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2. Fossil Fuel: Benefitsand its Risk

2.1 Fossil Fuel

Petroleum, natural gas, and coal are the main sources of
energy for modern use. All of these fuels are classified as
fossil fuels. The reason they are called fossil fuelsis because
they are all made from decayed plants and animals that have
been preserved in the earth's crust by pressure, bacteria and
heat. It takes millions of years for these organisms to
chemically change into fossil fuels. Liquid fossil fuels, like
petroleum, are found in areas that geologists believe were
once covered by oceans. These fuels were formed when
dead plants and animal s sank to the bottom of the ocean and
were covered by sediments. Over long periods of time
(millions of years), pressure, bacteria, and heat changed the
sediments into sedimentary rocks and the plant and animal
remains into oil. Eventually underground pools of oil moved
into the pores and cracks of these rocks. Specificaly, oil
pools are usualy found in sandstone or shale which are
types of sedimentary rocks.

Fossil Fuel aredivided into gasfuel, liquid fuel, and solid
fuel.

2.1.1 GasFue

Gas fuel is composed of coal gas group, oil/petroleum gas
group and natural gas.

Natural gas is found with petroleum and sometimes with
coal. Since it is less densg, it is more often found on top of
oil pools. The main ingredients of a natural gas is methane
(CH4), it also contains ethane(C2H6) and propane (C3H8).
Coal gas is obtained from dry distilled, high temperature
coa. High temperature solid fuel when pass to a steam
produces water gas. Producer gas is obtained from
incomplete combustion of coal and cork. Blast furnace gasis
byproduct of smelting furnace or blast furnace, in oil
analysis gas is transformed into oil gas. Calorific value and
specific gravity are examples of gas characteristics, its
components are composed of hydrocarbon, hydrogen,
carbon monoxide and nitrogen their mixtures varies
comparatively, usually not more than 5,000 kcal/Nm3 of
calorie gas.

Table 5: Approximate gas fuel composition

CO HZ CH. CHs C:Hs CHy | CH: CH:CH; | C0,0; N,
[Coal gas
group]
Coal gas 7 54 29 1 0 3 1 2 1 5
Water gas 39.750.8 0.8 4.7 4.7
Producer gas 27 10 0 0 0 0 0 5 0 56
Blast furnace 27 2 0 0 0 0 0 1T 0 60
gas
[Oil /Petroleum
gas group]
Pyrolysis 7 20 282 0 2T 12 3 16
Contact 15 48 6 0 g 1 3 0 1
decomposition
m& 16.740.4 132 CnHm=8.3 77 06161
performing
Naphtha 3 63 13 0 0 0 0 2T 0 0
performing gas

CO Hz CH, CH; CH; C.Hy [ CH, C;H:C.Hg C0, 0, N
[Natural gas
group]
Dry gas 94.6 32 0119
Wet gas 8 6 4 2
[Oil
liquefaction
gas]
Butane 17983
Propane 05 082 09

2.1.2Liquid Fue

Natural gas can be made into three forms. One kind is the
low-pressure form you use to cook or heat your home. It
comes from the underground pipe from the gas company.
Another form is compressed natural gas (CNG). Thisformis
compressed into high-pressure fuel cylinders to power a car
or truck. It comes from special CNG fuel stations. The third
form is liquefied natural gas (LNG). LNG is made by
refrigerating natural gas to condense it into a liquid. The
liquid form is much more dense than natural gas or CNG. It
has much more energy for the amount of spaceit takes up..

Liquefied natural gas is made by refrigerating natural gas to
minus 260 degrees Fahrenheit (260 degrees below zero!) to
condense it into a liquid. This is called liquefaction. The
liquefaction process removes most of the water vapor,
butane, propane, and other trace gases, that are usually
included in ordinary natural gas. The resulting LNG is
usually more than 98 percent pure methane.

