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Abstract— In this work, a thermodynamic analysis of a coal 

based thermal power plant has been carried out. The energy 

supply to demand narrowing down day by day around the 

world, the growing demand of power has made the power 

plants of scientific interest, but most of the power plants are 

designed by the energetic performance criteria based on first 

law of thermodynamics only. The real useful energy loss 

cannot be justified by the fist law of thermodynamics, 

because it does not differentiate between the quality and 

quantity of energy. The energy analysis of Bhavnagar Energy 

Company Limited thermal power plant is taken up. The total 

generating capacity of this power plant is (2*250 MW). 
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I. INTRODUCTION 

Coal dominates the energy mix in India, contributing to 55% 

of the total primary energy production. Over the years, there 

has been a marked increase in the share of natural gas in 

primary energy production from 10% in 1994 to 13% in 1999. 

There has been a decline in the share of oil in primary energy 

production from 20% to 17% during the same period. 

Economic growth is desirable for developing countries, and 

energy is essential for economic growth. However, the 

relationship between economic growth and increased energy 

demand is not always a straightforward linear one.  

The first law of thermodynamics, also known as the 

conservation of energy principle, provides a sound basis for 

studying the relationships among the various forms of energy 

and energy interactions. Based on experimental observations, 

the first law of thermodynamics states that energy can be 

neither created nor destroyed during a process; it can only 

change forms. Therefore, every bit of energy should be 

accounted for during a process. 

Energy consumption is one of the most important 

indicator showing the development stages of countries and 

living standards of communities. Population increment, 

urbanization, industrialization result directly in increasing 

energy consumption. This rapid growing trend brings about 

the crucial environmental problem such as contamination and 

green-house effect. So it is necessary to reduce the waste of 

energy and try to utilize maximum amount of energy with 

minimum losses. 

II. CFBC TECHNOLOGY 

The CFBC boilers operates under a special fluid dynamic 

condition, in which the fine solid particles are transported and 

mixed through the furnace at a gas velocity exceeding the 

average terminal velocity of the particles. The major fraction 

of solids leaving the furnace is captured by solid separator 

and re-circulated back to the base of the furnace. CFB uses 

greater combustor superficial gas velocities than the bubbling 

fluidized bed technology. CFB system operates in a fluid 

dynamic region between that of BFB and a transport reactor. 

This fluidization regime is characterizes by high turbulence, 

solid mixing and the absence of a defined bed level. Instead 

of a well-defined solids bed depth, the solids are distributed 

throughout the furnace with a steadily decreasing density 

from the bottom to the top of the furnace. 

 
Fig. 1: 

III. ENERGY ANALYSES 

In an open flow system the energy transfer across the control 

surface includes work transfer, heat transfer, and energy 

associated with mass transfer. The net change (increase or 

decrease) in the total energy of the system during a process is 

equal to the difference between the total energy entering and 

the total energy leaving the system during that process. That 

is, 

(Total energy entering the system) – (Total energy 

leaving the system)= (Change in the total energy of the 

system). This relation is often referred to as the energy 

balance and is applicable to any kind of system undergoing 

any kind of process. 

A. Boiler:- 

1) Direct method:- 

This is also known as ‘input-output method’ due to the fact 

that it needs only the useful output (steam) and the heat input 

(i.e. fuel) for evaluating the efficiency. 

 
2) Indirect method:- 

The efficiency can be measured easily by measuring all the 

losses occurring in the boilers using the principles to be 

described. The disadvantages of the direct method can be 

overcome by this method, which calculates the various heat 

losses associated with boiler. The efficiency can be arrived at, 

by subtracting the heat loss fractions from 100.An important 

advantage of this method is that the errors in measurement do 

not make significant change in efficiency. 
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3) Heat loss due to Dry Flue Gas (%L1):- 

L1 = 
𝑚 𝑥 𝐶𝑝 𝑥 (𝑇𝑓− 𝑇𝑎 )𝑥 100

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
 

4) Heat Loss due to evaporation of water formed due to H2 

in fuel (%L2):- 

The combustion of hydrogen causes a heat loss because the 

product of combustion is water. This water is converted to 

steam and this carries away heat in the form of its latent heat.  

L2 =  
9 xH2∗{584+ Cp(Tf − Ta )}x 100

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
 

5) Heat loss due to moisture present in the fuel (%L3):- 

This moisture loss is made up of the sensible heat to bring the 

moisture to boiling point, the latent heat of evaporation of the 

moisture, and the superheat required to bring this steam to the 

temperature of the exhaust gas. This loss can be calculated 

with the following equation  

L3 =  
𝑀∗{584+ 𝐶𝑝(𝑇𝑓 − 𝑇𝑎 )}𝑥 100

𝐺𝐶𝑉𝑜𝑓𝑓𝑢𝑒𝑙
 

6) Heat loss due to moisture present in air (%) (L4):- 

L4 =  
𝐴𝐴𝑆∗𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟∗𝐶𝑝(𝑇𝑓−𝑇𝑎)∗100

𝐺𝐶𝑉 𝑜𝑓 𝑓𝑢𝑒𝑙 
 

7) Heat loss due to incomplete combustion (L5):- 

It Can Be Neglected Because We Assume Combustion Is 

Perfect Combustion 

8) Heat loss due to radiation and convection is taken as 

(L6):- 

Heat loss due to radiation and convection is taken as   1% 

9) Heat loss due to unburnt in fly ash (L7): 

