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Inspection Manual for Energy Generating Plants

2.
Description of Energy Production/Thermal Power Plants

The most important energy generating plants in industrial facilities are steam generating plants. These plants involve two distinct lines, the fuel line and the water line, each completely independent of the other in terms of mass transfer. The only interaction between these two lines is through the transfer of the heat generated by fuel combustion to water. The heat transfer process is responsible for the generation of steam. Accordingly, there are different ways to differentiate between steam generating plants, depending on:

· Type of steam generating plant

· Utilization

· Type of fuel

· Type of water treatment technology

Other energy generating units used in industry are:

· Diesel generators

· Gas turbines

2.1
Categorization of Boilers According to Type of Steam Generating Plant (configuration)

Boilers types do not have a direct impact on pollutant emissions during normal operation. However, understanding how each type is operated gives an insight on the control of boilers operation to avoid mal functioning through preventive maintenance.

2.1.1
Fire-Tube Boiler
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In fire-tube boilers, products of combustion, or hot gases, flow through ducts (mostly tubes), which are completely contained within a water vessel (shell). Combustion may also take place within a large tube (referred to as flame tube) also enclosed in that vessel. The fire-tube boiler, fig (2.1), is the most prevailing boiler used for heating purposes, as well as com​mercial and industrial applications. Boiler configurations are influenced by heat-transfer requirements, so that as much as possible of the heat released by a fuel may be extracted and transferred to the water.
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The fire-tube boiler is sold as a package consisting of the pressure vessel, burner, controls, and other components assembled into a fully factory-fire-tested unit. Most manufacturers test their models as a unit before it is shipped to the site, basically delivering a product that is pre-engineered and ready for quick installation and connection to services such as electricity, water, and fuel. 

2.1.2
Water-Tube Boilers

In water-tube boiler, the water is contained within tubes and the flue gases pass outside and across the tubes, Fig. (2.2).

The boiler-heated surfaces consist of a bundle of tubes, some of which are exposed to the fire, others to the flow of hot gases produced by the combustion process. Baffles are provided in the bank of tubes to create a number of gas paths and thus increase the effectiveness of the heated surface. In this manner, the heat is transferred to the water in the boiler through tubes of relatively thin section when compared with the thickness of a fire-tube boiler shell. Hence, the working pressure could be raised considerably above that of a fire-tube boiler. Moreover, should a tube rupture occur, the consequences would be less serious than if the furnace or shell of a fire-tube boiler ruptured. Boiler water impurities settle at the bottom.
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Fig (2.2) Two-Drum Oil- or Gas-Fired Water-Tube Boiler

2.1.3
Composite Boilers

Recently, water-tube and fire-tube principles have been combined with the development of the composite boiler (Fig. 2.3). 


Fig. (2.3) Composite Boiler
Table (2.1) Characteristics of Fire-Tube and Water-Tube Boilers

	
	Fire-tube
	Water-tube

	Pressure
	Limited to 20 – 30 bar (20 bar in the larger sizes).
	Virtually unlimited

	Unit output
	Limited to about 20 MW.
	Virtually unlimited.

	Fuel acceptance
	All commercial fuels.
	Virtually unlimited due to the large furnace, which can be designed for a particular fuel.

	Cost
	Low compared to water-tube.
	High compared to fire-tube.

	Erection
	Packaged ready for work after connecting to services at site.
	Can be shop-assembled or site erected.

	Efficiency
	80 – 85 % (Gross calorific value) according to fuel. Can be increased by adding economizer.
	85 – 90 % (Gross calorific value) according to fuel. Economizer or air preheater normally included as standard. Both may be used together to maximize efficiency.

	Feed water purpose
	For heating purposes.
	For power plus heating purposes.


2.2
Categorization According to Utilization

Boiler systems can be grouped into the following:

1) Electric power generation

2) High-pressure-steam for industry

3) Low-pressure-steam for industry

4) Steam-heating systems

5) Hot-water systems, both low-pressure and high-pressure

6) Systems using a different working fluid than the water-steam cy​cle, such as dowtherm. 

2.2.1
Steam Systems for Electric Power Generation

The utility boilers that are used for electric power generation are of the water-tube type. These work at remarkably high sub-critical pressures, and in some power stations at super-critical pressures. The steam generator supplies the steam turbine(s) with live superheated steam. In modern utility plants, the utility boilers include auxiliaries such as heaters, superheaters, reheaters, and preheaters which increase the thermal efficiency of the plant. 

2.2.2
High-Pressure Process Systems

High-pressure process systems may use fire-tube or water-tube boil​ers, depending on the pressure or capacity needed. The steam is used for mechanical drive turbine power to drive compressors, pumps, and similar equipment. It is also used to provide high pressure or tem​perature for manufacturing needs.

2.2.3
Low Pressure Steam Systems/ Hot Water Systems 

Boilers or water heaters working below 1 bar gauge are classified as low-pressure systems.

