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Chapter 7 

  
General Ideas in Air Pollution Control 
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General Options to Control Air Pollution Problems 

I. Improve dispersion 
II. Reduce emissions by process change, pollution 

prevention 
III. Use a downstream pollution control device 
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I)  Improve Dispersion 
 Old motto: Dilution is the solution to pollution. 
 Nature cannot take it any more due to high population 

densities. 
 Nowadays, industry is not allowed to rely on the 

dispersion approach. However, local and regional 
governmental air pollution control agencies are still 
using such approach (e.g. using tall stacks to dilute air 
pollutants) 

 Modern environmental laws: prevent (or at least 
minimize) the emission of harmful effluents rather 
than deal with them by dilution. 
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… Improve Dispersion 
 Since nature has its own removal mechanism, dilution 

or dispersion of pollutants will help nature in this job. 
Therefore, it is still a prudent thing to control air 
pollution by dilution or dispersion.  

 i.e. should only serve as a supplement  for emission 
reduction; but not a substitute  
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Methods of Improving Dispersion 

1. Tall stacks 
2. Intermittent control schemes 
3. Relocate the plant 
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Tall Stacks 
 According to figure 6.9, Raising the point of emission 

lowers the calculated ground-level concentrations for 
all points near the stack, but does not affect the 
concentrations  far away. 

 Figure 7.1 supports the first part of the previous 
paragraph (switching from five 83 to 133 m stacks 
into one 251 tall stack). 

 The concentrations at long distances may increase 
due to increasing stack height (why? Page 162) 
 
 
 

Methods of Improving Dispersion/tall stacks 
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Intermittent Control Schemes 
 The goal is to reduce emissions at certain times. 
►Which times?  →times at which emissions are more 

likely to come to ground in high 
concentrations and in populated areas. 

►How?    1) plant shut down 
   2) fuel switching 
   3) production curtailment 
 
►Three types?  1) predictive 
         2) observational 
       3) combined (predictive – observational) 

 Methods of Improving Dispersion/ intermittent 
control schemes 
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… Intermittent Control Schemes 
a) Predictive 
 Applied when we predict that atmospheric conditions 

will call for such emission reduction. i.e. 
Atmospheric conditions will not help disperse 
pollutants and therefore expecting a violation of air 
quality standards. 

 Typical example:   morning inversion breakup 
fumigation 
→ Necessary to curtail emissions several hours before 

the predicted violations. 
 
 

Methods of Improving Dispersion/ intermittent 
control schemes 
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… Intermittent Control Schemes  (predictive) 
 Case: Lead-Zinc smelter at Trail, Canada 

 Emissions produced by the smelter at night cross the 
boarders of US-Canada and were brought to ground level 
during morning inversion breakup, causing crop damage to 
orchards. 

 International arbitration 
 Decision: adoption of an intermittent control scheme to minimize 

crop damage.  The most stringent controls are from 3am to 3 hours 
after sunrise during the growing season 

 Variables considered: growing and non-growing season, wind 
direction, turbulence intensity, time of day. 

 
 

Methods of Improving Dispersion/ intermittent 
control schemes 



۱۰ 

… Intermittent Control Schemes 
b) Observational 
 Emissions are promptly curtailed when an air quality 

sensor (or network of sensors) indicates that air 
quality is deteriorating unacceptably. 

 Disadvantages:  
 Emissions may not affect the sensor until hours after they 

have been emitted. 
 Numerous sensors are required 
 
 

Methods of Improving Dispersion/ intermittent 
control schemes 
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… Intermittent Control Schemes (observational) 
 Case 1:  
 Mountain communities having large numbers of 

homes heated with wood stoves may have a public 
notice system that works when the PM10 
concentration exceeds some value. When this public 
notice is heard, all wood-burning appliances must be 
shut off. (pure observational case) 

Methods of Improving Dispersion/ intermittent 
control schemes 
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… Intermittent Control Schemes (observational) 
 Case 2: High CO concentrations are observed in 

many U.S. cities in the winter months. 
 Therefore, current U.S. federal regulations require the use 

of oxygenated motor fuels (only during that part of the year 
in which high ambient CO concentrations are expected). to 
reduce the motor vehicle CO emissions. 

 This is a case that started by observation and operated 
later on by prediction. 

Methods of Improving Dispersion/ intermittent 
control schemes 
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… Intermittent Control Schemes 
c) Combined (predictive-observational) 
 The best approach is to adopt a predictive approach 

and use the observational approach as a supplement 
to the predictive approach, which means that the 
observational approach serves as a fail-safe backup 
for the predictive scheme. 

 Case: The international arbitration decision for the 
case of Trail, Canada also included continuous 
monitoring (i.e. observational) of SO2 at an 
agricultural location in the US for curtailment of 
emissions whenever this monitor showed a continued 
high value. 
 
