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Abstract: The rate of exploitation of the energy 
resources has been expanding over time and resulted in 
reduction of fossil fuel reserves. Efficiency of all resources 
is crucial both in environmental and economic sense. 
Using energy inefficiently creates waste in all the world’s 
economies. It has environmental impacts with regional, 
local and global implications.  

The key object is to adopt energy management in every 
field in order to reduce the wastage of energy sources and 
cost effectiveness without affecting productivity and 
growth.  

The broad scope of the energy audit and conservation 
study of captive cogeneration plant is as given below 

A) To study the entire thermal power plant operations 
and suggest means to improve energy efficiency 
wherever possible. This would include 
(i) Performance assessment of the two boilers and 

turbine to bring out potential areas for energy 
conservation, leading to fuel and cost savings 
where ever possible. 

(ii) Performance assessment of pumping system , 
which includes the boiler feed water pumps, main 
and auxiliary cooling or circulating water pumps, 
condensate extraction pumps,   to bring out 
potential areas for energy conservation, leading 
to energy and cost savings where ever possible. 

(iii) Performance assessment of fan system which 
includes, forced draft fans, induced draft fans and 
primary air fans to bring out potential areas for 
energy conservation, leading to energy and cost 
savings where ever possible 

(iv) Energy Audit of coal handling system (coal 
crusher) with a view to bring out energy 
conservation options where ever possible. 

(v) Energy audit compressed air systems in the ash 
handling plant, with a view to bring out energy 
conservation options where ever possible. 

B) To study the operational parameters and generate 
suitable methodology to bring out energy 
performance indicators that would enable day-to–day 
assessment of all the key thermal and electrical       
auxiliaries and monitoring of the plant on a sustained  

 

       basis. This project brings out in a holistic and simple 
fashion, the broad frame work and methodology 
required to be followed to conduct an energy audit 
and conservation study in a typical cogeneration 
plant. 
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PROBLEM STATEMENT 

Energy audit and conservation in a cogeneration plant, 
involves pains taking task with enormous amount of duty 
parameters that need to be monitored measured and 
analyzed in a systematic manner to bring to maximum 
possible energy conservation options. 

This project has attempted to address the potential 
energy conservation options which has a major impact on 
reduction of energy consumption and energy cost savings 
in a cogeneration plant and with an objective to provide a 
frame work for instituting an energy audit in a 
cogeneration plant along with evaluation methods and 
analysis to bring out meaningful and substantial energy 
conservation options, in a easy to implement manner. 

This project work would serve as a reference guide to any 
practicing engineer to conduct with ease an energy audit, 
in a facility as complex as cogeneration plant, in a 
professional manner. 

 

1. INTRODUCTION 

Cogeneration is defined as the sequential generation of 
two different forms of useful energy from a single primary 
energy source, typically mechanical energy and thermal 
energy. Mechanical energy may be used either, to drive an 
alternator for producing electricity, or rotating equipment 
such as motor, compressor, pump or fan for delivering 
various services. Thermal energy can be used either for 
direct process applications or for indirectly producing 
steam, hot water, hot air for dryer or chilled water for 
process cooling. The overall advantage of cogeneration 
plant when compared to conventional plant are discussed 
below and depicted in Figure1.1. 
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Figure 1.1: The comparison of input and outputs 

‘Cogeneration VS conventional plant’ 

 
ENERGY SCENARIO                                            

Electrical Energy Generation Trend 

The Monthly Gross Electrical Energy Generated from the 
captive cogeneration Power plant is presented in the 
Figure 4.1 below: 

 

 
Figure 4.1: Power Generation Trend 

 
ENERGY USAGE BREAKUP: 

The following table presents, the trend of usage pattern of 
total electrical energy generated in the plant. The Main 
consumers are Power plant auxiliaries, textile unit 
connected to the plant and the power exported to grid. 
The Table 4.1 given below gives the break-up of power 
consumption of various consumers. 

 
Table 2.1: Energy Break up of captive cogeneration power 

plant 

 
The above table can be presented as shares in power 
generation in following Pie Chart. 

 

 
Figure 4.2: Share of Power distribution 

 

The Steam consumed by turbine for power generation 
and for processing by textile units from the above steam 
generated quantity is presented in Figure 4.3 below. 

 
Figure 4.3: Steam Distribution to Turbine and Textile Unit 
 
As seen from the above trends, the turbine accounts for 
around 72% (748.15 TPD) of total generated steam while, 
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the textile units accounts for the balance 28% 
(290.35TPD). 
 