2.2.4
Steam-Heating Boiler Systems

Steam-heating boilers are usually low-pressure units of steel construction, although high-pressure steel boilers may also be used for large residential buildings or for large, industrial facilities. Usually if this is done, pressure-reducing valves in the steam lines lower the pressure to the radiators, convectors, or steam coils. The term steam heating also generally implies that all condensate is returned to the boiler in a closed-loop system.

Low-pressure heating boilers are usually operated automatically by on-off or modulating burner controls. Quite often the mistake made is thinking that low-pressure boilers thus automated are perfectly re​liable because they operate as a robot. 

On the contrary, serious explosions can occur from faulty operation or controls that malfunction. For ex​ample, if a limit control fails or is blocked so that it cannot operate when needed, over firing can result. Over firing may be caused by:

· Failure of a limit control to stop the burner because of a relay or mechanical defect.

· Mechanical failure of a fuel valve, or dirt blocking a valve preventing closure.

· Lack of temperature monitoring when burner is on manual operation.

· Oversized burner in relation to boiler sys​tem (or mild steam demand in conjunction with non-operational pump).

· Wiring short circuit, causing controls to be bypassed.

· Fusing of contacts on a stop-go switch into the go position.

· Solenoid or air-operated valves isolating the boiler from the load because of mechanical or electrical defect of the controls on the so​lenoid or on the air stop-go device.

Steam-heating systems use either gravity or mechanical condensate-return systems. The differences between each type of systems are defined as follows: when all the heating ele​ments (such as radiators, convectors, and steam coils) are located above the boiler and no pumps are used, the mechanism is known as a gravity return, since the condensate returns to the boiler by gravity. If traps or pumps are installed to aid the return of condensate, the system is known as mechanical return system. In addition to traps, this system usually includes a condensate tank, a condensate pump, or a vacuum tank or vacuum pump.

2.2.5
Hot-Water Systems

There are three general classes of hot-water systems:

1) Hot-water supply systems for washing and similar uses; 

2) Space-heating systems of the low-pressure type, often referred to as building heating systems; and 

3) High-temperature high pressure water systems operating at temperatures of over 120 °C and pres​sures of over 10 bar.

Both the hot-water-heating system and the high-temperature hot-water systems require some form of expansion tank in order to permit the water to expand as heat is supplied, without a corresponding in​crease in pressure. A common problem of hot-water-heating systems is that expansion tanks lose their air cushion, so that the water system can no longer expand without raising the pressure of the system. If this problem is neglected, pressure can build up to the point where the relief valve may open and dump water in the property. Thus periodic draining of the expansion tank is necessary to re-establish the air cushion.

2.2.6
Systems Using a Different Working Fluid

Boilers are not limited to the use of water as their working fluid. Their function extends to other fluids, such as dowtherm oils, especially when the oil acts as a heat-carrying agent between boiler and heating or drying applications, such as in the textile industry. Dowtherm oil is an organic chemical with a high boiling point. It is composed of diphenyl and diphenyl-oxide.

2.3
Type of Fuel Used

The combustion process is a special form of oxidation in which oxygen from the air combines with fuel elements. The environmental impact of combustion varies significantly depending on the fuel used There are three main commercial fuels that are fired in boilers, namely:

· Heavy fuel oil, commercially known as ‘Mazout’

· Light fuel oil, commercially known as ‘Solar’

· Natural gas (NG)

Other types of fuels are used in insignificant amounts:

· Kerosene

· Liquefied petroleum gas (LPG)

· Bagasse and agricultural wastes

· Black liquor

Air emission are directly related to the type of fuel. Table (2.2) presents the emission rate of pollutants per kg of fuel for the main types of fuel. Agricultural wastes generate more ashes and particulate matter than allowed by environmental regulations.

2.3.1
Fuel Oil (Mazout)

Mazout is a brownish-black petroleum fraction consisting largely of distillation residues from asphaltic-type crude oils, with a relative density of about 0.95. The fuel is highly viscous at atmospheric condition. Preheating is therefore necessary before combustion. For proper atomization, a maximum viscosity of about 24 cStoke at the burner tip is commonly adopted. For storage precautions, the minimum flash point is commonly 66 °C, and a minimum temperature must be set for storage and handling of the fuel.

Sulfur content may reach about 3.0 - 3.5 per cent by mass, and is considered to restrict corrosion problems. The maximum water-content is specified as 0.25 per cent. The mineral matter retained in petroleum residues appears as ash during combustion, and may contain hazardous materials. Hence, a maximum ash-content of about 0.25 per cent is also specified. Mazout is generally used for heating in furnaces and kilns and for steam-raising (boilers). Mazout shows advantages over other petroleum-based fuels for furnace applications due to its high luminosity.

