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Abstract

Micro, Small and Medium Enterprises (MSMES) provide enormous employment potential and have been found to promote and
accelerate development at significantly low capital investment. In recent years the sector has registered higher growth rate
compared to the overall industrial sector and has shown admirable innovativeness and adaptability to survive the recent economic
downturn. However, despite the significant contributions this sector too faces several critical issues like prevalence of age old
technologies which brings inefficiencies associated with resource and energy utilization with it which requires immediate attention.
Most foundry units fall under MSME category in India. 12.24% of global castings are produced in India. If energy intensity per
unit production of MSME foundry in particular is to be brought closer to that of organized large scale sectors then energy
conservation is the only way that can do so with efficient use of energy and steep rejection of energy wastage without suppression
of demand for energy use. Energy conservation opportunity of a foundry unit has been explored in this work.
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I. INTRODUCTION

Energy is an indispensable component of everything around us and hence its use must be confined to a minimum for efficient and
economic operation [1]. Industries use a large amount of electrical energy which is most expensive and the most important form
of purchased energy, and that is why it is important to ensure a loss-free and energy-efficient system in industries [2]. Because of
its flexibility, electricity offers advantages over the conventional fossil fuels, and efforts to conserve electricity can result in
significant cost savings [3]. In developing countries like India, where electrical energy resources are scarce and production of
electricity is very costly, energy conservation studies are of great importance. There is a good scope of energy conservation in
various sectors, viz., industry, agriculture, transport and domestic. The gap between supply and demand of energy can be bridged
with the help of energy conservation which starts with energy audit. Energy audit is translation of conservation ideas into realities
by blending technically feasible solutions with economic and other organizational considerations within a specified time frame [4].
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. Energy audits can mean different things to different individuals. The scope of an energy audit, the complexity of
calculations, and the level of economic evaluation are all issues that may be handled differently by each individual auditor and
should be defined prior to the beginning of any audit activities [5],[6]. If we can reduce the energy usage or improve the energy
efficiency in mechanical and electrical installations in a plant, energy can be conserved and some of the resulting environmental
problems, such as greenhouse effect and ozone depletion, can be alleviated. The energy audit of a foundry unit has been explored
in this work.

I1. ENERGY AUDIT

In foundry, 70% of operating expenses are found to be on energy (both electrical and thermal) thus energy management function
constitutes a strategic area for cost reduction. Energy audit will help to understand more about the way energy is used in foundry,
and help in identifying the areas where waste occurs and where scope for improvement exists and to what extent. In simple words
it will aid in exploring ways to reduce energy consumption per unit of casting produced.

It would also give a positive orientation to the preventive maintenance and quality control programs which are vital for
production and utility activities. It will also help to keep focus on variations which occur in the energy costs, availability and
reliability of supply of energy, decide on appropriate energy mix, identify energy conservation technologies, retrofit for energy
conservation equipment etc. It would provide a much needed “bench-mark™ for managing energy in the organization and also the
basis for planning a more effective use of energy throughout the organization. The type of energy audit mostly depends upon the
function and type of industry where it is carried out, potential, cost reduction desired and level of commitment from management.
On broader level energy audit are classified as,

1) Preliminary Audit
2) Detailed Audit
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Identification and implementation of recommendations arising from an energy audit can deliver following benefits to the industry-
1) Setting energy efficiency targets for management.

2) Financial benefits in terms of reduced costs.

3) Operational benefits like improved productivity.

4) Environmental benefits such as sustainability, conservation of resources and emissions savings including green house effect.

I11. FIELD VISIT AND MEASUREMENT WORK

Jadhav F&E is one of leading casting manufacturer located at Shiroli MIDC in Maharashtra, India. It exports almost 70% of casting
produced to its clients located at USA, Germany, Italy, China etc and rest domestically to cater needs of various diverse sectors.
An exhaustive electrical and thermal energy audit was carried out and various data were collected related to the audit work, for
further analysis.

A. Plant:

The energy consumption of the factory was identified in terms of the equipment and functional area. The results were obtained

after measurements during the factory visits. Data loggers like ALM-31, power analyzers, clamp meters, etc. were used to measure

the electrical energy consumption of the factory.

The following points can be observed from this survey:

— The MSEB power supply is coming to the plant with the help of 11 kV feeders.

—  Present contract demand of the plant is 900 kVA.

—  There are two transformers of the rating 11 kV/433 kV, 315 kVA and one transformer of the rating 11 k\V/600 kV, 700 kVA.

— Total number of units consumed after taking average of past data is 1 lakh units per month.

— Bill demand per month on an average is close to 650 kVA.

