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1. Definition

Essential characteristics of a boiler:

1. Closed vessel: A container that 
holds water or other fluid heated to 
generate steam.

2. Capacity exceeding 22.75 liters: 
The regulations set the volume 
threshold. According to the IBR, any 
vessel smaller than this is not 
considered a boiler.

• Boiler is a closed vessel exceeding 22.75 liters in capacity.

• Used expressly for generating steam under pressure and includes any mounting 
or other fitting attached to such vessel, which is wholly or partly under pressure 
when steam is shut off but does not include a pressure vessel.
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3. Generation of steam under pressure: A boiler’s primary function is to 
generate steam, often under significant pressure, for various industrial, 
commercial, or domestic purposes.

4. Includes mountings and fittings under pressure: This part of the definition 
emphasizes that the boiler consists not only of the main vessel but also of all 
the auxiliary components and fittings essential for its operation.

5. Excludes pressure vessel: While boilers operate under pressure, certain 
vessels designed to contain fluids under pressure for purposes other than 
steam generation are not considered boilers under the IBR. These may 
include pressure vessels used for storage or other processes where steam 
generation is not the primary function.

1. Definition
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According to the Indian Boiler Regulations (IBR), boilers are classified into various 
types based on their design, construction, and application. 

2. Type of boiler

1. Fire Tube Boilers: The hot gases produced by 
the combustion process pass through the 
tubes, which are surrounded by water. The 
heat is transferred from the tubes to the 
water, generating steam. 

2. Water Tube Boilers: Water-filled tubes allow 
water to circulate through them while hot 
gases flow around the outside of the tubes. 

3. Package Boilers: These boilers are factory-
made and assembled in a package with all 
the necessary accessories and controls. 
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A fire tube boiler is a type of boiler in which hot gases produced by the 
combustion of fuel pass through tubes that are surrounded by water. The heat 
from the gases is transferred through the walls of the tubes to the water, which 
generates steam. Here's a breakdown of the key features and components of a fire 
tube boiler:

1. Fire Tubes: The boiler contains a series of horizontal tubes through which hot 
gases from the combustion process pass. These tubes are surrounded by water, 
and the heat transfer occurs through the tube walls.

2. Combustion Chamber: The combustion chamber is located at one end of the 
boiler, where the fuel (such as coal, wood, oil, or gas) is burned. The 
combustion process generates hot gases that travel through the fire tubes.

2.1 Fire tube boilers
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3. Water Surrounding the Tubes: The fire tubes are immersed in a large volume of 
water, typically contained in a cylindrical shell. This water absorbs heat from the 
hot gases circulating through the tubes.

4. Steam Generation: As the heat is transferred from the hot gases to the water, 
the water temperature rises, and steam is generated. The steam collects in the 
upper part of the boiler shell and can then be directed to various applications, 
such as heating, power generation, or industrial processes.

5. Baffles or Tube Sheets: These are plates or structures within the boiler that 
direct the flow of gases and ensure proper heat transfer from the combustion 
chamber to the water-filled tubes.

2.1 Fire tube boilers
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6. Safety Valves and Controls: Fire tube boilers are equipped with safety devices 
such as safety valves, pressure gauges, and controls to ensure safe and efficient 
operation. These devices help regulate the pressure and temperature within the 
boiler to prevent accidents or damage.

2.1 Fire tube boilers
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Application of Fire tube boiler

9

They are commonly used in applications where moderate steam pressures and 
capacities are required, such as heating buildings, providing hot water, and 
powering small to medium-sized industrial processes. However, fire tube boilers 
may have lower efficiency compared to water tube boilers, especially at higher 
pressures and capacities.

2.1 Fire tube boilers
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• A water tube boiler is a type of boiler where water circulates inside a series of 
tubes that are exposed to the heat produced by combustion or other heat 
sources. The combustion gases pass around the outside of the tubes, heating 
the water contained within them.

• Water tube boilers are distinguished from fire tube boilers, where the hot gases 
generated by combustion pass through tubes that are surrounded by water. 