2.3.2
Gas Oil (Solar)

Solar is a darkish-yellow petroleum fraction comprising distillate and small residual components, with a relative density of about 0.87. Solar fuel is used in the heavier, larger diesel engines employed in marine and stationary electricity-generating installations, which operate at relatively low rotational speeds and are less critical of fuel quality. The fuel is also used in burners for industrial heating, hot-water and steam production (boilers), and for drying. It has a maximum viscosity of 12.5 cStoke at about 80 °C, and its minimum temperature for satisfactory handling is about 10 °C. The flash-point of the gas oil (solar) has recently been reduced to 60 °C. The sulfur content  in Egyptian solar is 1-1.2 wt%.

2.3.3
Natural Gas

Natural gas (NG) consists mainly of methane, some proportions of ethane to heptane components, together with traces of N2, CO2 and H2S. The concentration of H2S in natural gas is 0.2 % by volume. Although pentane and heavier hydrocarbons boil above ambient temperature, they vaporize in small proportions below ambient temperature. 

2.3.4
Liquefied Petroleum Gases

Commercial butane and propane are essentially by-products of petroleum processing. The mixture of the two gases in varied ratio form what is called petroleum gas. Both gases have high heating values and are easily liquefied at low pressure forming liquefied petroleum gas (LPG), sometimes referred to as refinery gas. LPG is widely used as bottled fuels. On vaporization, the vapor-liquid volume ratio can reach a value of 250/1.

2.3.5
Bagasse and other agricultural wastes

Bagasse is a low-density waste, which must be disposed off. It has always been used as a fuel in sugar cane factories. It has a fibrous structure, with a maximum dimension of about 50-mm and moisture content of 45-55%, as supplied to the boilers. A wide variety of combustion equipment has been used to fire this waste, some of the most common being pile burning in refractory furnaces, firing on inclined or stepped grates and suspension firing over static, dumping or travelling grates.

Static 'pinhole' grates, consisting of perforated grate bars resting on boiler tubes, and dumping grates, where the grate surface is tilted in sections to remove ash from the furnace, can be used for the whole range of outputs currently required. Either mechanical or pneumatic distributors disperse the fuel across the furnace.

Boilers used for firing bagasse have low gas velocities to avoid tube erosion which occurs due to carryover of particulates, such as sand. They also have ample hoppers into which suspended matter from the gases can fall to avoid blockage of the gas passages.

Suspension fired boilers tend to have tall, moderately rated furnaces to reduce particulate carryover to a minimum. Nevertheless, some form of dust collection equipment is necessary to avoid high induced-draught fan wear, and chimney emission nuisance. Until recently, thermal efficiency has been of no great concern, the main aim of the plant being to achieve a good balance between fuel availability and the energy or fuel required. Any surplus bagasse, being of low density, is expensive to transport for other uses and requires large areas for storage. Moreover, long-term storage is not recommended due to the fact that it will decompose and attract vermin.

The use of bagasse in paper and paper pulp industries has recently been initiated. Therefore, other available commercial fuels, such as mazout, will soon replace bagasse as fuel in the cane sugar industry in Egypt. In addition, bagasse drying is being introduced, where the heat in the flue gases leaving the boiler is used to drive off some of the moisture in the fuel. This has the effect of lowering the temperature of gas discharged to the chimney; giving a higher thermal efficiency than would otherwise be achieved. Combustion is also improved.

While most solid liquid-fuel fired boilers are fed with fuel from a bunker or tank, bagasse-fired boilers are unique in that the fuel is continuously transported from the mills where it is produced, directly to the boilers, with no intermediate storage. This is done because of the difficulties, associated with reclaiming fibrous fuels from storage, as previously mentioned. A breakdown in the milling plant that causes a stoppage in the flow of fuel will, therefore, result in a loss of boiler output. This is particularly significant with suspension firing unless a very efficient system of reclaiming from the fuel store is available, or unless facilities for firing a readily available fuel, such as oil or gas, are fitted.

Other agricultural wastes are not used commercially.

2.3.6
Black Liquor

In pulp mills, where the cellulose fibers in wood are extracted for paper-making, a liquid waste or liquor is produced and used as a source of heat and power. This liquor has a solids content of 10-20%, a typical analysis of which is given on Table (2.3). It also contains chemicals used in the pulping process, such as sodium sulfate or sodium sulfite. This effluent is called black liquor, or sulfite liquor, depending on the chemical process being used. It is concentrated to about 68% solids, using the products of combustion from the boiler to evaporate the water in direct-contact heat exchangers. It is then fired in boilers in order to dispose of the combustible solids, the heat, and the process chemicals for reuse. The boilers used for this purpose are called chemical recovery units. They are essential units in all pulping processes in Egypt.

Present-day power and steam requirements in pulp mills necessitate the use of high-pressure boilers of either the two-drum type, with a single-pass convection bank, or of the single-drum type. Because of the high particulate loading and its low fusion temperature, the furnace design is tall, to reduce the gas temperature to the convection surfaces. However, it is still necessary, however, for the convection bank, superheater and economizer, to have very wide tube spacing to prevent bridging and blockage in the gas passages. The wide spacing also simplifies slag and dust removal. Numerous soot blowers are included for on-load cleaning. Table (2.3) displays the composition and heating value of Egyptian commercial fuels.

