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6.
Methods and Techniques (M&T) for Pollution Abatement 

6.1
M&T of Air Pollution Abatement

Emissions can be decreased through the following:

6.1.1
Boiler Tune-Up

Effective fuel combustion means greater plant output and considerable cost savings. Variations in fuel quality and equipment performance mean constant adjustment to the combustion process to maintain peak performance. CO monitoring is essential for combustion efficiency. An increase in excess air results in heat loss via the stack, while a decrease results in incomplete combustion. CO levels in the flue gas give an accurate indication when incomplete combustion begins. Therefore, CO measurement along with O2 measurement offer information to the plant operator on optimal air feed requirements. 

Incorrect fuel-air ratio can result in flame out conditions and excess loss of ignition source. These conditions pose a major threat of plant explosion. Proper monitoring gives an early indication of incomplete combustion so that potential problems can be recognized.

6.1.2
Using Low NOx  Burners

The low-NOx and staged burners are new advances in the burner-design. With this type of burner, mixing between fuel and air is improved. The formation of prompt, thermal, and fuel nitrogen oxides are, therefore, less concentrated in the flue gases.

6.1.3 Fuel Substitution

If available, natural gas can substitute the liquid fuels used in firing. Natural gas uses less excess air and, therefore, improves boiler efficiency. Moreover, the propability of CO being produced is significant less. Nox formation is also found to be less when using natural gas as substitute fuel. On the other hand, natural gas firing with excess air in the range of 10% or fuel gases with an O2 concentration of 2-3% prevents almost any formation of soot and particulates in the stack.

6.1.4 Reduction of SOx Emissions
The range of options and removal efficiencies for SOx controls is wide. Pre-ESP sorbent injections can remove 30-70% of sulfur oxides. Post-ESP sorbent injections can remove 70-90% of sulfur oxides at almost double the cost. Wet scrubbing can also be performed but this will cause a switch from one form of pollution to another, unless an integrated pollution management approach is adopted.

6.1.5 Reduction of Particulate Emissions
The options for removing particulates from exhaust gases are cyclones, baghouses (fabric filters) and Electrostatic precipitators (ESP) on stack outlet or bag filters. Cyclones may be adequate as precleaning devices: they have a removal efficiency of less than 90% for all PM and considerably lower for PM10. Baghouses can achieve removal efficiencies of 99.9% for PMs of all sizes. ESPs are available in a broad range of sizes and can achieve removal efficiencies of 99.9% or better for PM of all sizes.

6.2
M&T of Water Pollution Abatement

6.2.1
Substitution of Hazardous Materials

In the process of water treatment, the use of hydrazine to condition the feed water, is presently being replaced by pro-environmental substitutes. However, in addition to hydrazine there are other hazardous materials also used to deoxidize water. These include amines and sodium sulfite. Traces of these substances will contaminate the produced steam and could pollute the product whenever live steam is used in the production process.

6.3
Cleaner Production
Cleaner production can be achieved using a number of measures:

6.3.1
Operation and Maintenance Procedures for Heating and Small Boilers

Operation personnel must be familiar with certain fundamentals procedures that have been commonly posted, especially in manually operated systems. Moreover, the need to train power plant boiler operators has been augmented by the use of diagnostic equipment. This development has been motivated by retrofitting and stricter environmental regulations. The following are regulations for heating and small steam boilers:

· Water level maintenance and checking should be done at least once per shift. 

· Low water should be checked and appropriate action taken by the operator to minimize damage.

· Low water cutoff testing to make sure boiler is functional should be performed once per shift. This includes blowing down the float cham​ber or the housing, in which the sensor is located, to avoid obstruction with internal deposits.

· Gauge cocks must be kept clean and dry. They should be tested once per shift in order to make sure that all connections to the wa​ter glass and water column are clear, and to determine, the true level in the gauge glass.

· Safety valves should be tested at least once per week by raising the valve off the seat slowly. If the valve does not lift, it is an indica​tion that rust or boiler compound is binding the valve and correc​tions or repairs are needed. The boiler should be secured and not operated with a defective safety valve.