• In water tube boilers, the water flows through the tubes, absorbing heat from 
the combustion process, and producing steam or hot water for various 
industrial, commercial, or residential applications.

2.2 Water tube boilers
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• Water tube boilers offer several advantages over fire tube boilers, including, 

2.2 Water tube boilers

• They are commonly used in power plants, refineries, chemical plants, and other 
industrial settings where high-pressure steam or hot water is required for 
process heating, power generation, and other applications

Higher efficiency

Faster steam production

Ability to operate at higher 
pressures and temperatures. 
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Fuel Usage

Fire tube boilers can be designed to utilize various types of fuel depending on the 
requirements of the application and availability of resources. Some common types 
of fuel used in fire tube boilers include:

1. Natural Gas: Natural gas is a widely used fuel in fire tube boilers due to its 
clean-burning properties and relatively low cost. It is readily available in many 
regions and is often used in residential, commercial, and industrial 
applications.

2. Propane: Propane is another clean-burning fuel commonly used in fire tube 
boilers, especially in areas where natural gas is not readily available. Propane is 
often used in residential and small commercial applications, as well as in off-
grid locations.

3. Diesel Fuel: Diesel fuel, also known as diesel oil or petrodiesel, is commonly 
used in fire tube boilers, especially in applications where other fuel options are 
limited. Diesel fuel is widely available and can be used in a variety of industrial 
and commercial settings.

3. Fuel Usage
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4. Heavy Fuel Oil (HFO): Heavy fuel oil is a viscous, residual oil obtained from 
crude oil refining processes. It is commonly used in marine and industrial 
applications where high energy density and cost-effectiveness are required. Fire 
tube boilers can be designed to burn heavy fuel oil efficiently.

5. Coal: While less common in modern applications due to environmental 
concerns and the availability of cleaner fuels, some fire tube boilers are designed 
to burn coal. Coal-fired boilers were historically widely used for industrial and 
power generation purposes.

6. Biomass: Biomass, such as wood pellets, wood chips, agricultural residues, and 
other organic materials, can be used as fuel in fire tube boilers. Biomass boilers are 
environmentally friendly and can contribute to reducing greenhouse gas 
emissions.

7. Waste Fuels: Some fire tube boilers can be designed to burn various waste fuels, 
including waste oils, recycled materials, and other industrial byproducts. These 
boilers help in waste disposal while providing heat or steam for various 
applications.

3. Fuel Usage
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• The choice of fuel for a fire tube boiler depends on factors such as cost, 
availability, energy efficiency, environmental regulations, and the specific 
requirements of the application. 

• It is essential to consider these factors carefully when selecting the appropriate 
fuel for a fire tube boiler installation. 

• Additionally, proper combustion controls and emissions monitoring systems 
should be in place to ensure efficient and environmentally responsible 
operation

3. Fuel Usage
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In boiler systems, treated water is essential to prevent various issues such as scale 
formation, corrosion, and microbiological growth. The type of treated water used 
in boilers typically undergoes several processes to ensure it meets specific quality 
standards. Here are the primary types of treated water used in boilers:

1. Softened Water: Hard water contains high levels of dissolved minerals, 
primarily calcium and magnesium ions, which can lead to scale formation in 
boilers. Softened water is treated to remove these minerals through a process 
called ion exchange, where calcium and magnesium ions are exchanged for 
sodium ions. Softened water helps prevent scale buildup in boilers and extends 
equipment lifespan.

2. Demineralized Water (Demin Water): Demineralized water undergoes further 
treatment to remove virtually all dissolved minerals, including salts and ions. 
This process typically involves both ion exchange and reverse osmosis to 
achieve high purity levels. Demineralized water is used in high-pressure boilers 
and steam generation systems where stringent water quality requirements 
must be met to prevent scale formation and corrosion.

4. Type of treated water 
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3. Deionized Water (DI Water): Deionized water is similar to demineralized water 
and is produced using ion exchange resins to remove dissolved ions and 
impurities from the water. Deionized water is commonly used in boiler systems 
and other industrial applications where ultra-pure water is required.