 

Methods of Improving Dispersion/ intermittent 
control schemes 
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Relocate the Plant 
 Locate a new plant so that its emissions will have 

their greatest impact in nonpopulated areas. 
 This is why we have industrial zoning and land-use 

planning regulations. 
 In general, if an area has a severe problem with a 

specific pollutant, a prudent engineer should not  
allow a new source of that pollutant in that area, even 
if control methods are to be installed. The better 
approach is to locate the plant in less problematic 
areas and then install the most stringent currently 
available control methods. 
 
 Methods of Improving Dispersion/ Relocate the 

plant 
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REMEBER 
 
 
Improving dispersion is not allowed as a substitute for 

industrial emission reduction. 
 
 

Methods of Improving Dispersion 
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II)  Reduce Emissions by Process Change, Pollution 
Prevention 

 Modify the process to reduce the emissions. 
 Numerous examples exist 

 Factories using a lot of paint in their products (cars, 
refrigerators, etc) can limit the emission of hydrocarbon 
solvents (paint thinners) by substituting water-based paints 
for oil-based paints to reduce the hydrocarbon emissions. 

 In copper smelting: furnaces producing high-volume, low-
concentration SO2 waste gas can be replaced with furnaces 
producing lower-volume, higher concentration SO2 waste 
gas. The latter is easier and more economical to treat and 
control.  
 

 



۱۷ 

… II)  Reduce Emissions by Process Change, 
Pollution Prevention 

 …Numerous examples exist 
  Switching from open burning of municipal or industrial 

waste to burning in closed incinerators.  Benefits are: much 
less emissions, better fuel-air mixing, fuel predrying, and 
heat conservation. 

 Switching from mercury-cell chlorine-caustic plants to 
diaphragm-cell plants due to the toxicity of mercury. 

 Banning uses of asbestos due to its toxicity. 
 Replacing coal with natural gas as a home and business 

heating fuel (example of switching fuels) 
 Switching vehicles from gasoline to compressed natural gas, 

propane, or ethanol. 
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… II)  Reduce Emissions by Process Change, 
Pollution Prevention 

 …Numerous examples exist 
 Adding oxygenated compounds to motor fuels to lower the 

CO emissions. 
 The use of low-sulfur fuels to reduce sulfur dioxide 

emissions. 
 Car pooling, riding buses, riding bicycles, and walking to 

work are all forms of process change. 
 Replacing low-efficiency incandescent lights with higher-

efficiency fluorescent lights is also a process change (why?) 
 



۱۹ 

REMEBER 

Any process change in any industry that reduces the 
consumption of fuels or other raw materials 

reduces air pollutant emissions. 
Why?  Because the production, distribution, and use of raw 

materials are all processes that produce air pollutant 
emissions. 
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III)  Use a Downstream Pollution Control Device 
 A downstream pollution control device is a device that 

accepts a contaminated gas stream and treats it to remove 
or destroy enough of the contaminant to make the stream 
acceptable for discharge into the ambient air. 

 Before adopting a control device, a prudent engineer 
should check the first two options (improve dispersion 
and reduce emissions) since they are usually more 
practical and economical. 

 The three options can be used at the same time if we 
believe that no individual option can do the job (i.e. you 
can use a tall stack, adopt process change to concentrate 
the waste gas, and install a downstream control device.) 
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Resource Recovery 
 If the pollutant is a valuable material or a fuel, it may be 

more economical to collect and use it than to discard it. 
 The higher the concentration in the waste stream, the 

better it is for the reclamation process. This is another 
benefit of adopting a process change to decrease a waste 
gas flow rate and increase its concentration. 
 Example 1: the production of sulfuric acid (H2SO4) from 

SO2 gas waste stream. For the process to be economically 
feasible, the SO2 concentration in the waste stream needs to 
be more than 4%. (smelters extracting metals from sulfide 
ores vs. coal-fired electric power plants, page 167) 

 Example 2: catalytic cracker regenerator off-gas and blast-
furnace gas contain enough CO to make them valuable 
fuels. 

 
 

Resource Recovery 
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… Resource Recovery 
 In order to maximize the benefits from recourse recovery, 

always prevent the mixing of concentrated streams with 
dilute ones. 
 
 

Resource Recovery 
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The Ultimate Fate of Pollutants 
 The engineer should always think about the ultimate 

disposal of any wastes produced. 
 Hierarchy in dealing with wastes (in general) 

1. Prevent the formation of pollutants (or at least minimize) 
2. Reuse and recycle 
3. Transform the pollutant to another form (e.g. burning) 
4. Landfilling 

 In most cases, we cannot avoid not having pollutants. 
When we can destroy pollutants by burning, we burn 
them (e.g. most organic compounds).  If pollutants 
cannot be burned, their ultimate fate will be the 
landfill (e.g. most particulate pollutants). 
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… The Ultimate Fate of Pollutants 
 Never mix a hazardous waste with a nonhazardous 

waste since such action will make them both 
hazardous.. 

