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Abstract-This thesis provides an overview of a general energy conservation measures (ECMs) that can be commonly 
recommended for BHEL Tiruchirapalli. This paper work presents such energy saving methods in a methodological 
approach, experienced during a detailed energy audit of BHEL. An energy audit is a study of a plant or facility to determine 
how and where energy is used and to identify methods for energy savings. Lighting is an essential service in all the 
industries. The power consumption by the industrial lighting varies between 2 to 10% of the total power depending on the 
type of industry. Innovation and continuous in the field of lighting, has given rise to tremendous energy saving opportunities 
in this area. PV systems are non-polluting, and provide a very reliable source of power. They are relatively easy to install 
and have a long span of approximately 25 years. The work of this paper is reduce the lighting cost by replacing the High 
Pressure Sodium Vapour lamp(HPSV) by Induction lamp and designing of suitable solar system for Bay lighting in cold 
mill. Simulation results are carried out by using SMA off grid configurator. 
 
Keyword-Energy Audit, Energy Conservation, Data Collection, Economic analysis, Induction light, Solar Photovoltaic 
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I. INTRODUCTION 
 
Energy is one of the major inputs for the ec+onomic 
development of any country. Power capacity has risen 
at the rate of 5.87% per annum over the last 25 years. 
India’s industrial demand accounted for 35% of 
electrical power requirement, domestic household use 
accounted for 28%, agriculture 21%, commercial 9%, 
public lighting and other miscellaneous applications 
accounted for the rest. So some steps are required to 
conserve the energy globally using systematic 
approach. However a more comprehensive method in 
checking energy usage and wastage is the "Energy 
Audit". Energy audits do not provide the final answer 
to the problem. This identifies where the potential for 
improvement lies, and therefore, where energy 
management efforts must be directed. An energy 
audit is first step towards understanding how energy 
is being used in a given facility. Energy Audit is 
considered as one of the comprehensive methods in 
checking the energy usage and wastage in buildings. 
The process of energy audit includes, historical 
energy data collection, formulation of energy audit 
programme to the actual implementation. We conduct 
an electrical energy audit in cold mill, where 
seamless steel tubes are manufactured and find the 
energy conservation measures. 
 
II. ENERGY AUDIT 
 
Energy audit is the key to a systematic approach for 
decision making in the area of energy management. It 
attempts to balance the total energy inputs with its 
use and serves attempts all the streams in the facility. 
It quantifies the energy usage according to its 
functions. Industrial energy audit is an effective tool  

 
in defining any pursuing comprehensive energy 
management program. As per the energy 
conservation act 2001, Energy Audit is defined as the 
verification, monitoring and analysis of use of energy 
including submission of technical report containing 
recommendations for improving energy efficiency 
with cost benefit analysis and an action plan to reduce 
energy consumption. 

 
2.1 Energy audit methodology 

 Define scope of an energy audit 
 Discussion with plant personnel 
 Analysis of past performance data 
 Collecting building information 
 Site inspection and measurement 
 Analysing data collection 
 Replace HPSV by Induction lamp  
 Design a solar system for bay lighting 

 
2.2 Electrical load in cold mill 
        Electrical energy audit in cold mill results the 
275 HPSV lamps of 400W in three bays.  
 

 
Table 2.2.1 electrical load in cold mill 

 

 
Table 2.2.2 parameters of HPSV light 
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2.3 Comparision of different types of lamps 
By comparing the different types of lamps, we 
conclude that the induction light is suitable for bay 
lighting in an efficient manner. 
 

 
Table 2.3 Comparision of different types of lamps 
 
III. INDUCTION LAMP  
 
To overcome the disadvantages of High Pressure 
Sodium Vapour lamp (HPSV), the Induction lamp 
can be preferred for bay lighting. In place of 400w 
HPSV lamp, 200w induction lamp is used.Induction 
lighting is based on technology that is fundamentally 
different from conventional gas sources or 
incandescent lamps. Instead of electrodes used in gas 
discharge lamps or the glowing filament of 
incandescent, light generation is by means of 
induction the transmission of energy by way of a 
magnetic field combined with a gas discharge. The 
principle is the same as that of an electrical 
transformer (Figure 3. 1). An alternating current (Ip) 
in the primary coil induces a corresponding 
alternative magnetic field in the core and the 
surrounding space. This magnetic field in turn 
induces a current of the same frequency (Is) in the 

secondary coil. The higher the frequency of the 
alternating current, the higher the overall efficiency 
of the system, and the more compact the system can 
be. 
 