Table (2.2) Emission Rate of Pollutants for Different Fuels

	Commercial Fuel
	Amount of Pollutant (kg/kg fuel)

	
	CO2
	CO
	SO2
	NOx

	Mazout
	3.1694
	0.0004
	0.04
	0.00564

	Solar
	3.08137
	0.00036
	0.0152
	0.001487

	Natural Gas
	2.01
	0.000042
	0
	0.00125


Table (2.3) Heating Value and Composition of Egyptian Fuels

	Fuel
	Analysis, weight % 
	Heating value

kJ/kg

	
	C
	H
	S
	N2
	O2
	Ash
	H2O
	Gross
	Net

	Natural gas
	75
	25
	—
	—
	—
	—
	—
	55 300
	49 830

	LPG
	82.4
	17.6
	—
	—
	—
	—
	—
	46 860
	43 285

	Kerosene
	86.0
	13.7
	0.07
	—
	—
	—
	—
	45 900
	43 030

	Solar
	86.3
	12.5
	1.0
	0.05
	0.05
	0.1
	—
	44 570
	41 900

	Mazout
	86.0
	10.5
	3.0
	0.05
	0.05
	0.2
	0.2
	43 250
	41 080

	Bagasse
	24.7
	2.7
	0.1
	0.4
	20.6
	1.5
	50.0
	9 473
	 7 796

	Black liquor
	42.6
	3.6
	3.6
	0.2
	31.7
	18.3
	—
	15 352
	14 621


2.4
Type of Water Treatment Technology

Water quality is an important element in the efficient operation of boilers and steam systems. All water supplies contain some impurities in the form of dissolved gases and solids in solution or suspension. Treatment consists essentially of either removing objectionable constituents (or at least reducing their concentration to a level at which they are relatively harmless), or adding substances which suppress their undesirable effects. Water treatment of some sort is thus necessary for all boiler makeup water to:

· Treat scale formation in boilers and ancillary equipment, which may cause the boiler metal to overheat and fail disastrously.

· Minimize foaming and avoid contamination of steam by carry-over of boiler water.

· Minimize corrosion in the boiler due to dissolved oxygen in the feedwater, and in the steam mains and networks due to carbon dioxide in the steam.

Recommended water quality is given in Annex (C).


There are two basic methods of water treatment, namely, external and internal. 


2.4.1
External Water Treatment

External treatment is the reduction or removal of impurities from water outside the boiler. In general, external treatment is used when the amount of one or more of the feedwater impurities is too high to be handled by the boiler system. The most common external treatment methods include ion exchange, deaeration, and demineralization.

Before discussing water treatment processes, it is worth pointing out that routine checks of key water quality parameters should be made and the results logged. The most important parameters to monitor are shown in Table (2.4).

Table (2.4) The Most Important Item to Check

	
	Makeup Water
	Condensate
	Boiler Feed
	Boiler Water
	Blow-down

	Total dissolved solids
	X
	X
	X
	X
	X

	Alkalinity
	X
	X
	X
	X
	

	Chlorides
	X
	X
	X
	X
	X

	Hardness
	X
	X
	X
	X
	

	pH
	X
	X
	X
	
	


The quality of water can easily be checked using water test kits; conductivity meters can be used to check total dissolved solids.

Scale and Sludge Formation

Water always contains bicarbonates, chlorides, sulfates, and nitrates of calcium, magnesium and sodium in varying proportions, as well as silica, and occasional traces of iron, manganese and aluminum.

Calcium (Ca) and magnesium (Mg) salts cause hardness in water; most of the scales and deposits formed from natural waters in the boiler plant and in cooling systems are largely compounds of calcium and magnesium. 

Calcium and magnesium salts may be divided into two groups:

1) The bicarbonates Ca(HCO3)2 and Mg(HCO3)2, which cause alkaline hardness, also known as temporary hardness or carbonate hardness. These are easily decomposed by heat. Carbon dioxide is released and can cause acidic steam condensation and corrosion problems.

2) The sulfates, chlorides and nitrates CaCl2, MgCl2, CaSO4, MgSO4, Ca(NO3)2 and Mg(NO3)2. These are not decomposed by boiling and cause non-alkaline hardness (also called non-carbonate or permanent hardness). The nitrates are normally present in very small quantities.

The most objectionable effect of using raw water in a boiler is, therefore, the deposition of hard adherent scales on the heating surfaces. These have a low thermal conductivity estimated between 1.15 and 3.45 W/m °C, so that the metal temperature will rise to the point at which it softens, bulges and splits under pressure, with dangerous results.