— Power factor on an average is close to 0.97.

— Energy received from MSEB is further distributed into three different channels and fed to furnace, sand plant and for other
activities like lightning, pattern and core shop, office etc respectively.

K. Furnace:

Power and harmonic data for furnace was recorded for a period of 24 hrs using ALM-31 and data obtained is indicated in following
table 1-2 and figure 1-4.

Table—1
Power and harmonic data (avg.) recorded for furnace over period of 24 hrs
Parameter R Y B
Vrms ph-ph 458.01 | 455.6 | 453.33
Current 194.75 | 194.51 | 195.2
Frequency 50.01
Total kW 168.32
Total kVA 284.24
Total VAR -29.08
Power Factor (%) 0.68
Displacement Power Factor (%) 0.63
Total Harmonic Distortion - Voltage (%) | 5.93 6.21 6.15
Total Harmonic Distortion - Current (%) | 22.93 | 23.48 23.1

Table — 2
Minimum, average and maximum power factor, displacement power factor, total harmonic distortion (voltage & current) values recorded for
furnace over period of 24 hrs

Parameter Minimum Average Maximum
Power Factor (%) 0.63 0.68 0.74
Displacement Power Factor (%) 0.99 0.99 1
R Y B R Y B R Y B

Total Harmonic Distortion - Voltage (%) | 5.7 | 6.2 | 6.1 | 593 | 6.21 | 6.15 | 141 | 142 | 13.6
Total Harmonic Distortion - Current (%) | 21.7 | 22 | 22 | 2293 | 2348 | 23.1 | 1679 | 173.2 | 166.8
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Fig. 1: Voltage profile of furnace for a period of 24 hrs
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Fig. 2: Current profile of furnace for a period of 24 hrs
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Fig. 3: Power profile of furnace for a period of 24 hrs
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Power Factor Profile
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Fig. 4: Power factor profile of furnace for a period of 24 hrs

. Sand Plant:

Power and harmonic data for sand plant was recorded for a period of 1 hr using ALM-31 and data obtained is indicated in following
table 3-4 and figure 5-8.

Table -3
Power and harmonic data (avg.) recorded for sand plant over period of 1 hr
Parameter R Y B
Vrms ph-ph 435.8 | 436.3 | 434.4
Current 1315 | 139.1 | 132.9
Frequency 50.04
Total kW 41.17
Total kKVA 101.50
Total KVAR 91.97
Power Factor (%) 0.4
Displacement Power Factor (%) 0.43
Total Harmonic Distortion - Voltage (%) | 2.51 | 2.39 | 2.55
Total Harmonic Distortion - Current (%) | 5.38 | 4.49 | 4.59

Table -4
Minimum, average and maximum power factor, displacement power factor, total harmonic distortion (voltage & current) values recorded for
furnace over period of 1 hr

Parameter Minimum Average Maximum
Power Factor (%) 0.27 0.4 0.62
Displacement Power Factor (%) 0.27 0.43 0.64

R Y B R Y B R Y B
Total Harmonic Distortion - Voltage (%) | 1.5 | 1.5 | 1.6 | 251 | 239 | 255 | 42 | 42 | 44
Total Harmonic Distortion - Current (%) | 25 | 2 2 | 538|449 459988485
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Fig. 5: Voltage profile of sand plant for a period of 1 hr
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. Auxiliary Devices:
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Fig. 6: Current profile of sand plant for a period of 1 hr
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Fig. 7: Power profile of sand plant for a period of 1 hr
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Fig. 8: Power factor profile of sand plant for a period of 1 hr

3 3B00PM

Power data for auxiliary devices was recorded using clamp meter and data obtained is indicated in following table 5.

Table—5
Instantaneous power data recorded for other auxiliary devices
Panel Device \ [ kW PF
Blender 422 | 11 | 7.62 | 0.85
Conveyer 419 | 36 | 1.78 | 0.7
Mixer Mixer 416 | 436 | 7.76 | 04
Bucket elevator 421 | 47 | 1.91 | 0.99
Feeder belt 420 | 5.2 15 0.7
Furnace pump 428 | 31.8 | 421 | 0.2
sand-1 Raw water 434 | 6.3 1.3 0.8
Soft water 434 | 9.6 | 6.11 | 0.85
Molding machine 433 | 15.9 9 0.75
Sand-2 Hopper conveyor 434 | 58 | 3.34 | 0.78
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Bucket elevator-2 434 | 38 | 2.08 | 0.72
Main blower 434 | 14 437 | 042
Cooler vibrator 434 | 35 212 | 0.79
Rotatory valve 436 | 3.6 | 2.18 | 0.78
Reverse-Forward belt | 438 | 1.4 1 0.74
Sand silver 439 | 42 | 277 | 0.82
Bucket elevator-1 436 | 1.6 1 0.78
Knockout vibrator 436 | 3.6 2.17 0.8
Compressor 428 | 28.6 | 12.27 | 0.7