COAL PURCHASED AND CONSUMPTION TREND 
The monthly Coal purchased quantity (as received), coal 
consumed (as fired) (tons) and also purchase cost of coal 
(at the plant) by the plant for the period 2012-13 & 2013-
14, is presented in Table 4.3 as under: 

Table 4.3: Details of coal purchased and consumed 

 
 

5. FIELD OBSERVATIONS AND EVALUATIONS 

5.1 Boiler Thermal Efficiency Assessment  

The method of performance assessment chosen is the 
indirect method of heat loss and boiler efficiency as per 
BIS standard 8753 and the employed relationships can be 
seen in boiler loss assessment calculations presented. 

Note: TM: Total Moisture in coal, IM: Inherent Moisture in 
coal, VM: Volatile matter in coal, FC: Fixed carbon in coal, 
GCV: Gross calorific value of coal, ARB: As received basis, 
ADB: Air dried basis, DB: Dry basis. 
 
5.2 Turbine Thermal Efficiency Assessment  

Performance assessment of turbine system, based on ‘As- 
run trials’ was conducted during filed visits with the 
objective of validation against design /PG test values. The 
‘As- run trials’, findings are envisaged to help in assessing 
the performance, vis-à-vis design/PG values, factors and 
parameters affecting performance, key result areas for 
improvement and attention. 

Table 5.2.1 Summary of Turbine cylinder efficiency 

 
 

5.2.2 Turbine Cycle Heat Rate 

Along with turbine cylinder efficiency assessment the 

‘Turbine Cycle Heat Rate’ value which is a key 

performance indicator and defined as the ratio of energy 

input to the turbine cycle to the net electrical generation 

arrived at the relevant trial parameters. 
 

Table 5.2.2 Evaluation of overall turbine heat rate 

 
Table 5.2.3: Evaluation of heat load calculations 

 
The Heat load of turbine is at as 
run condition 

= 28.6 million 
Kcal/hr. 

In comparison the design Heat 
Load 

= 27.53 million 
Kcal/hr 

 

5.3 PERFORMANCE ASSESSMENT OF CONDENSER 
The assessment of condenser performance is important to 
determine equipment performance degradation.  The “As 
run performance tests” can be used as the base line for 
evaluating the performance improvement activities, as 
well as maintenance efficiency. Before the actual 
assessment is done, the list of condenser operating 
parameters are monitored and corresponding transducer 
reference in the data acquisition system were identified 
and the same was monitored every 60  minutes interval. 



          International Research Journal of Engineering and Technology (IRJET)               e-ISSN: 2395-0056 
               Volume: 02 Issue: 01 | Apr-2015           www.irjet.net                                                      p-ISSN: 2395-0072 

 

 

  
Table 5.3.3: Calculations showing Predicted condenser 

vacuum improvement 

 
 

A profile of desirable vacuum conditions at varying inlet 
CW temperature from 28OC to 36OC, with 8OC as CW 
Temperature raise and 3OC as approach, are as follows 
 

Table 5.3.4: Desirable Vacuum conditions at varying inlet 
temperatures 

 
5.4 ENERGY PERFORMANCE ASSESSMENT OF HP 
HEATER 

The performance of the HP heater (HPH) was assessed 
based on as-run duty parameters. These measured 
parameters were chosen based on various aspects of HPH 
performance that were desired to be monitored and 
assessed. To ensure consistency and reliability of as-run 
data for the performance assessment of HPH, the data was 
grouped and captured at regular one hour intervals by the 
data acquisition system. 
 

Table 5.6.1: Performance Evaluation of APH 

 
 

5.7 ENERGY PERFORMANCE EVALUATION OF 
COOLING TOWER  

The performance of the Cooling Tower (CT) was assessed 
based on as-run duty parameters which were measured at 
site location. These measured parameters were chosen 
based on various aspects of Cooling Tower performance 
that were desired to be monitored and assessed. To 
ensure consistency and reliability of as-run data for the 
performance assessment of Cooling tower, several sets of 
measurements were taken and averaged. The cooling 
Tower performance was conducted in afternoon period. 

The performance of the I.D fans was assessed based on as-
run duty parameters. These parameters were chosen 
based on various aspects of ID fans performance that was 
desired to be monitored and assessed. To ensure 
consistency and reliability of as-run data for the 
performance assessment of ID Fans, the data was grouped 
and captured at regular one hour intervals by the data 
acquisition system. This information was captured over a 
period of four days.   