The parts of the heating surface most sensitive to this effect are water tubes exposed to radiant heat, or furnace tubes of shell boilers, where rates of heat transfer and water evaporation are high. In tubes receiving heat by convection and conduction, greater thickness of scale can be tolerated before failure takes place. The direct loss of heat or waste of fuel caused by scale has been estimated at about 2 percent or even less in watertube boilers, but may be up to 5 or 6 percent in fire tube boilers where heating surfaces are small.

In addition to the deposition of scales and sludge, dissolved gases can pose problems. Carbon dioxide and oxygen that are dissolved in water, together with the carbon dioxide liberated when water containing bicarbonates is heated, can cause corrosion in economizers and boilers. Since dissolved gases pass out with steam, they reappear in condensate, which is therefore corrosive. Finally, salts and suspended solids in boiler water can, under certain conditions, be carried out of the boiler in the steam and deposited in steam mains and steam using equipment.

External water treatment processes include:

a. 
Ion-Exchange Processes
Ion exchange encompasses a number of variations on a process known as water softening, that is, reducing the hardness of water. Salts dissolved in water, separate into their constituent ions, and these have some degree of mobility. Ions carrying a positive charge are termed cations, and include metallic and hydrogen ions. Anions carry a negative charge. Those chiefly of interest in water treatment are:
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The interaction between ions in solution is the principle behind a considerable number of chemical reactions, including precipitation. Moreover, some solid materials will exchange ions with those dissolved in water passing through them. This ion exchange phenomenon was first noticed in relation to certain minerals known as zeolites, which are essentially sodium aluminum silicates. When hard water is allowed to percolate through a bed of suitably graded zeolite, nearly all the calcium and magnesium ions are replaced by sodium, and the water is thus softened. Eventually, all the sodium in the zeolite is used up, and the bed consists essentially of calcium and magnesium zeolite. However, can be reconverted into the sodium zeolite by treatment with a strong solution of brine (NaCI).

Synthetic zeolites are more efficient for water softening than the natural minerals, but these man made materials have been surpassed by other substances. Resins made by the condensation of phenols and formaldehyde have good exchange properties. Other types of resins with similar properties have more recently been developed, such as the polystyrene and carboxylic resins.

These processes work best with clean water. Suspended solids in the raw water should be removed by filtration using coagulants if necessary. Otherwise they will clog the pores of the exchange material and reduce its exchange capacity. There are also working losses due to abrasion and carry​over of fine material, so that some fresh material must be added after a year or two, as make-up. These losses vary according to working conditions, and the plant suppliers should be consulted for estimates of losses in any given case

b.
Deaeration

Deaerators are used to remove the oxygen in water by the use of heat. Oxygen gas dissolves in water and does not react chemically with it. As the water temperature increases, it becomes less and less soluble. Thus, it is easily removed by bringing the water to the boiling temperature corresponding to the operating pressure. Pressure and vacuum designs are used for deareation. In pressure deaerators, steam is injected through the water to remove oxygen and simultaneously  provides heat to the feed water. Consequently, this method is preferred for boiler feed water. Vacuum units are mainly used when heating is not required.   

 Steam deaerators break up water into a spray or film and then sweep the steam across to force out dissolved gases such as oxygen or carbon dioxide. The oxygen content can be reduced below 0.005 cubic centimeters per liter (cm3/ l), almost the limit of sample testing by chemical means. As carbon dioxide is removed, pH increases. This increase gives an indication to the deaeration efficiency.

c.
Demineralization

Demineralization involves passing water through both cation- and anion-exchange materials. The cation-exchange process is operated on the hydrogen cycle. That is, hydrogen is substituted for all the cations. The anion exchanger operates on the hydroxide cycle, which replaces hydroxide for all the anions. The final effluent from this process consists essentially of hydrogen ions and hydroxide ions, or water.

The demineralization process may take any of several forms. In the mixed-bed process, the anion- and cation-exchange materials are intimately mixed in one unit. Multibed arrangements may consist of various combinations of cation exchange beds, weak and strong based anion exchange beds, and degasifiers.

2.4.2
Internal Water Treatment Processes

Internal treatment is the conditioning of impurities within the boiler system itself. The conditioning may take place either in the feed lines or inside the boiler. Internal treatment may be used alone or in combination with external treatment. Internal treatment is designed to take proper account of feedwater hardness, to control corrosion, to scavenge oxygen, and to prevent boiler water carry-over. Through internal treatment, the alkaline hardness in the raw water is decomposed and precipitates as the water is heated. 

Permanent hardness is precipitated in the boiler by the addition of alkali in the form of sodium carbonate, caustic soda, or sodium phosphates. Due to their high price, there use is limited to cases where intake water has poor quality. However, for boilers working at pressures above approximately 14 bar or low-hardness feedwater, they are essential.

2.4.3
Conditioning of Boiler Feed Water
Conditioning of boiler feed water involves the use of some additives, whose number and types have increased appreciably over the last twenty years. Brief notes on selected items are given below. A program devised for a particular boiler plant would be unlikely to include all items shown:

1) Sodium Carbonate: Used to promote zero hardness in low-pressure boilers operating below about 14 bar and so prevent scale; also to raise the alkalinity of feed so as to minimize corrosion. Some external treatment processes provide adequate sodium carbonate in the treated make-up water.