Another form of liquid fuel is the liquefied petroleum gas
(LPG). LPG is made of a mixture of propane and other
similar types of hydrocarbon gases. Different batches of
LPG have slightly different amounts of the different kinds of
hydrocarbon molecules. These hydrocarbons are gases at
room temperature, but turn to liquid when they are
compressed. LPG is stored in special tanks that keep it under
pressure, so it stays a liquid. The pressure of these tanksis
usually about 200 pounds per square inch (abbreviated
"psi*).

2.1.3 solid fuel

Coal isasolid fossil fuel that occursin four basic types: peat,
lignite, bituminous, and anthracite. Peat is the raw material
from which coal is made. It is not much more than
compressed plant remains. It is used in various areas of the
world, especially in the British Isles where it is cut into
cubes and dried to be burned in stoves. Lignite is the next
step in coal formation. It is lowgrade coa and occasionally
has remains of unconverted plant material. Bituminous coal
is a higher grade coal, containing no unconverted plant
remains. It burns cleaner than lignite. Anthracite is
metamorphic coal and is the highest grade of coal. It burns
the cleanest and gives off the most heat.
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Figure 3: Sources of Coal and Natural gas
2.2 Uses of Fossil fuel:

Another type of fossil fuel is natural gas. It is found with
petroleum and sometimes with coal. Since it is less densg, it
is most often found on top of oil pools. Natural gas is
valuable because it burns cleanly, releases energy, and can
be easily transported in underground pipelines. We use
natural gas in many ways including heating our homes and
cooking our food.

Fossil fuels like coal, oil and gas are non- renewabl e sources
of energy. This means that once they have been used up
there will be no more. Fossil fuels are used as the major
source of energy which allows us to live on the earth in the
way we do today. We use fossil fuels in many ways
including heating our homes and cooking our food.
Airplanes and cars al burn fossil fuels to enable them to
move. Most manufacturing industries rely on fossil fuels to
make products. Many people forget that most of the
electricity in the world is generated using a fossil fuel as the
energy source. A power station is simply a giant transducer
which turns the chemica energy of the fossil fuel into
electrical energy.

Figure 4: By product of fossil fuel

In a power station the useful energy is electricity. Much of
the energy from the fossil fuel is wasted as heat lost to the

environment - this is called thermal pollution. Waste gases
from the power station pollute the environment and they
cause problems with acid rain. Electricity may be a "clean"
fuel but the process of converting the energy from fossil
fuelsinto electrical energy certainly is not.

Fossil fuel are commonly used in industries and power
generation. Fossil fuel are abundant and cheaper to produce
than alternative fuel such as solar, wind power and nuclear
power.

2.3 Environmental Impact of the by product of fossil
fuel.

Evolutionary Stages of Coal Development

Coal comes in several developmental stages, peat, lignite,
bituminous and anthracite forms of coal. Thefirst two stages
are very inefficient producing a small amount of energy per
mass of fuel. Lignite can be gasified to natural gas which is
a particularly clean burning fuel in itself. Lignite has also
been liquefied to produce liquid petroleum fractions.
Bituminous (soft coal) and Anthracite (hard coal) are the
stages of coal most often mined, processed , and used as
fuel.

Coal that has sulfur impurities will cause the silfur to
undergo combustion:

S+ 0, ---->50;
and
2S + 302 ----> S0O3

Now the presence of Sulfur Dioxide and Sulfur Trioxide in
the air can have a debilitating effect on old and young alike.
The dense sulfur oxide gases are difficult to expel from the
lungs once they have entered. This can cause various lung
related diseases such as emphysema. Sulfur oxide alerts are
common in regions where coal burning plants exist for the
production of electrical energy.