 
Figure 3.1 Induction lamp 

 
3.1 Savings in replacement of lamp 
 

 
Table 3.1 savings in replacement of lamps 

 
3.2 Calculation for induction lamp 
 HPSV            = 275 × 400w × 12 × 365 ̸  1000 
                         = 4,81,800 kWh 
 INDUCTION= 275 × 200W × 12 × 365 ̸  1000 
                         = 2,40,900 kWh 
Annual energy savings by replacing with  
200w induction lamp = 4,81,800 – 2,40,900 
                                   =  2,40,900 kWh 
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Annual cost of energy saved= 2,40,900 × Rs.7 
                                              = Rs.16,86,300 
Cost of implementation of 275 induction lamp                                                
= 275 × Rs.12,300 
                                              =Rs.33,82,500 
Payback period = Implementation cost  ̸  Annual cost 
of energy saved 
                               =  33,82,500 ̸  16,86,300 
                              =  2 years 
For every year, in electricity bill Rs.16,86,300 will be 
saved for implementing induction lamp instead of 
using High Pressure Sodium Vapour lamp. Rs 33, 
82,500 will be get back within two years. Induction 
lamp having the warranty of five years. And lifetime 
of induction lamp is 100,000 hours. For twelve hours 
working in cold mill, the lifetime of induction lamp is 
22 years. For 22 years, Rs.3,71,05,200 is saved 
without the maintainace cost.  
  

 
Figure 3.2 energy conservation of using induction lamp 

 
IV. SOLAR SYSTEM 
T 
he solar cells are based   on  the  principles  of 
photovoltaic effect. The photovoltaic effect is the   
photo generation of charge carriers in a light 
absorbing materials as a result of absorption of light 
radiation. Solar cell consists of a n-type 
semiconductor (emitter) layer and p-type 
semiconductor layer (base). The two layers are 
sandwiched and hence there is formation of p-n 
junction. The surface is coated with anti-refection 
coating to avoid the loss of incident light energy due 
to reflection. A proper metal contacts are made on the 
n-type and p-type side of the semiconductor for 
electrical connection  
 
4.1 Working 
When a solar panel exposed to sunlight , the light 
energies  are absorbed by a semiconductor material. 
Due to this absorbed energy, the electrons are 
liberated  and produce the external DC 
current. The DC current is converted into 240-volt 
AC current using  an inverter for different 
applications. 

 
4.2 Mechanism 
First, the sunlight is absorbed by a solar cell in a solar 
panel. The absorbed light causes electrons in the 
material to increase in energy. At the same time 
making they are free to move around in the material. 
However, the electrons remain at this higher energy 
for only a short time before returning to their original 
lower energy position. Therefore, to collect the 
carriers before they lose the energy gained from the 
light, a PN junction is typically used. 

• A PN junction consists of two different 
regions of a  semiconductor material 
(usually silicon), with one side called the p 
type region and the other the n-type region.  

•  During the incident of light energy, in p-
type material, electrons can gain energy and 
move into the n-type region.  

•  Then they can no longer go back to their 
original low  energy position and 
remain at a higher energy.  

•  The process of moving a light- generated 
carrier from p type region to n-type region is 
called collection. 

These collections of carriers (electrons) can be either 
extracted from the device to give a current, or it can 
remain in the device and gives rise to a voltage. The 
electrons that leave the solar cell as current give up 
their energy to whatever is connected to the solar cell, 
and then re-enter the solar cell. Once back in the 
 solar cell, the process begins again. 
 
4.3 Block diagram of solar system 
The solar photovoltaic system is designed for 
supplying power to the bay lighting in cold mill, 
BHEL. 50kW Standalone system is preferred for EF 
bay.250wp polycrystalline material is used for the 
system. Gel battery is used for the storage system. 
Charge controller is used to protect the battery from 
over charging. Inverter is used to convert the dc 
power to the ac power. Finally, supply goes to the 
induction lamp. 
 

 
Figure 4.3 Block diagram of solar system 
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Table 4.3 Components of solar system 

 
4.4 Calculation of solar system for EF bay 
90×200w×12=2,16,000Wh 
2,16,000/4.5=48,000 
                       =48kW 
1kW=Rs.1,00,000 
48kw=Rs.48,00,000 
Electricity bill for 90 lamp per year=Rs.5,51,880 
Electricity bill for 90 lamp for 
25years=Rs.1,37,97,000 
Savings=1,37,97,000-50,00,000 
            =Rs.87,97,000 
20% System losses=Rs.17,99,400 
Payback period=48,00,000/5,51,880 
                            =8.69 years  
 
4.5 Investment and savings of both induction       
lamp solar system  
Total investment for implementing induction lamp 
and solar pv system = Rs.33,82,500 + 50,00,000 
                           = Rs.83,82,500 
Savings = Rs.3,71,05,200+69,97,600 
              = Rs.4,41,02,800 
 
V. SIMULATION RESULTS 
 

 
Figure 5.1 energy usage versus  month 

 
Figure 5.2 performance ratio 

 

 
Figure 5.3 irradiation 

 
 

 
Figure 5.3 Temperature 

 

 
Figure 5.4 consumption 

 

 
Figure 5.5 battery storage 
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Figure 5.6 pv generation power 

 

 
Figure 5.7 cluster 

 
CONCLUSION 
 
Electrical energy audit was carried out in Bharat 
Heavy Electricals Limited, Trichy as per standards 
provided by bureau of energy efficiency and data was 
critically analyzed to benchmark major power 
consuming sections within the industry. These causes 
reduce energy consumption and conserve both the 
energy and the money. These energy savings will add 
up to improve the environment by reducing 
greenhouse gases and also the cost reduction in 
electricity bill of the BHEL Tiruchirapalli. 
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