2) Caustic Soda: Can be used in place of sodium carbonate in low-pressure boilers as above. If external treatment is performed providing sufficient softening, caustic soda is not required.

3) Phosphates: All forms are used for scale prevention at boiler pressures above about 14 bar. Glassy phosphates can also reduce the precipitation of calcium carbonate in hot feed lines. Both glassy and acidic phosphate may be used to eliminate excess caustic soda (if used in external treatment) from the boiler water.

4) Chelating Agents: Used as an alternative to phosphates to prevent scaling in boilers. 

5) Anti-foams: Used to prevent foam formation in boilers. Proprietary boiler-chemical mixtures often contain an antifoam agent. Anti-foams can also be obtained separately for individual application in severe cases.

6) Neutralizing Amines: Used to neutralize carbon dioxide in steam condensate and feed lines, and so diminish corrosion. Not economic in systems with high make-up of untreated water. Unsuitable where steam comes into direct contact with foods, beverages, or pharmaceutical products.

7) Sodium Sulfite: Used to eliminate dissolved oxygen and consequently decrease corrosion. Compounded sodium sulfite is known to react 20 to 500 times as fast as the uncompounded material, and this offers more protection to short feed systems. When boilers are not in operation or used as stand-by, they are filled with water to which sodium sulfite is added. 

8) Hydrazine: Also used to eliminate dissolved oxygen and so diminish corrosion. Has the advantage of not increasing dissolved solids. Reacts slowly at temperatures below about 245 °C. Not used when steam is applied in processing food or beverages.

9) Sodium Sulfite: Used to prevent caustic cracking in riveted boilers.

10) Sodium Nitrate: Also used to prevent caustic cracking.

11) Sludge Mobilizers: Natural and synthetic organic materials are used to reduce adherence of sludge to boiler metal. Some of these materials have temperature limitations; the advice of the vendors should be followed closely in their use.

2.4.4
Blowdown

Blowdown is an integral part of the proper functioning of a boiler water treatment program, and usually requires continuous monitoring for positive control. Through the blowdown, most of the dirt, mud, sludge, and other undesirable materials are removed from the boiler drum. This section describes blowdown systems and their control. When considering blowdown methods, it is important to estimate the quantity of required blowdown. A simple relation gives blowdown as a percentage of evaporation in the boiler:

% Blowdown = 
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Where:
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For example, typical figures for a package boiler might be:
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  = 3.45% of the steam production.

Intermittent and Continuous Blowdown

The blowdown may be intermittent, and taken from the bottom of the boiler to remove any sludge that has settled. This is generally a manual operation carried out once per drift in a series of short, sharp blasts; the amount of blowdown is estimated by monitoring the reduction of sludge level in the gauge glass, or simply from the duration of the blow. This has been the traditional method used with shell boilers.

Blowdown may also be continuous as a bleed from a source near the nominal water level. Since the concentration of solids will be the highest at the surface of the water (where boiling is occurring), surface blowdown is an efficient way to reduce the solids concentration. A bleed valve opening is adjusted according to periodic TDS measurements, and the flow is continuous. In more recent years, this has become "step-continuous". This means the valve is opened or closed cyclically from a time signal, or from a signal derived from some property of the boiler water, such as electrical conductivity. Automatic TDS control systems, based on this signal, are commercially available.

In modern practice both intermittent and continuous blowdown methods are used, the former mainly to remove the suspended solids which have settled, the latter to control TDS. It is important to carry out the intermittent blowdown sequence at periods of light load. It is also important that it should not be neglected; otherwise, sludge may build up to such an extent that heat transfer is impeded and the boiler fails, perhaps disastrously.

Control of Blowdown

In a simple, manually controlled system, the blowdown valve must be set by hand to give the required amount of blowdown. The aim is to maintain the total dissolved solids in the boiler water (usually expressed in ppm, parts per million) just below the prescribed maximum limit. It is therefore essential to sample and analyze the water and adjust the blowdown until the desired conditions are achieved.

2.5 Diesel Generators

Diesel engines are used for stationary power generation in a wide variety of services: central stations, oil fields, pipelines, sewage disposal, and commercial, institutional, and military bases. Diesel engines are also used to supply auxiliary power in industrial plants or as emergency stand-by sources of energy in the event of main power-supply failure. Sometimes diesel engines are operated simultaneously with steam units to supply the peak-load electricity of the plant.

