart MM: CO, associated with supplies of

. Gathering and Boosting roleum products
“Data collection began in RY 2016 Distribution L 2

. Gas Processing Plant 13, Large End Users - Subpart NN: CO, associated with supplies of

*May contain NGL Fractionation equipment
. Natural Gas Liquids (NGL) Supply

14. Natural Gas Distribution natiyal gas & natural ges licuids

15. Natural Gas & Petroleum Supply I ot reported under GHGRP
to Small End Users



Fractional distillationprocess in an oil refinery in the case of straight run refining. Most gasoline today is
by catalytic cracking of large molecules to small molecules and then reforming them into gasoline.



The efficiency of a binary cycle plant can be expressed
in terms of the efficiencies for each cycle as

Work eQ+e(l-g )0
B = =——— =
““" Heat, Q

= El +IE: - -E:-'lﬂz.

Example 5: a binary cycle plant suppose that the first stage of a
binary cycle power plant has an efficiency of 35%. what is the maximum
possible overall efficiency if the second stage operates at a temperature
of 227°c = 500 k and expels heat to the environment at 27°c = 300 K ?



Flagting podection, sionge Seml-submersiis rig Jachuprig Gty barsed hrectone Setumi survey sl
o oMoading vessel

* The environmental
impacts on the air of the
oil and gas industry split
into two types :

Risk of explosions and
fires

Emissions ,,

Emissions had a much
greater impact and had
been the focus of public
and political attention
such as through the
Kyoto Protocol.
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SUMMARY

This chapter considers the three fossil fuels, coal, oil, and gas, and their formation, uses, and

especially their environmental consequences, which can be very detrimental—especially in the case
of coal. It also considers a variety of controversial questions including whether coal, oil, and gas are
really fossil fuels at all, whether there can be such a thing as clean coal, and whether natural gas,
which may be cleaner than coal or oil, can really serve as a bridge fuel while we move toward

renewable energy sources.
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