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Abstract: Thermal is the main source for power generation in India. The percentage of thermal power generation as 
compare to other sources is 65%. The main objective of thermal power plant is to fulfill the energy demands of the   
market and to achieve these demands; plant requires technical availability with the parts reliability and maintenance 
strategy. This paper deals with the determination of current operating efficiency of Boiler and calculates major losses for 
Super thermal power plant (India) of 210MW units. Then identify the causes of performance degradation. Also find the 
major causes of heat losses by Fault Tree Analysis (FTA) and recommends its appropriate strategy to reduce major 
losses. The aim of performance monitoring is continuous evaluation of degradation i.e. decrease in performance of the 
steam boiler. These data enable additional information which is helpful in problem identification, improvement of boiler 
performance and making economic decisions about maintenance schedule. 
Keywords: Boiler efficiency, Fault tree analysis (FTA), Maintenance 
 

1. INTRODUCTION 
Understanding boiler loss is essential for optimizing energy efficiency and reducing operational costs in various industries 
reliant on boiler systems. Boiler loss encompasses the inefficiencies and energy wastage occurring during combustion and 
heat transfer processes within boilers. These losses stem from factors such as incomplete combustion, heat escaping 
through flue gases, radiation losses from boiler surfaces, and unburned fuel residuals. Hence, studying boiler loss aims to 
quantify these inefficiencies, identify primary sources of loss, and propose strategies for improvement. By conducting 
comprehensive studies, researchers can assess boiler performance; analyze factors influencing losses, and recommend 
cost-effective measures for enhancing efficiency. Ultimately, mitigating boiler loss not only improves energy utilization but 
also promotes sustainability and reduces environmental impact, making it a critical focus for industries aiming to optimize 
their operations. 
1.1 OBJECTIVES 
The objectives of studying insulation loss in boilers are multifaceted, aiming to enhance energy efficiency, improve 
operational performance, and ensure safety. Here are the key objectives 
1. Quantify Heat Loss: Determine the extent of heat loss occurring through insulation in boiler systems. Understanding 

the magnitude of insulation loss provides insights into the overall energy efficiency of the boiler and identifies areas 
for improvement. 

2. Identify Insulation Weaknesses: Identify specific locations or components where insulation is ineffective or 
deteriorating, leading to increased heat loss. Pinpointing these weaknesses enables targeted interventions to enhance 
insulation effectiveness and reduce energy wastage. 

3. Evaluate Insulation Materials: Assess the performance of different insulation materials used in boiler systems. 
Compare their thermal conductivity, durability, and suitability for high-temperature environments to identify the most 
effective insulation solutions. 

4. Enhance Energy Efficiency: Develop strategies to reduce insulation loss and improve overall energy efficiency in boiler 
operations. Implementing effective insulation measures can lead to significant energy savings and lower operating costs 
over the long term. 
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5. Ensure Safety and Compliance: Ensure that insulation systems in boilers meet safety standards and regulatory 

requirements. Proper insulation not only conserves energy but also prevents heat-related hazards and ensures 
compliance with industry regulations. 

6. Extend Equipment Lifespan: Minimize heat loss through insulation to reduce thermal stress on boiler components, 
thereby extending their lifespan and reducing maintenance requirements. Effective insulation can also mitigate 
corrosion and other forms of damage caused by excessive heat exposure. 

7. Environmental Impact Reduction: Decrease the environmental impact of boiler operations by reducing energy 
consumption and greenhouse gas emissions associated with heat loss. Improving insulation efficiency aligns with 
sustainability goals and contributes to a cleaner environment. 

8. Continuous Improvement: Establish a framework for ongoing monitoring and optimization of insulation systems to 
maintain peak performance over time. Regular inspections, maintenance, and periodic assessments help ensure that 
insulation loss remains minimal throughout the lifecycle of the boiler system. 

In conclusion, the objectives of studying insulation loss in boilers are essential for achieving optimal energy efficiency, 
operational performance, and safety in industrial settings. By quantifying heat loss, identifying weaknesses in insulation, 
evaluating materials, and optimizing insulation design, industries can significantly improve their energy efficiency and 
reduce operational costs. Additionally, ensuring compliance with safety standards and regulatory requirements through 
effective insulation measures is paramount for safeguarding personnel and equipment. Moreover, extending the lifespan of 
boiler components, minimizing environmental impact, and realizing cost savings underscore the multifaceted benefits of 
addressing insulation loss. Ultimately, a commitment to continuous improvement and proactive maintenance ensures that 
insulation systems remain efficient and effective throughout the lifespan of boiler operations, contributing to sustainable 
and responsible industrial practices. 