 Air pollution control processes producing a solid 
waste should be avoided as much as you can, 
particularly when the waste produced is hazardous.  
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Designing Air Pollution Control Systems & 
Equipment 

 A typical pollution control system (fig. 7.2) consists of: 
1. Capture device 
2. Control device 
3. Gas mover (fan or blower) 
4. Recycling and/or disposal component 
5. Stack 

 Detailed design procedures are trade secrets. 
 For small installations, it is preferred to use standard 

designs from suppliers. The fan and the control device are 
usually standard units provided by suppliers. 

 For large installations, the control device would be custom-
designed (but assembled from standard units) 
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Designing Air Pollution Control Systems & 
Equipment 

 You should know the following specifications before 
deciding to buy a control equipment: 
 Gas flow rate. 
 The concentration & chemical nature of the pollutants in the 

gas. 
 The required control efficiency. 
 The disposal method for the collected pollutant.  

 The design methods in our text book are much simpler than 
what the industry uses. Therefore, these design methods 
serve only to check for gross errors, but not for precise 
design values. 
 



۲۷ 

Fluid Velocities in Air Pollution Control 
Equipment 

 In most cases, the flow of air or gases is turbulent. 
 For example: the velocity of most air conditioning and other 

gas-flow ducts is about 12 to 18 m/s (40 to 60 ft/s) 
 Economic velocity : the velocity that minimizes the sum of 

pumping costs and the capital cost for the equipment. 
 Larger ducts lead to lower pumping costs, but high capital cost 
 Smaller ducts lead to higher pumping costs, but lower capital cost 

 Under special circumstances, the velocities might be 
substantially different from 12 to 18 m/s.  Examples of such 
circumstances are listed in page 171 in your textbook. 



۲۸ 

Example 7.2 

Air at 68oF is flowing at 40 ft/s in a 2-ft diameter pipe. 
Estimate the Reynolds number and decide whether this flow 
is turbulent or not? 

 
 
 
 
Which is about 100 times the Reynolds number at the end of 

the transition region. 
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Minimizing Volumetric Flow Rate & Pressure Drop 

 



۳۰ 

Efficiency, Penetration, Nines 
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Homogeneous & Nonhomogeneous Pollutants 

 
 
 
 
 
 
 

 It is easy to use efficiency and penetration for homogeneous  
pollutants.  

 For nonhomogeneous pollutants, the issue is not 
straightforward  

Pollutants 

Homogeneous 
e.g. SO2 and 
CO 
 

Nonhomogeneous 
e.g. particles and 
hydrocarbons 



۳۲ 

Example 7.5 

Waste stream has the following size distribution: 
 particles of large size = 33.3% 
 particles of medium size = 33.3% 
 particles of small size = 33.3% 
Collector is  99% efficient on large particles 
   75% efficient on medium particles 
   30% efficient on small particles 
 
 
 
 



۳۳ 

Example 7.6 

If another identical collector is added down stream of the first 
one, compute: 

 a) the overall collection efficiency 
 b) the efficiency of the second collector 
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Basing Calculations on Inert Flow Rates 
 When passing a pollutant through a control device, part of 

the stream will be removed by the control device. 
Therefore, we will have a removed part and the nonremoved 
part (inert part). 

 The control device removes the contaminated part. 
 If the concentration of that contaminant is small, then we 

can say that this removal causes a small change in the 
stream flow rate. This small change in the flow rate is 
negligible. This is the case in most air pollution control 
applications 

 If the pollutant concentration is high, we cannot neglect the 
change in the flow rate. 
 E.g. SO2 concentration from some smelters may reach 40% 

 
 



۳٥ 

…Basing Calculations on Inert Flow Rates 
 
 
 



۳٦ 

…Basing Calculations on Inert Flow Rates 
 In such cases of high pollutant concentration, you may 

choose to base your calculations on the nonremoved (inert) 
part of the stream since its flow rate does not change as the 
gas passes through the control device. 



۳۷ 

Combustion 
 Important in air pollution control since most of the air 

pollutants are produced in combustion processes 
 E.g. transportation, fuel combustion, Incineration, forest fires, etc. 

 Therefore, at least a rudimentary understanding of 
combustion is needed. 
 
 



۳۸ 

What burns? 
 99% of the combustion in the world is some form of 

conversion of carbon & hydrogen to carbon dioxide & 
water. 

 
 
 Combustion means reaction with oxygen, which normally 

comes from the air (in a few cases pure oxygen is provided) 
 

 Other combustion examples include NH3, sulfur, 
phosphorous, metals like magnesium 
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Heat of Combustion 
 Combustion means that fuel reacts with an oxidizer (usually 

oxygen from the air, or in a few cases pure oxygen) 
 If the products are cooled down to the starting point, then 

the energy removed is called the heat of combustion.  
 For common hydrocarbon fuels, the heating value is 

roughly 19,000 Btu/lb  (table 7.1) 
 Table 7.1 lists heat of combustion values for many common 

fuels. 
 
