PRODUCTS OF COMBUSTION
Some of the fuel (hydrocarbon) may not completely burn during combustion and
therefore is released into the atmosphere along with the products. The products that
are formed during combustion of fossil fuels are shown in the image below:

Products formed during combustion of fossil fuels.

Products of Combustion
We will now look at six products of combustion:
1. Carbon Dioxide
2. Carbon Monoxide
3. Sulfur Dioxide
4. Nitrogen Oxides

5. Lead
6. Particulate Matter
Carbon Dioxide (CO2)
Carbon dioxide is the principal product of combustion of fossil fuels since carbon
accounts for 60–90 percent of the mass of fuels that we burn.
China has emerged as the largest single emitter of energy related CO2 emissions,
reaching an all-time high of 8320 million metric tons of carbon dioxide in 2010.
United States emitted about 5610 million metric tons in 2010. The chart below
shows the trend in carbon dioxide emission from 1980. Asia and Oceania,
particularly China ad India emission can be seen to increase significantly in the
past two decades.

Source: US Energy Information Administration: International Energy Statistics

Each of the end sectors (users) and their contribution (percent) to the overall
CO2 emissions is shown in the table below.

Energy-Related CO2 emissions by source and sector for the United States, 2011 (Million
Metric Tons)
Sources

Residential Commercial Industrial Transportation Electric Source
Power Total

Coal

1

5

151

0

1,718

1,874

Natural
Gas

256

171

419

39

411

1,296

Petroleum

78

49

345

1,802

25

2,299

11

11

2,166

5,481

Other
Electricity

827

767

567

4

Sector
Total

1,162

992

1,482

1,845

1= preliminary data
Data was pulled from the US Energy Information Administration
In 2010, 41.9 percent of U.S. fossil-fuel emissions came from the consumption of
petroleum products, and coal usage accounted for 35.4 percent of U.S. fossil-fuel
CO2 emissions. About 22.5 percent of the CO2emissions were as a result of natural
gas use.

Carbon Monoxide (CO)
Carbon monoxide, or CO, is a colorless, odorless gas that is formed when carbon
in fuel is not burned completely. The figure below shows the contribution of
various sources to the emissions of CO:

Carbon Monoxide is a component of motor vehicle exhaust, which contributes
about 55 percent of all CO emissions nationwide. Other non-road engines and
vehicles (such as construction equipment and boats) contribute about 22 percent of
all CO emissions nationwide. Higher levels of CO generally occur in areas with
heavy traffic congestion. In cities, 85 to 95 percent of all CO emissions may come
from motor vehicle exhaust.

Other sources of CO emissions include industrial processes (such as metals
processing and chemical manufacturing), residential wood burning, as well as
natural sources such as forest fires. Woodstoves, gas stoves, cigarette smoke, and
unvented gas and kerosene space heaters are sources of CO indoors.
The highest levels of CO in the outside air typically occur during the colder
months of the year when inversion conditions are more frequent. An inversion is
an atmospheric condition that occurs when the air pollutants are trapped near the
ground beneath a layer of warm air.
Sulfur Dioxide (SO2)
Sulfur dioxide, or SO2, belongs to the family of sulfur oxide gases (SOx). These
gases dissolve easily in water. Sulfur is prevalent in all raw materials, including
crude oil, coal, and ores that contain common metals, such as aluminum, copper,
zinc, lead, and iron.
SOx gases are formed when fuel containing sulfur, such as coal and oil, is burned,
and when gasoline is extracted from oil, or metals are extracted from ore.
SO2 dissolves in water vapor to form acid and interacts with other gases and
particles in the air to form sulfates and other products that can be harmful to people
and their environment.

Nitrogen Oxides (NOx)
Nitrogen oxides, or NOx, are the generic term for a group of highly reactive gases,
all of which contain nitrogen and oxygen in varying amounts. Many of the nitrogen
oxides are colorless and odorless.
Nitrogen oxides form when fuel is burned at high temperatures, as in a combustion
process. The primary sources of NOx are motor vehicles, electric utilities, and other
industrial, commercial, and residential sources that burn fuels as shown in the
figure below.

Smog over Los Angeles

Although many of the nitrogen oxides are colorless and odorless, one common
pollutant, nitrogen dioxide (NO2) along with particles in the air can often be seen
as a reddish-brown layer over many urban areas.

Lead is a metal found naturally in the environment as well as in manufactured products.

Lead (Pb)
The major sources of lead emissions have historically been motor vehicles (such as
cars and trucks) and industrial sources.
Due to the phase out of leaded gasoline, metals processing is the major source of
lead emissions to the air today. The highest levels of lead in air are generally found
near lead smelters (devices that process lead ores). Other stationary sources are
waste incinerators, utilities, and lead-acid battery manufacturers.
Lead is used in the manufacturing of many items including: glass, rubber, paint,
batteries, insecticides, plumbing and protective shielding for X-rays.
Particulate Matter (PM)
Particulate matter (PM) is the general term used to describe a mixture of solid
particles and liquid droplets found in the air. Some particles are large enough to be
seen as dust or dirt. Others are so small they can be detected only with an electron
microscope.
Different sizes of Particles include:


PM 2.5 describes the “fine” particles that are less than or equal to 2.5 µm
(micro meter) in diameter.



“Coarse fraction” particles are greater than 2.5 µm, but less than or equal to
10 µm in diameter.



PM 10 refers to all particles less than or equal to 10 µm in diameter (about
one-seventh the diameter of a human hair). PM can be emitted directly or
formed in the atmosphere.

Different Sources of Particles include:


"Primary" particles are formed from combustion sources and are emitted
directly into the atmosphere. Examples of primary particles are dust from
roads or black carbon (soot).



"Secondary" particles are formed in the atmosphere from primary gaseous
emissions. Examples of secondary particles are sulfates formed from
SO2 emissions from power plants and industrial facilities; nitrates formed
from NOx emissions from power plants, automobiles, and other combustion
sources; and carbon formed from organic gas emissions from automobiles
and industrial facilities.

The chemical composition of PM depends on location, time of year, and
weather. Generally, primary particles make up coarse PM and secondary
particles make up most of fine PM.
Source: https://www.e-education.psu.edu/egee102/node/1951