2. LITERATURE REVIEW 
The literature review on insulation loss in boilers reveals a multifaceted landscape of research, encompassing various 
aspects crucial for enhancing energy efficiency and operational performance in industrial settings. Through a synthesis of 
diverse studies, several key insights emerge. Firstly, the selection of insulation materials is critical, with researchers 
exploring the thermal properties, durability, and suitability of different options for boiler applications. Secondly, 
understanding the mechanisms of heat loss, including conduction, convection, and radiation, is essential for pinpointing 
areas for improvement. Performance evaluation through experimental testing and numerical simulations provides valuable 
insights into insulation effectiveness and potential energy savings. Moreover, optimization strategies such as material 
selection, thickness optimization, and installation techniques are proposed to minimize heat loss and improve overall 
efficiency. The literature also underscores the significant impact of insulation loss on energy efficiency, operational costs, 
safety, and environmental sustainability. Compliance with regulatory standards, such as the ASME Boiler and Pressure 
Vessel Code, is crucial for ensuring the safety and efficiency of insulation systems. Overall, addressing insulation loss in 
boilers is paramount for optimizing energy usage, reducing operational costs, and advancing sustainable industrial 
practices. 
2.1 Methods to reduce insulation loss 
1. Upgrade Insulation Materials: Use high-performance insulation materials with low thermal conductivity to minimize 

heat transfer. Materials such as ceramic fiber, mineral wool, or aero gels offer excellent insulation properties and can 
significantly reduce insulation loss. 

2. Increase Insulation Thickness: Increase the thickness of insulation layers to enhance thermal resistance and reduce 
heat loss. Thicker insulation reduces the temperature gradient across the insulation material, thereby minimizing heat 
transfer through the insulation. 

3. Install Insulation Blankets or Jackets: Wrap boilers and exposed pipes with insulation blankets or jackets to minimize 
heat loss from the boiler surface. Insulation blankets provide an additional layer of thermal protection and can be 
customized to fit specific boiler configurations. 

4. Apply Reflective Coatings or Films: Apply reflective coatings or films to the outer surface of insulation materials to 
minimize radiant heat loss. Reflective coatings reflect heat radiation back into the boiler system, reducing heat loss to 
the surroundings. 

5. Optimize Insulation Design: Optimize the design and layout of insulation systems to minimize thermal bridging and 
maximize coverage. Ensure that all critical components, including valves, fittings, and flanges, are adequately insulated 
to prevent localized heat loss. 

6. Implement Insulation Maintenance Programs: Establish regular inspection and maintenance programs to monitor the 
condition of insulation materials and repair any damage or degradation promptly. Proper maintenance ensures that 
insulation remains effective in reducing heat loss over time. 

7. Utilize Heat Recovery Systems: Install heat recovery systems to capture and reuse waste heat from flue gases or 
exhaust streams. Heat exchangers can recover heat energy for preheating boiler feedwater or other process streams, 
reducing the need for additional fuel input. 

8. Control Boiler Operating Conditions: Optimize boiler operating conditions, such as combustion air temperature, 
excess air levels, and firing rates, to minimize heat loss. Ensure that boilers operate at their optimal efficiency by 
regularly adjusting control parameters. 
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9. Invest in Advanced Insulation Technologies: Explore innovative insulation technologies, such as vacuum insulation 

panels or phase-change materials, which offer superior thermal performance and can further reduce insulation loss in 
boilers. 

By implementing these methods, industries can effectively reduce insulation loss in boilers, improve energy efficiency, and 
achieve significant cost savings over the long term. 
 

3. CALCULATION OF  LOSSES 
1. Heat loss due to dry flue gas: 
To derive the formula for heat loss due to dry flue gas, we can start with the definition of heat transfer: 

Q= mcpΔT 
Where: 
Q = the heat transfer (in Joules or Btu), 
m = the mass (in kg or lb), 
Cp = the specific heat capacity (in J/kg°C or Btu/lb°F), 
ΔT = the temperature difference (in °C or °F). 

LDG = [24 x DG x (FGT - CAT)] ÷ HHV 
Where, 
DG (lb./lb. fuel) = (11CO2+ 8O2 + 7N2) x (C + 0.375S) ÷ 3CO2 
FGT = flue gas temperature, ºF 
CAT = combustion air temperature, ºF  
HHV = higher heating value of fuel, Btu/lb. 
CO2 and O2 = percent by volume in the flue gas  
 

 
Figure 1. Combustion efficiency 

 
2. Heat loss due to moisture from Hydrogen (LH) 
The hydrogen component of fuel leaves the boiler as water vapour, taking with it the enthalpy – or heat content – 
corresponding to its conditions of temperature and pressure. The vapour is a steam at very low pressure, but with a high 
stack temperature. Most of its enthalpy is in the heat of vaporization. The significant loss is about 11percent for natural 
gas and 7 percent for fuel oil. 
This loss (LH) can be calculated as follows: 