L7 =  

𝑇𝑜𝑡𝑎𝑙 𝑎𝑠ℎ 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑

𝑘𝑔 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑏𝑢𝑟𝑛𝑡
∗𝐺𝐶𝑉 𝑜𝑓 𝑓𝑙𝑦 𝑎𝑠ℎ∗100

𝐺𝐶𝑉 𝑜𝑓 𝑓𝑢𝑒𝑙 
 

10) Heat loss due to unburnt in bottom ash (%) (L8): 

L8 =  

Total ash collected

kg of fuel burnt
∗GCV of bottom ash∗100

𝐺𝐶𝑉 𝑜𝑓 𝑓𝑢𝑒𝑙 
 

11) Circulating Waterpump: 

Hydraulic Power (Ph) = 
𝑄∗𝜌∗𝑔∗𝐻

1000
 

Power input to the pump (Ps) = Pm* ηmotor  

Pump efficiency =
Ph∗100

Ps
 

B. AIR PREHEATER: 

Ein =   mg (hg, in - hg.out) 

Eout= mpa(hpa, out - hpa, in) + mpa (hsa, out - hsa, in) 

Efficiency of Air Preheater = 
𝐸𝑛𝑒𝑟𝑔𝑦 𝑅𝑒𝑙𝑒𝑎𝑠𝑒  𝐸𝑜𝑢𝑡

𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑢𝑝𝑝𝑙𝑦 𝐸𝑖𝑛
 

C. Condenser: 

 
Fig. 2: 

Efficiency of condenser 

=
Temperature rise of cooling water

Temerature of steam−Inlet temperature of cooling wate𝑟
 

=
T𝑤,𝑜𝑢𝑡−Tw,in

Th
 

D. Super Heater: 

 
Fig. 3: 

Efficiency of air Super heater =(Energy release (Eout))/(      

Energy supply (Ein)) 

=
msup(hsup,out − hsup.in)

mg( hg,in− hg.out)
 

IV. RESULT AND DISCUSSION 

Component Energy loss efficiency 

Boiler (direct method) 149730 KW 71.34% 

CW pump 323.93KW 74.66% 

Air Preheater 1571.67 KW 97.1% 

Condenser 34.14KW 20.34% 

A. Boiler ASME method- Loss Analysis Result (on 100% 

MCR): 

 
Fig. 4: 

B. Efficiency Analysis Result (on 100% MCR): 

 
Fig. 5: 
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C. Boiler Efficiency: 
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Fig. 6: 

 
Fig. 7: 

 
Fig. 8: 

 
Fig. 9: 

 
Fig. 10: 

V. SCOPE OF FUTURE WORK 

Present work includes Energy analysis of CFBC plant system 

based on Thermodynamic topics. It is clear that improving a 

system thermodynamically without considering economics is 

misleading.  By using energy analysis, we can inspect, survey 

and analyze the whole flow of energy. Next step of this work 

is exergy analysis which is very useful for determining causes 

and types of irreversibility. The second law efficiency of the 

plant can help to differentiate between “QUALITY” and 

“QUANTITY” energy. 

Next most wide scope of the energy analysis is the 

“ENERGY AUDIT” which is very useful in conservations 

and management of energy and improves economics of 

energy. 

 

VI. CONCLUSION 

A. Boiler:  

Major heat loss is occurred due to Dry flue gasses in all the 

days. For example, for a 55MW load, Loss L1=14.69%.These 

losses are attributable to the temperature of the gasses leaving 

the furnace. Clearly, the hotter the gasses in stack, the less 

efficient is the boiler. The gases may be too hot for one of two 

reasons: 

1) The burner is producing more heat than is required for a 

specific load on the boiler: This means that the burner(s) 

and damper mechanisms require maintenance and 

recalibration.  

2) 2. The heat transfer surfaces within the boiler are not 

functioning correctly, and the        heat is not being 

transferred to the water. This means that the heat transfer 

surfaces are contaminated, and require cleaning Second 

major loss is due to Moisture present in the fuel. For 

example, for a 55MW load, Loss L3=8.78%. 

It is clearly seen that moisture in coal has a negative 

effect on the energy performance and all efforts are required 

from the mine till the coal is fired into the boilers, to ensure 

that moisture does not get added to the coal in extra amount 

and its heating value is preserved. 

B. Air-Preheater: 

The design efficiency of APH is the highest and equal to 

97.10%. It is because of the gas to gas heat transfer. Gas to 

gas heat transfer has highest heat transfer co-efficient. In 

actual practice, efficiency slight decreases. For example, for 

a 55MW load, efficiency is equal to 85.06%. 
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C. Circulating Water Pump 

CW pump has design efficiency equal to 73.66%. In actual 

practice, performance of the pump decreases. For example, 

for a 55MW load, CW Pump has efficiency is equal to 

42.60%. 

D. Condenser: 

Condenser has the main component where steam gives its all 

latent heat and converted into water. For a 55MW load, it has 

efficiency equal to 50%. 

E. Superheater: 

It is found that efficiency of a super heater decrease when the 

steam parameters (pressure and temperature) decrease. So, 

that the amount of superheat also decreases. For a 55MW 

load, it has efficiency equal to 38.29%. 
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