Ancillary equipment for Diesel engine plants are:

· Air-intake systems. Intake filters, ducts, and silencers

· Exhaust gas systems. Ducts, mufflers

· Fuel systems. Storage tanks, pumps, strainers, oil filters, meters, oil heaters, piping

· Engine cooling systems. Pumps, heat exchangers, cooling towers, spray ponds, water treatment, piping

· Lube-oil systems. Pumps, tanks, relief valves, filters, coolers, purifiers, piping

· Engine starting systems. Battery, electric motor, mechanical air com​pressor and engine, wiring, control panel

· Electrical systems. Generators, switchgear, exciters, busses, trans​formers, auxiliary power and light

2.5.1
Air-Intake Systems

They are used to lead air into the engine cylinders through ducts, or pipes and filters. Filters remove air-borne solids that may act as an abrasive in the engine cylinders. Filter types include: (1) dry, (2) oil-bath, (3) viscous-impingement, and (4) electro​static precipitator filters. The intake system must cause a minimum pressure loss to avoid the reduction of engine capacity and the increase in specific fuel consumption. 

Filters must be cleaned periodically to prevent pressure loss from clogging. Silencers must be used on some systems to reduce high-velocity air noises. 

2.5.2
Exhaust Gas Systems

The system leads the engine exhaust gas outside the building, and discharge it to the atmosphere. Must be designed for low-pressure loss to avoid cutting engine capacity and reducing efficiency. 

All exhaust systems need mufflers to attenuate gas-flow noises, which are highly objectionable. The exhaust stack usually stands on the muffler top.

Where some of the exhaust energy may be useful, it may be recovered in gas-to-air heat exchangers or gas-to-water exchangers or in waste-heat boilers for steam generation. These devices also act as mufflers.

2.5.3 Fuel Systems

Bulk storage tanks and engine daily tanks hold the engine fuel oil. The former receive the oil delivered to the plant, and stand outdoors for safety. Pumps draw oil from the storage tank to supply the smaller daily tanks in the plant at daily or shorter intervals. Large storage capacity allows purchasing fuel when prices are low. 

A large enough dike to form a moat, must be installed underneath aboveground storage tanks to hold the tank contents. Tanks must have manholes, for internal access and repair; fill lines, to receive oil; vent lines; to discharge vapors; sounding connections, to meas​ure content; overflow return lines for controlling oil flow, and a suction line to withdraw oil. Coils heated by hot water, electric or steam elements, reduce oil viscosity to lower pumping power needs.

Delivered oil sometimes holds water, dirt, metallic fragments, and other foreign matter that must be removed by filtering. Much of this will settle out in the storage tank, especially with the lighter fuel oils and at higher temperatures. Filters may remove a light degree of contamination, but heavier fouling requires manual cleaning.

Dip-stick measurements and/or side glass give quick spot checks of tank contents, but meters give continuous indications. Volumetric meter readings must be corrected for oil temperature to determine the weight of oil burned.

2.5.4 Engine Cooling System

The thermal energy supplied to the engines leaves the engine as follows: 

· shaft power delivered to the load;

· energy in the high-temperature exhaust gases; and 

· heat transferred to the jacket of cooling water.

Removing the latter heat prevents damaging the cylinder liners, heads, and walls and the piston and its rings. Small engines may be air-cooled, but larger stationary engines use water circulating in the cylinder jacket.

The temperature of the cooling water must be controlled: if too low, the lube oil will not spread properly and the cylinder and piston will wear out; if too high, the lube oil burns. Small-diameter cylinders have leaving temperatures up to about 80 °C; large-diameter cylinders use lower leaving temperatures. Constant cooling-water flow rate and inlet temperature makes jacket-temperature rise when the load is varies.

When large bodies of water are nearby (or city water is available), they may be used for once-through jacket cooling. Most plants, however, use a spray pond, cooling tower, or evaporative cooler.

When cooling towers are used, the make-up water is usually treated. Treatment depend​s on the type of contaminants. Zeolite softeners, lime or lime-soda-ash treatment may be used.

2.5.5 Lubricating-Oil System

The lubricating oil, or lube oil, per​forms several duties: 

· It lubricates moving parts, 

· Removes heat from cylinders and bearings; 

· Helps piston rings to seal gases in the cylin​der; and 

· Carries away solid matter generated from rubbing moving parts. 

Lube oils must be chosen with care, and purified at intervals.

Modern lube oils have additives to act as oxidation inhibitors, foam-reducing agents, pour-point depressants, and other agents. Dopes and additives may be used in oils to refresh them.

Using several brands with possible different additives may cause trouble. Oil in service becomes contaminated with dust, atmospheric moisture, dirt, carbon, and metallic chips. Heat causes chemical changes in the oil. Oil must be used as long as possible to keep costs down; purifying extends its life. Temperatures above 105 °C shorten lube-oil life.

2.5.6 Engine Starting System

Starting systems include: 

· Air starting for medium and large-capacity, stationary and mobile units; 

· Auxiliary-engine starting for medium-capacity mobile units; and 

· Electric motor starting for small, high-speed gasoline and diesel engines.

Air starting uses valve arrangements to admit pressurized air, about 14 bar, to some  cylinders, making them act as reciprocating air motors or engines to turn over the engine shaft. Admitting fuel oil to the remaining engine cylinders makes the engine start under its own power. A gas-engine-driven compressor usually supplies air to the compressed-air starting tanks.