· Burners should be kept clean and free of leaks with the flame ad​justed so that it does not impinge sidewalls, shells, or tubes. Flame safeguards should be checked every shift in order to make sure that they are functional and thus prevent a furnace explosion.

· Boiler internals must be kept free of scale, mud, or oily deposits in order to prevent overheating bagged and buckled sheets, and the occurrence of a serious rupture or explosion.

· The outside of the boiler should be kept clean and dry. Soot or unburned products should not be allowed to accumulate, as these will cause controls and actuators to bind and malfunction. They will also cause different parts of the boiler to corrode.

· Leaks are a sign of distress in the boiler system and should be re​paired immediately because of the possible danger involved; moreover they will accelerate corrosion and grooving of system components and result in forced shutdowns.

· When taking a boiler out of service, do not accelerate the process by blowing off the boiler under pressure in order to prevent the heat of the boiler from baking mud and scale on the internal surfaces. Let the boiler cool slowly, then drain and thoroughly wash out the top and bottom parts of the internal surfaces.

· Dampers should be kept in good condition to avoid unconsumed fuel from accumulating in the combustion cham​ber or furnace, and cause a fireside explosion. All connections and belongings should be kept in good working order so as to maintain efficient operation and also to prevent forced shutdowns.

· Boilers left idle for any length of time should have their manholes and handholes removed followed by thorough washing of the interior surfaces to remove scale and other contaminants. The boiler should be kept dry.

· Purging should be done on any firing or restart in order to clear the furnace passages of any unconsumed fuel, and thus prevent a fireside explosion. Modern burners have been designed to purge gases before new ignition and firing. 

· Preparing a boiler for inspections per legal statute requires all critical internal surfaces to be made available for inspection. This entails the removal of manholes and handholes, cooling boiler slowly, and cleaning it internally and externally, including firesides of boiler components. All valves should be tight in order to prevent any steam or water from backing into the idle boiler.

6.3.2
Operation and Maintenance Procedures for Fire-Tube Boilers

Because the shell is exposed to fire, the boiler re​quires careful internal inspection for scale, bulging and blisters. During an inspection, some of the areas to check carefully on a boiler are the following:

Internal inspection, on the section above the tubes, 

· Check for corrosion and pitting.

· Look for grooving on the knuck​les of heads, shells, welds, rivets, and tubes. Check the seams for cracks, broken rivet heads, porosity, and any thinning near the water line of the shell plate.

· Check all stays for soundness and proper ten​sion.

· Examine the internal feed pipe for soundness and support, check that it is not partially plugged.

· Check the openings to the water column connections, safety valve, and pressure gauge for scale ob​struction.

· Check shell and tube surfaces for scale buildup.

· Follow the same procedure internally below the tubes.

· Check the open​ing to the blowdown connections, and make sure that the bottom of the shell is pitched toward blowdown and that it has no blisters or bulges.

External inspection 

· Examine tube ends and rivets or welds for cracks and weaken​ing of the tube to the tube-sheet connection.

· Check for fire cracks around the circumferential seam, and for leakage at the caulked edge.

· Examine the setting and supports for soundness.

6.3.3
Instrumentation and Control for Steam Heating Boiler Systems

Minimum protective instrumentation and control devices required on steam-heating boiler systems are outlined in different ‘boiler codes and standards’. Among the most prominent are the following:

· Each steam-heating boiler must have a steam pressure gauge with a scale in the dial graduated from 1 kg/cm2 to the allowable testing pressure. Connections to the boiler must be not less than ¼-in. stan​dard pipe size; however, if steel or wrought iron pipe is used, it should be not less than   ½ in.

· Each steam-heating boiler must have a water gauge glass attached to the boiler by valve fittings not less than ½ in. and with a drain on the gauge glass not less than ¼ in. The lowest visible part of the gauge glass must be at least 1 in. above the lowest permissible wa​ter level as stipulated by the boiler manufacturer.