 

5.14 ENERGY PERFORMANCE EVALUATION OF 
PRIMARY AIR FAN 

The performance of the PA fans was assessed based on as-
run duty parameters.  These measured parameters were 
chosen based on various aspects of PA fans performance 
that were desired to be monitored and assessed.  To 
ensure consistency and reliability of as-run data for the 
performance assessment of PA Fans, the data was 
grouped and captured at regular one hour intervals by the 
data acquisition system.  This information was captured 
over a period of four days.   
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Table:5.14.1 Energy Performance of PA Fan –II Boiler-1 

 
 

5.14.2 Observations for BH-100 
 A

s seen, the as-run air flow rate of PA fan II of BH100 is 
measured to be 7253 m3/hr (@171oC) as against a 
rated flow rate of 14580m3/hr. The as-run air flow 
rate is nearly 75% lower than the rated value.  

 I
t is also seen that the operating head developed by 
the fan is 445 mmWC against a rated value of 770 
mmWC which again is 36% lower than rated. 

 I
n spite of huge margins on flow as well as head, the 
margin on power in merely 20%, which is indicative 
of inefficient operation of PA fan-motor system. 

 T
he above performance parameters show that the PA 
fan II of boiler BH100 is performing below par on the 
efficiency front with an as-run efficiency of around 
25.4%. This is very low compared to expected 
efficiencies of at least 75%.   

 T
he fans are operating at 95% of full rated speed 
through VFD action. 

The following table 5.14.2 encapsulates the key rated and 
operating duty parameters of Boiler-BH-101 PA fan II. 
Table 5.14.2: Energy Performance of PA Fan -II  

Boiler-BH101 

 

 
*Note: 10% of the FD air total flow is considered for PA fan 
flow (As per CVL the design PA flow is factored at 8.33% of 
FD flow. 
 

Table 5.16.1: Performance of air compressors 

 

6. RESULTS AND DISCUSSIONS (ENCONS) 

6.1 ENCON IN BOILERS 

(i) The average boiler heat losses are 23.13 % and 
23.37% as against design value of 15.16% and 
14.93% for BH100 and BH101 respectively which 
are a combination of controlled and uncontrollable 
heat losses.   



          International Research Journal of Engineering and Technology (IRJET)               e-ISSN: 2395-0056 
               Volume: 02 Issue: 01 | Apr-2015           www.irjet.net                                                      p-ISSN: 2395-0072 

 

 

(ii) The controllable losses like combustible loss in ash, 
unburnts in flue gas, sensible heat loss to dry flue gas 
in as run boiler trials are higher at 11.99% and 
11.84% as against design of 8.58% and 7.71% in 
BH100 and BH101 respectively. Based on as-run 
boiler efficiency trails, it is seen that there is a 
margin of 7-8% between present boiler thermal 
efficiency and design efficiency. It is possible 
through simple practical interventions to improve 
boiler efficiency by around 2 to 3%. 

Table 6.1.1: Rationale of Energy Saving By improving 
Boiler Efficiency 

 
 

(iii) The ID fans are equipped with VFD at 50hz and is 
operating very close to full load RPM (almost 96% of 
rated RPM). There is very little room left for 
operating flexibility, in-case of need, as the VFD is at 
50Hz and has no scope for any further speed 
increase. The existing input power of ID fan motor 
for boilers BH100 & BH101 are 32.77kW & 33.01kW 
and 32.02kW & 33.57kW respectively. It would 
augur well, from the point of view of operational 
flexibility to have a single large fan with a margin of 
10% on flow and head, and accordingly size the VFD 
such that it operates at 75% of its maximum speed 
capability with ID fan at full rated duty conditions. 
Due to larger duct diameter and elimination of 
mismatch of flow distribution, around 20mmWC 
pressure drop reduction can be expected. 

Table 6.1.2: Rationale of Energy saving by changing to 
Single ID fan with VFD per boiler from present system 

 
 

(iv) The differential O2 analysis was conducted in the flue 
gas path between Economizer out and ID fan out and 
it was found that the O2 at Eco out, which figured on 
an average at around 2.5% in both the boilers, 

increased to around 9% at APH outlet and further to 
10% at ID fan outlet. This is a sure indication of false 
air ingress into the ID fan suction path between Eco 
out and ID fan in, thus adding unwanted burden on 
to the ID fan by way of false air ingress. The quantity 
of false air ingress amounts to around 39TPH 
(considering average 55TPH as actual air supplied), 
which around 69 to 71% over and above the actual 
air quantity that is required to be handled by ID fan. 
Presently the two ID fan together draw around 
66kW which is expended towards handling this 
excess unwanted ingress air besides the actual flue 
gas quantity. If at-least 50% of this ingress air is 
eliminated (by sealing of all possible ingress air 
points along the flue gas path between Eco out and 
ID fan in) it would be reduce the combined twin fan 
power consumption from the existing 66kW by 
around 12.5kW at full load. The reduction of 12.5kW 
load on ID fan per boiler amount to a monetary 
savings of Rs.9.1 Lakhs per annum for two boilers. 
This would also allow the presently saturated VFD to 
kick-in and be able to operate the ID fans at lower 
speeds. The maximum investment of Rs. 2lakhs 
towards sealing false air ingress would be paid back 
in around 3 months. 