4. Condensate: Condensate is the water that forms when steam condenses after 
performing work in the system. It is often reused as boiler feedwater after 
being treated to remove impurities picked up during the steam cycle. 
Condensate treatment typically involves filtration, chemical treatment, and 
sometimes deaeration to maintain water quality and prevent corrosion in the 
boiler system.

5. Chemically Treated Water: Chemical treatment is often applied to boiler 
feedwater to control pH levels, prevent corrosion, and inhibit scale formation. 
Common chemicals used in boiler water treatment include oxygen scavengers, 
alkalinity builders, scale inhibitors, and corrosion inhibitors. These chemicals 
help maintain proper water chemistry and protect boiler components from 
damage.

4. Type of treated water 
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• The specific type of treated water used in a boiler system depends on factors 
such as water quality requirements, boiler design, operating conditions, and 
regulatory standards.

• It's essential to implement a comprehensive water treatment program tailored 
to the specific needs of the boiler system to ensure optimal performance, 
efficiency, and longevity while minimizing the risk of costly maintenance issues 
and downtime. 

• Regular monitoring, testing, and maintenance of water quality are critical 
components of effective boiler water treatment programs.

4. Type of treated water 
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Environmental control devices for boiler fuel gas are essential components used to 
minimize air pollution and ensure compliance with environmental regulations.

 These devices help reduce emissions of pollutants such as particulate matter 
(PM), nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO), volatile 
organic compounds (VOCs), and other harmful substances. 

Several types of environmental control devices are commonly used in boiler fuel 
gas systems:

1. Selective Catalytic Reduction (SCR): SCR systems utilize catalysts to promote 
chemical reactions that convert nitrogen oxides (NOx) into nitrogen gas (N2) and 
water (H2O) through the addition of ammonia or urea as a reducing agent. SCR 
systems are effective at reducing NOx emissions and are widely used in boiler 
applications.

5. Environmental control devices
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2. Selective Non-Catalytic Reduction (SNCR): SNCR systems inject ammonia or 
urea into the boiler's flue gas stream at high temperatures to chemically reduce 
nitrogen oxides (NOx) into nitrogen gas (N2) and water (H2O). SNCR systems are 
simpler and less expensive than SCR systems but may have lower NOx removal 
efficiencies.

3. Flue Gas Desulfurization (FGD): FGD systems, also known as scrubbers, remove 
sulfur dioxide (SO2) from boiler flue gas by introducing alkaline sorbents such as 
limestone or lime. The sulfur dioxide reacts with the sorbent to form gypsum, 
which can be disposed of safely. FGD systems help reduce acid rain and other 
environmental impacts associated with sulfur emissions.

5. Environmental control devices
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4. Particulate Matter Control Devices: Particulate matter control devices such as 
electrostatic precipitators (ESPs) and fabric filters (baghouses) are used to remove 
particulate matter (PM) from boiler flue gas. ESPs use electrostatic forces to charge 
and collect particulates, while baghouses utilize fabric filter bags to capture 
particles as the flue gas passes through.

5. Combustion Control Systems: Advanced combustion control systems optimize 
fuel-air ratios and combustion conditions to minimize emissions of pollutants such 
as carbon monoxide (CO) and volatile organic compounds (VOCs). These systems 
may incorporate technologies such as flue gas recirculation (FGR), low-NOx 
burners, and advanced control algorithms to improve combustion efficiency and 
reduce emissions.

5. Environmental control devices
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6. Continuous Emissions Monitoring Systems (CEMS): CEMS are used to 
continuously monitor emissions of pollutants from boiler fuel gas systems in real-
time. These systems measure concentrations of pollutants such as NOx, SO2, CO, 
and oxygen (O2) to ensure compliance with regulatory requirements and identify 
opportunities for optimization.

7. Heat Recovery Systems: Heat recovery systems capture waste heat from boiler 
flue gas and utilize it to preheat boiler feedwater, generate steam, or provide 
heating for other processes. By recovering waste heat, these systems improve 
overall energy efficiency and reduce fuel consumption and emissions.

5. Environmental control devices
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We deliver End-to-End Engineering Design and Construction Management 
Projects in Food and Beverage Industry. 
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