2.5.7 Waste-Heat Recovery

Thermal energy in exhaust gas and jacket-cooling water may supply heat for a variety of purposes, such as for heating fuel oil, space heating, hot water, or generating process steam. 

Recovery arrangements include: 

· Circulating air around the exhaust system; 

· Using hot water from the engine jackets; and 

· Using waste-heat boilers in mufflers to provide steam or hot water.

These arrangements represent different forms of cogeneration.

2.6 Gas Turbines

Industrial gas turbine systems are composed of a gas turbine, coupled to a rotary air compressor. The gas turbine drives the compressor as well as any  load (such as a generator, fan, or pump) connected to the coupling. In the case of power generation, the load is an electric generator unit. Atmospheric air enters the compressor from the intake side. Moving blades mounted on the rotor, force the air between the stationary blades to raise its pressure and temperature. The pressurized air leaves the compressor to enter the combustor. Part of the air enters the combustion space to mix and burn with the fuel. The remaining air enters the combustor liner through openings farther downstream to mix with and cool the combustion products. The 1600°C combustion gases are cooled by the excess air to a level that will not destroy the turbine first-row buckets (exceeding their allowable stresses). Inlet gas temperature ranges from 650 to 850 °C. As the hot pressurized gas expands through the turbine stages, it develops the motive force for turning the turbine rotor. The gases leave the turbine at a temperature in the range of 450 to 550 °C.

The industrial gas turbine unit is delivered to the site as a completely assembled unit; the intake duct of the compressor, the fuel supply line, and the turbine exhaust duct, all need only to be connected, and the unit is ready to run.

2.6.1 Controls and Auxiliaries

Gas-turbine engines need ancillary equipment, namely, starting motor or engine, motor-driven auxiliary lube pump, starting step-up gear, fuel-control system, oil coolers and filters, inlet and exhaust silencers, and control panels.

In industrial gas turbine units, used two-thirds of the mechanical power developed by the turbine is used for driving the compressor, and a small amount of turbine power for driving other auxiliaries such as the fuel pump. Therefore, the efficiency of a gas turbine unit is low in comparison with steam and diesel engine plants. The factors that affect efficiency are many, the most important being maximum temperature. The higher the maximum temperature, the greater the thermal efficiency. However, it is worth mentioning that the metallurgical barrier stands against further increase in maximum efficiency. New advances have been introduced in the last three decades, the most important of which are cooling turbine disks and blades by bled air from the compressor and improving blade alloy characteristics.

2.6.2 Regenerative Gas Turbine

Regeneration in gas industrial turbine units improves thermal efficiency by allowing the compressed air to recover some of the energy of the turbine exhaust gas. This preheating reduces the amount of fuel that must be burned to bring the gas up to rated turbine-inlet temperature. Shell-and-tube regenerators (heat exchangers) are usually used in regenerative gas turbine systems.

2.6.3 Gas-Turbine Fuels

Present industrial-gas-turbine units burn natural gas, blast-furnace gas, distillate oils, and even heavy oils (residual oil). With gaseous fuel firing, gas pressure must be raised to about 10 bar to ensure proper injec​tion into the combustors. With a pressure ratio of 6:1, combustor pressure runs about 6 bar. Gas pressure must be higher than this to establish good combustion condition.

With liquid fuels, it is important to use storage and daily tanks, transfer pumps, connecting piping, and injec​tion pumps to burn oil. Storage tanks usually hold at least a 2 weeks’ supply of fuel. Industrial gas turbines can burn either gas or oil in the same unit (dual fuel burning). Fuels may be transferred under load, both burning while changing over. Such units must have parallel systems for each fuel, but the nozzles in the combustor can burn either, or both together. Mechanical atomizing nozzles may be used for the oils, but air-atomizing nozzles are recommended for units making long runs.

Oil fuels usually contain sodium, vanadium, and calcium as part of the ash constituent. Sodium corrodes hot metals and builds up hard deposits that choke gas passages in the blading. Vanadium corrodes hot-metal blading at a high rate. To burn oil fuels successfully, they must meet the following specifications:

· The sodium content in ash must be no greater than 30% cent of the vanadium content. The maximum sodium content should not exceed 10 ppm, and 5 ppm is preferable. With less than 5 ppm sodium, the ratio of sodium to vanadium is not critical.

· The magnesium content in the ash must be at least three times the vanadium. This is not critical when vanadium is less than 2 ppm.

· Calcium should be 10 ppm or lower. Up to 20 ppm can be tolerated at the expense of higher turbine-nozzle plugging.

· Lead should not exceed 5 ppm; it cancels out the inhibiting action of magnesium on vanadium.

In general, the appropriate additives, recommended by the suppliers, usually treats gas turbine-oil fuels.
Fig (2.1) Three-P Fire-Tube Boiler
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