But the problem gets more complicated when it rains. The
rain water mixes and dissolves the SO, and SO; to form
acids like Sulfurous acid which is not particularly a problem
since this acid is unstable and decomposes back into water
and SO, but the Sulfuric acid, H,SO,, is a strong acid and
quite destructive. This is referred to as acid rain the acid
mixture that results when rain water leaches the gases from
the atmosphere aids in cleaning the air of the sulfur oxides,
but it transforms this danger to the ground water on earth.
The acidity measured by pH increases (pH decreases). This
results in an imbalance in the ecological balance in aquatic
life. Certain plant and animal forms that live in the water
cannot function in a too acidic environment. In addition,
carbonaceous materials (materials that contain the carbonate



ion) like marble, CaCQO;s, will react with the "acid rain" to
produce carbonic acid, H,CO3, which is another one of

those unstable acids and decomposes into water and Carbon
Dioxide, CO,.

Then there are the gases that are produced by the
conmbustion of the coal itself. The Carbon will react with
Oxygen to produce one of two gases depending upon the
amount of Oxygen present at the time:

C + 02 ----> CO2(Q)
and
C+ 120, —> CO(g)

The CO; is the mgjor product of combustion and is of itself
not particularly harmful. In fact, CO, is a necessary
ingredient when it comes to the photosynthetic process that
al plant life engage in during "enlightened" periods.
Without CO, then food could not be produced and life
would cease to exidt, at least, as we know it. The problem
comes when the balance between CO, and O, is not
favorable to life. When there is too much CO, there is a
possibility of the so called “greenhouse effect”. This effect
maintains that if the CO, levels on the earth are allowed to
increase above what is necessary for balance, the extra CO,
will form a blanket around the earth and prevent infra-red
radiation from escaping the earth's surface in order to cool
off the earth after having absorbed the suns rays. This has an
effect of global warming which has been observed recently
to be accelerating.

2.3.1 Carbon Monoxide

CO, isan insidious toxic gas. Its toxicity lies in the fact that
CO can bind to hemoglobin in the blood thus depriving life
giving Oxygen of its vehicle to reach the cells. It aso
deprives waste gas, CO,, of the hemoglobin so that
evacuation of waste gases is not possible. Just 50 parts per
million of CO in the air can cause dizziness, nausea, and
irritability. A thousand parts per million can result in loss of
consciousness. 10,000 parts per million can result in death
within 10 minutes. We experience mild forms of CO toxicity
when we are trapped in a traffic jam in the cities. The CO
coming from exhausts can give one headaches and make one
irritable.

2.3.2 SOx and NOx

The SOx come from the burning of sulfur containing coal as
well as smelting processes (conversion of raw metal ores,
mostly sulfides, into pure metals). S combines with O,
during the burning of coal to produce SO, SO, and SOs.
These reactions are catalyzed by the presence of fine
particul ate matter - which is also produced by the burning of
coal, soot. Sulfuric acid is then produced when the SOs

dissolves in water, a process which is sped up in the
presence of ozone, hydrogen peroxide and OH® (these things
come from ozone and water in the presence of sunlight).

The NOx come mostly from the combustion of gasoline and
diesel fuels in auto engines. In the high pressure and high
temperature environment of the auto engine, the
hydrocarbons of the fuel are compressed and combusted
with oxygen to produce a mixture of carbon dioxide and
carbon monoxide. The air that is taken in, as a source of
oxygen, also contains nitrogen (air is 78% nitrogen) - which
is also combusted in the engine, producing NO and NO..
The nitrogen oxides (a brown gas with a bad smell combine
with water in the atmosphere (specifically with OH®) to
form nitric acid.

SOx and NOx are produced by humans in roughly equal
amounts. While the developed nations have been steadily
decreasing their emissions of these gasses, while continuing
to grow industrialy; the developing nations have greatly
increased their emissions. Pollution reduction technology
costs money while building high smoke stacks is relatively
cheap. Use of low-sulfur fuels has local, regional and
national impact on economy - especially when jobs and
shipping costs are factored in.

2.3.3 Particulates

Particulates are microscopic air-born solid matter. They
include natural material such as sea salt and volcanic ash.
However, a substantial amount is generated from man-made
sources such as industrial processes, power plants, the
combustion of fuels and movements of road traffic.