· Two pressure controls are required on automatically fired steam-heating boilers:

· An operating-pressure cutout control that cuts off the fuel sup​ply when the desired operating pressure is reached.

· An upper-limit control, set no greater than 0.5 bar, which backs the operating-pressure limit control so that the fuel is shut off when the operating-pressure control does not function.

· An automatically fired steam-heating boiler must have a low-water fuel cutoff, located so that the device will cut off the fuel supply when the water level drops to the lowest visible part of the water gauge glass. 

· Each steam-heating boiler must have at least one safety valve of the spring-loaded pop type, adjusted and sealed to discharge at a pressure not greater than the maximum allowable pressure of the boiler. No safety valve can be smaller than ½ in. or greater than 4½ in. The capacity of the safety valves must exceed the output rat​ing in kilograms per hour of the boiler. In no case, however, should the capacity of the valve be less, so that with the fuel-burning equipment firing at maximum capacity, the pressure cannot rise 0.2 bar above the stamped maximum allowable pressure of the boiler.

· All electric control circuitry on automatically fired steam-heating boilers must be positively grounded. The wiring system must include a grounded neutral as well as equipment grounding.

· Automatically fired steam-heating boilers must be equipped with flame safeguard safety controls.

· Stop valves on the steam supply line are not required for a single-boiler installation that is used for low-pressure heating, if there are no other restrictions in the steam and condensate line and all condensate is returned to the boiler. However, if a stop valve (or trap) is placed in the condensate-return line, a valve is required on the steam supply line. A stop valve is required on the steam supply line where more than one heating boiler is used on the same steam supply system and also on the condensate-return line to each boiler.

6.3.4
Instrumentation and Control for Hot-Water Systems.

The ASME Heating Boiler Code requires some minimum protective devices on hot-water-heating boiler systems. Among these are the following:

· A pressure gauge is required on the hot-water boiler with a scale on the dial graduated to not less than 1½ times nor more than 3 times the pressure at which the relief valve is set.

· A thermometer gauge is needed on the hot-water boiler. Graduation of the thermometer must be clear, and the thermometer must be located so that the water temperature in the boiler is measured at or near the outlet of the heated hot water. Reading should be taken along with boiler pressure.

· Two temperature controls are required in automatically fired hot-water boilers:

· (a) An operating limit control, that cuts off the fuel supply when the water temperature reaches the desired operating limit.

· (b) An upper-limit-control that backs up the operating-limit control and cuts off the fuel supply. This upper-limit control is set at a temperature above the desired operating temperature, but must be set so that the water temperature cannot exceed 120 °C at the boiler outlet.

· A low-water fuel cutoff is required on automatically fired hot-water boilers. It must be installed so that it cuts off the fuel when the water level drops below the safe, permissible water level established by the boiler manufacturer.

· All electric control circuitry on automatically fired hot-water boil​ers, as well as on steam-heating boilers, must be positively grounded. The wiring system must include a grounded neutral as well as equipment grounding.

· A hot-water-heating boiler must be equipped with spring-loaded Code-approved relief valves set at or below the maximum stamped allowable pressure of the boiler. The minimum size of the valve is ¾ in., and the maximum permitted size is 4½ in. Capacity must be greater than the stamped output of the boiler, but in no case should the pressure rise more than 10 % above the max​imum allowable pressure if the fuel-burning equipment operates at maximum capacity.

· Automatically fired hot-water-heating boilers and steam-heating boilers must also be equipped with flame safeguard safety controls that cut off the fuel when an improper flame (or combustion) exists by the burner. These usually in​clude pilot and main-flame proving, as well as pre-firing and post-firing purging cycles.

To avoid the dangers of complete reliance on automatic con​trols to safely cycle a boiler, it is a must to periodically check the controls for:

· Conditions of electric contacts,

· Electric connections,

· Water-column connections,

· Waterside plugging of pressure switches,

· Low-water fuel cutoffs,

· Soot accumulation in tubes,

· Operation of solenoid valves in fuel-cutoff lines,

· Firing-equipment timing and operation of flame-failure devices, and

· Operation of safety valves.
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