LH  = [900 x H2 x (hg – hf)] ÷ HHV 
Where, H2 = hydrogen weight fraction in fuel analysis. 
hg = 1055+(0.467 x FGT),Btu/lb. hf = CAT – 32, Btu/lb. 
Where, hg = the enthalpy of water vapour at 1 psig (pounds per square inch gauge), 
hf = the enthalpy of water at the combustion air temperature (CAT).  
Only a condensing heat exchanger will reduce this loss appreciably Combustible. 
3. Heat losses 
This is the second largest source of heat loss in coal stokers and is caused by unburned fuel. It comes from three 
sources:- 
 Carbon in bottom ash 
 Carbon in fly ash 
Heat loss due to unburnt in flyash( %) 
Lt = Total ash collected / kg of fuel burnt X G.C.V of fly ash 
 

GCV of fuel 
Heat loss due to unburnt  in bottom ash (%) 
 
Lt = Total ash collected / kg of fuel burnt X G.C.V of fly ash  
                         GCV of fuel 
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4. Radiation and convection losses 
Normally surface loss and other unaccounted losses is assumed based on the type and size of the boiler as given below 
For industrial fire tube / packaged boiler = 1.5 to 2.5% For industrial water tube boiler = 2 to 3%For power station boiler 
= 0.4 to 1% However it can be calculated if the surface area of boiler and its surface temperature are known as given 
below: 

L = 0.548 x [(Ts / 55.55)4 – (Ta / 55.55)4] + 1.957 x (Ts – Ta) 1.25 x sq.rt of [(196.85 Vm + 68.9) / 68.9] 
Where, 
 
L = Radiation loss in W/m2, 
Vm = Wind velocity in m/s, 
 Ts = Surface temperature (K), 
Ta = Ambient temperature (K). 
 
5. Leaks 
The densities of epoxy resin, glass fiber, and Sisal fiber obtained from the supplier’s data sheet are 1.2, 2.54, and 1.2 
g/cm3 respectively.  
6. Excess air rate 
To ensure there is enough oxygen to completely react with the fuel, extra combustion air is usually supplied. This extra 
air, called “Excess Air,” is expressed as the percent air above the amount theoretically needed for complete combustion. 
In real-world combustion, the excess air required for gaseous fuels is typically about 15 percent. Significantly more may 
be needed for liquid and solid fuels .A good estimate of excess air can be determined using the following formula. This 
calculation uses the oxygen concentration measured in the exhaust. If the CO concentration is very high, it may also be 
included in the air calculation. 

% O2 measured 
                                        % of excess air =  
                                                                          20.9 - % O2 measured 
7. Soot, scale, formation: 
Soot is the black smoke commonly seen in the exhaust of diesel trucks, and is present whenever fuel oils or solid fuels 
are burned. Excessive soot is undesirable because it indicates poor combustion and is responsible for coating internal 
heat transfer surfaces, preventing good thermal conductivity. Over time, serious damage to the heat exchanger can 
occur. Soot is primarily unburned carbon, and is formed for the same reasons CO is formed— insufficient combustion 
air, poor mixing and low flame temperature. As with CO, it is usually impossible or impractical to entirely eliminate soot 
formation for some fuel types. We discussed already about scaling in reason for High stack temperature of boiler. Due to 
improper treatment systems scaling may occur inside water tubes in water tube boiler. Soot formation in Coal and Fuel 
oil fired boilers will cause scale formation and reduces the effective heat transfer area in a fire tube boilers. Physical and 
Chemical cleaning methods to be adopted to restore the heat transfer during the shutdown of the boilers. During normal 
operation effective soot blowing operation is to be carried out to remove the soot’s from the surfaces, which influences 
the boiler efficiency to a great extent. 
8. Incomplete combustion 
Incomplete combustion results in CO emission which pollutes the environment and also decreases the efficiency. In Coal 
fired boilers particle size is an important parameter to be controlled. Too fine particles increases the grinding mill power 
consumption and too coarse particles results in incomplete combustion and unburnt losses will raise. Particle size is 
optimized taking care of the two. 
 

 
Figure.3  % rated capacity and % efficiency rates 
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Figure. 4  Flue gas temperature and % efficiency 

 

 
 

Figure.5 Methane and H/C ratio 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure .6 Boiler efficiency for each load and boiler efficiency 
 

CONCLUSION 
In conclusion, addressing insulation losses in boilers is paramount for optimizing energy efficiency, minimizing operational 
costs, and ensuring the longevity of industrial equipment. Through a comprehensive understanding of the various 
mechanisms contributing to insulation loss, industries can implement targeted strategies to mitigate these inefficiencies 
effectively. By upgrading insulation materials, increasing thickness, sealing gaps, and applying reflective coatings, significant 
reductions in heat loss can be achieved. Furthermore, incorporating advanced insulation technologies, implementing 
maintenance programs, and optimizing boiler operating conditions are essential steps toward minimizing insulation losses 
over the long term. Ultimately, by prioritizing insulation improvements and adopting a proactive approach to energy 
management, industries can realize substantial energy savings, enhance sustainability efforts, and maintain competitive 
advantages in today's dynamic industrial landscape. 
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