Lead gasoline additive, nonferrous smelters, and battery
plants are the most significant contributors to atmospheric
lead (Pb) emissions.

The chemical and physical composition of particulates
varies widely. Most of the smallest particles result form
burning fossil fuels. These small particles can remain aloft
for days, even weeks, and can travel thousands of
kilometers.

Particulates pose a mgjor hazard for human health. The
adverse effects have been traced mainly to small particles
with an aerodynamic diameter of 10 microns or less, which
can reach deep into the lungs. Smaller particles can go even
deeper into the ungs, where those that are still tinier can
enter the blood stream. These particles can disturb the lungs
physically and chemically. They can directly irritate the
lungs, and they can carry toxic heavy metals and other
pollutants

2.4 Dealing with global environmental issues

There is currently considerable worldwide interest and



concern in environmental issues such as global warming,
acid rain, desertification, and the destruction of the ozone
layer. It is essential that we seek a correct understanding of
these problems and act in a concerted effort, both as
individuals and as members of society.

Environmental problems are closely linked to the way we
utilize energy for economic activities and in our daily lives.
Energy demand tends to increase yearly in proportion to
economic and social development, and as contemporary
information-oriented society develops toward a higher level
of sophistication and our lifestyles become increasingly
centered on amenities, the demand for electricity can be
expected to rise further.

CO, emissions are the principal cause for global warming
and are amajor problem for the electric power industry.
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Figure 5: Japan’s power plant CO, emissions
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Figure 6: International comparison of CO, emissions

A comprehensive approach is required in order to control
CO, emission levels. Steps to cut CO, emissions are based
on two-pronged control on the supply and demand sides.

The Electric power industry seeks to achieve a
well-balanced combination of energy sources through the

Tg-CoRAnl

appropriate inclusion of nuclear power and LNG power
generation systems. At the same time, efforts are being made
to upgrade thermal efficiency in power plants and reduce
energy lossin power transmission and distribution systems.
The electric power industry considers the CO, issueto be a
paramount importance, and accordingly aims to achieve the
following objectivesin its future activities:

a. Increased use of non-fossil energies

b. Increased efficiency of facilities

c. Energy conservation

d. Load-leveling
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Figure 7: CO, Control measures
2.4. 1 Reduction of SOx and NOx emissions

From the mid-1970s, through progress made in improving
fossil-fuel quality and power generating facilities, the
volume of sulphur oxide and nitrogen oxide emission per

unit of electricity generated by thermal power in Japan has
been reduced drastically. The industry actively promotes a
“Keep the Air Clean” policy with regard to fuel, equipment
and operating procedures. Emission of air pollutants such as
sulphur oxide, nitrogen oxide and particulates are reduced
through an appropriate combination of these three elements.
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Figure 8: International SOx and NOx emissions

Continuous reduction of SOx, NOx and particulate
emissions is being achieved through the use of high-quality



fuels such as heavy/crude oil and coal grates with low
sulphur and nitrogen and LNG that contains no sulphur or
particul ates.

Sulphur oxide can be removed through the installation of
desulfurization facility using the wet-type lime gypsum
process. The limestone is powdered and mixed with water.
When this is blown as a mist into the flue gas, the sulphur
oxides within the exhaust gas react with the lime to form
calcium sulfite. This is combined with oxygen, reacting to
form gypsum.

Configuration of Desulfurization Facility
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Figure 9: Desulfurization Facility

Nitrogen oxide can be controlled and reduced through
improved combustion methods and the use of flue gas
denitrification facilities.
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Figure 10: Improved combustion method
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When ammonia is added to the flue gas, which includes
NOx, and passed through the catalytic layer, the catalyst
causes the NOx to separate into nitrogen and water.