 

Table 6.1.3: Rationale of Savings by arresting False air 
ingress in Flue gas path 

 
 

Table 6.1.4: Rationalization of measured values of  
Air viv-a-vis calculated 
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Table 6.1.5: Rationale of Energy Saving By insulating 
Furnace area of BH 101 

 
 

6.2 ENCONS IN TURBINES 
Based on the As-Run turbine performance test, the 
performance parameters of turbine systems are 
summarized as below:  

Table 6.2.1: Rationale for Heat Rate loss of turbine 

 
 

6.3 ENCONS IN CONDENSER 

(i) It is recommended to install an accurate vacuum 
gauge for regular monitoring of performance. (with 
mbar reading). 

(ii) The CW flow to condenser needs to be enhanced to 
2700 CMH (rated condition) by improving the 
performance of the MCW pumps.  

Table 6.3.1 Power savings envisaged by installing air 
cooled condenser 

 
 

Table 6.3.2: Rationale for energy savings for condenser 
vacuum 

 
 

7.0 RECOMMENDATIONS AND CONCLUSIONS 

The energy audit of a cogeneration plant has brought out 
several options that result in reduction in energy 
consumption. 

Boiler Thermal Efficiency  

The method of performance assessment chosen for Boiler 
evaluation is the indirect method of heat loss and boiler 
efficiency as per BIS standard 8753. The Thermal 
efficiencies of the boiler were evaluated at 76.87% against 
the PG test efficiency of 84.84% for the Boiler BH100 and 
76.63% against a PG test efficiency of 85.07% for Boiler 
BH101. The controllable losses like combustible loss in 
ash, unburnts in flue gas, sensible heat loss to dry flue gas 
in as run boiler trials are higher at 11.99% and 11.84% as 
against design of 8.58% and 7.71% in BH100 and BH101 
respectively. Based on as-run boiler efficiency trails, it is 
seen that there is a margin of 7-8% between present 
boiler thermal efficiency and design efficiency. It is 
possible through simple practical interventions to 
improve boiler efficiency by around 2 to 3%. (Average 
2.5%). 

Turbine thermal efficiency assessment 

The turbine cylinder efficiency was evaluated to be 
around 86.26% as against the design value of 89.6%.  The 
as-run turbine heat rate has been evaluated at 3074 
kCal/kWh, as against the design turbine heat rate of 2743 
kCal/kWh and the Rankine cycle efficiency is evaluated at 
27.97% as against design efficiency of 31.3%. The as-run 
heat load on the turbine works out to 28658793 kCal/hr 
as against the design value of 27539949 kCal/hr. 

Economizer Performance 
The effectiveness of the economiser is seen to be higher in 
as-run condition (30% for boiler BH-100 and 29.7% for 
boiler BH-101, as against design value 28.6%). This is 
again indicative of the good condition of the economiser 
and slightly elevated performance, in as-run condition. 

This cogeneration plant for textile unit has an overall 
saving potential of around 34.05 Lakh Units/yr electrical 
and 5065 Tons of coal per year. Implementing all of the 
above options is likely to mitigate Green House gas 
emission equivalent to around 11,334 Tons of CO2/yr 
worth 11,334 CER (Certified Emission Reduction) in the 
International Market as per Kyoto Protocol. 



          International Research Journal of Engineering and Technology (IRJET)               e-ISSN: 2395-0056 
               Volume: 02 Issue: 01 | Apr-2015           www.irjet.net                                                      p-ISSN: 2395-0072 

 

 

 
8. FUTURE SCOPE 

This thesis report details the methodology for conducting 
and evaluating energy conservation and audit for a 
cogeneration plant of 10 MW capacities. In future a 
comparative study can be done among the captive 
cogeneration plants of similar capacities with the plants 
having latest technologies like organic Rankin cycle, ash 
water reclamation, decentralization of compressed air 
system, high pressure roller mills, etc.  
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