 
 



٤۰ 

Explosive or Combustible Limits 
 

 
 

 1st case: Not enough air (Mixture is too rich) 
 2nd case: Not enough CH4 (Mixture is too lean) 

 
 Conclusion: There is a range in which the mixture is 

combustible (combustible or explosive limits) 
 Lower Explosive Limit (LEL), also called Lean Limit 
 Upper Explosive limits (UEL), also called Rich Limit 

burnnot   willMixture air  99% with CH 1%

burnnot   willMixture air  1% with CH 99%
spark

4

spark
4

→

→
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Example 7.7 
For the combustion of methane in air, find:  
a) the stoichiometric mixture,  
b) The lean limit (LEL), and the rich limit (UEL) 
c) At the stoichiometric mixture, compute the weight percent 

of CH4     
d) The air/fuel ratio (A/F ratio) 
 
a) Using table 7.1 
→For CH4 & air mixture, the stoichiometric mixture contains 

about 9.5 volume % CH4  
 
 
 
 



٤۲ 

… example 7.7 
b) The range of combustible mixtures for methane & air is: 
 LEL = (9.5%)(0.46) = 4.36 volume % 
 UEL = (9.5%)(1.64) = 15.55 volume % 

This simply means that for concentrations below the 4.36%, the 
mixture is too lean to burn, while for concentrations above 
15.55%, the mixture is too rich to burn. 

c) The weight percent of methane (at the stoichiometric 
mixture) 

 
 
 
 
 
  
 

( )( )
( )( ) ( )( )

% wt 5.5  0.055                              
29905.0160.095

160.095  CH of %Weight 

Air of Moles  CH of Moles
CH of Moles also is which 

V V
V

 ratio  theis 9.5%

4

4

4

airCH

CH

4

4

==

+
==

++

∑ ii

ii

My
My



٤۳ 

… example 7.7 
d) A/F ratio? 
 Assuming we have one mole of fuel-air mixture, 
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Notes on example 7.7 
 The majority of gas compositions in combustion 

calculations are stated as volume % (which is the same as 
mole %) 

 In a few cases, the weight % is used. 
 A/F ratio is mostly used in automotive engines 
 If the methane mole fraction is less than stoichiometric, all 

the methane burns, and the temperature rise is dependent on 
the amount of methane present (fig. 7.4) 

 If the methane mole fraction is more than stoichiometric, all 
the available oxygen is used, and the temperature rise 
depends on the amount of oxygen present (fig. 7.4) 
 
 
 



٤٥ 

Mixing in Combustion Reactions 
 Good mixing between fuel and oxidizer (normally oxygen 

from the air) is required to produce better combustion and 
therefore complete usage of the fuel. 

 Poor mixing leads to incomplete usage of the fuel and hence 
the emission of unburned fuels (CO and H2) 

 Try to get as good mixing as possible to minimize the 
amount of CO and H2 in the exhaust gas and therefore 
minimize the pollution caused by these unburned gases. 

 For poor mixing, excess air would be required to complete 
the combustion; i.e. increase the air-fuel ratio (Fig. 7.5) 
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The Volume & Composition of Combustion Products 
Goals: 1) Determine the volumetric flow rate 

2) Determine the composition of gases produced by 
combustion 

 
 Take for example: the hydrocarbons: 

 
 
 

 If the fuel fed to the combustor is 1 mol, and assuming 
complete combustion, then the outlet gas would contain the 
following: 
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Example 7.9 
:  
 
 
 
 



٤۸ 

Acid Dew Point 
 Moisture may exist in the flow stream 
 If cooled down enough, it condenses into liquid 
 The condensed liquid may lead to clogging in the control 

devices. 
 If gas contains acidic components (such as SO2), the water 

may dissolve such acidic compounds out of the gas stream, 
thus forming acidic liquids. 
 ►►corrosion of parts of the control equipment 

 Therefore, we need to prevent the condensation of moisture. 
 



٤۹ 

…Acid Dew Point 
When would such condensation occur? 
 The moisture will begin to condense at a temperature called 

the “dew point” 
 Dew Point:  the temperature at which the ratio of the vapour 

pressure of water to the atmospheric pressure is equal to the 
mol fraction of water in the gas. 

water
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Example 7.13 
:  
 
 
 
 



٥۱ 

Example 7.14 
:  
 
 
 
 



٥۲ 

How to protect a control device against acid dew 
point corrosion? (page 199) 
:  
 
 
 
 



٥۳ 

Acid dew point in sampling stack gases (page 199) 

:  
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