Techniques used in controlling generation of Nitrogen
Oxides:

- Mixing of exhaust gaswith air

- Two stage combustion

- Low-NOx burner

2.4.2 Particulates

In order to reduce particulates, which include unburned
carbon in heavy/crude oil combustion and fly ash in coal
combustion, power producers in Japan have installed
high-efficiency electrostatic precipitators which remove over
80% of particulatesin almost all heavy/crude oil combustion
and over 99% of particulatesin coal combustion.

The electrostatic precipitator uses a voltage differential
between two electrodes to extract and collect particulates.

Configuration of Electrostatic Precipitaor

“

Clean Gas

Collected
Particulates:

Collecting
Electrode

Discharoe Electrode

Figure 12: Electrostatic Precipitator

Polluted air respects no boundaries. Air pollution can make
you sick, give you an itchy, irritated throat, or cause trouble
with you breathing. The chemicals in polluted air can cause
cancer, brain and nerve damage, birth defects, etc. Air
pollution harms not only human but also environment.

There are a lot of counter measures to prevent the air
pollution, there’s the “ Clean air act” that established ambient
air quality standards for pollutants such as sulfur dioxide,
particulates and ozone.

Environmental Protection Agency promulgated new annual
and 24-hour standards for particulate matter using a new
indicator, PM -10, that includes only those particles with an
aerodynamic diameter smaller than 10 micrometers
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DH
Holland equation
V., € , aq.-T,0 U
DH=—2°g5+268 10'2P§u32r5g
8 Ts 5@
V, :stack exit velocity (m/s)
P :atmospheric pressure (kPa)
r,:stack tip radius (m)
T, :stack temperature (K)
U :wind speed (m/s)
T, -air temperature (K)
Briggs equation
For x < X
2
1.6F%‘xé
DH=——
U
T, -T
F — gvsrs2 ( S a)
S
j2.16F “4H2® Hs <305m
X =
" 6404 Hs > 305m

X; :downwind distance to final plume (m)

U :wind speed at stack tip (m/s)

F :buoyancy flux parameter

For x > X
16F%x%§ X ey ¢ Ue x 0
DH = 04+064— +2.26— K1+0.8
u e X¢ &Xt 5 X¢
e

For fossil fuel power with heat emission

> 20MW

[Py v
.:.1.6F X4 X< 10H,

DH=; U 1)
116F % 10H )% x>10H,
e wh -

i U

For ‘stable’condition (E-F)

(19)

(18)

16

DH =248~ 22
s (22)
s=3 =8, go1°c/m?
T, é&Dz p
dy,d, x 2
19 20
3.4.2
3.3.3
Cig DH
8
X dy dz C18 C20 CZl
(km) [ (m) [ (m) | (ppm) | (ppm) [ (ppm)
1 75 33 | 6.44x 9.91x 3.56x
10 30 10 55 10° 39
10 | 580 | 150 | 0.0170 | 1.61x 4.81x
10°° 10°©
100 | 3800 | 450 | 0.0176 | 0.00183 | 0.00712

Pt X ] 1
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20 0 DH

C,, 10km 100km
DH

3.5

Detector Receptor

3.6

NOx CO2

Receptor

=ADD" & (23)
ADD
SF
(24)
=C  CR" EF/BW’” ED/AT
C [mg/L ]
CR
[L/day,mg/day]
EF [days/year]
ED [years]
BW [ka]
AT [days] 70[years]” 365[days/ year]
10u g/L
2 350 30
70kg 70
CDI 24



CDI =0.01mg /L] 2[L/day]” 350[days/ years]” 30 years]| 12 ENVIRONMENTAL ENGINEERING; Gerard

/(70[kg]” 70[years]” 365[days/ year] Kiely, = MCGRAW-HILL  INTERNATIONAL
=1.2" 10" 4[mg/ kg>day] EDITIONS
23

=CDI " &

=1.2"107%"11°10°2

=1.3710°°

100 1

1
2
3
4 WEB
5
5
6
7
8
9
10
11
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