IV. RESULTS & DISCUSSION

After studying various processes and parameters associated with foundry, equipments’ specifications various opportunities for
energy conservation were observed. Out of all the recommendations reported on basis of cost associated to implement detailed
analysis of two are as noted below-

A. Reduce delivery pressure of compressor:

It was observed that most of the processes that were carried out in foundry required pressure equal to or less than 6 bar. On the
contrary, loading pressure of compressor was recorded as 7 bar. This excess compression used to cost 5184 kWh additional energy
annually which could now be saved by reducing the loading pressure to 5.7 bar. This results in saving of Rs. 0.4 lakh annually with
no additional investment. Compressor’s equipment specifications and cost benefit analysis of proposed solution is indicated in
following table 6 and 7 respectively.

Table—6
Technical specifications of compressor
Compressor
Description Unit Value
Make - Kaesar
Model - ASK28
Type - Screw
Free air delivery CFM 101
Compressor rated power kW 15
Design discharge pressure kg/cm? 8
Design specific energy consumption | kW/cfm 0.16
Volume of receiver m? 1
Volume of pipe m? 0.1
Volume of receiver + pipe m?3 1.1
Initial pressure kg/cm? 0.5
Final pressure kg/cm? 7.5
Atmospheric pressure kg/cm? 1.02
Air temperature °C 61
Ambient temperature °C 30
Time taken Min 2.68
Free air delivery m?/min 2.56
CFM 90.23
Power consumption kW 18.1
Specific power consumption kW/CFM 0.20
Percentage of rated FAD - 89%
Table -7
Cost benefit analysis of proposed solution
Compressor
Description | Units [ Value
Present system
Rated power consumption kW 15
Minimum final pressure bar 7
Free air delivery CFM 101
Unloading pressure bar 6
Loading pressure bar 7
Power consumption kW 18.1
Proposed system
Proposed unloading pressure bar 6
Proposed loading pressure bar 5.7
Power consumption after reducing the outlet pressure by 1 bar kW 17.3
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Estimated energy saving in a day kWh 17
Annual days of operation Days 300
Estimated annual energy savings kWh 5184
Energy cost Rs./kWh 7.2
Estimated annual cost savings Rs. (Lakhs) 0.4
Investment Rs. (Lakhs) NIL
Simple payback period Months Immediate

— Replace existing metallic fans in cooling tower with light weight fiber reinforced plastic fans: Cooling tower’s equipment

specifications is indicated in following table 8.
Table—8
Technical specifications of cooling tower

Cooling Tower
Description | Units | Values
Design Parameters
Water flow md/hr 97.0
Hot water temperature °C -
Cold water temperature °C -
Cooling capacity kCal/hr -
Operating parameters
Inlet water temperature °C 34.5
Outlet water temperature °C 28.4
Ambient wet bulb temperature °C 21.9
Ambient dry bulb temperature °C 30.7
Dry bulb temperature at cooling tower outlet °C 32.3
Wet bulb temperature at cooling tower outlet °C 24.8
C.T range °C 6.1
C.T approach °C 6.5
Enthalpy of air water vapour mixture at exhaust ho | kJ/kg 75
Enthalpy of air water vapour mixture at inlet hy kJ/kg 65
Effectiveness - 48%

During audit it was observed that metallic fan of one of the two cooling tower needed replacement. Metallic blades used for
cooling tower are usually heavy and hence consume more power hence proposal of replacing those with fiber reinforced plastic
was put forth. Advantage with use of fiber reinforced plastic fans are noted below-

Light in weight resulting in increased life of the mechanical drive of fans.
—  Consume less power for same air flow.
—  They have better flow rate.
— Improved erosion and corrosion resistance.
—  Lower noise levels.

Reduction in CO2 emission.
Cost benefit analysis of proposed solution is indicated in following table 9.

Table—9
Cost benefit analysis of proposed solution

Cooling Tower
Description [ Units [  Values
Design Parameter
Fan motor kW 15
Blade material - Aluminum
Fan motor power consumption kW 1.9
Area m? 0.785
Volumetric flow rate mé/hr 4.792.90
Savings after replacement of existing metal blade with fiber reinforced plastic blade
Fan motor power consumption kw 1.6
Savings in power consumption per hour kw 0.3
Daily operating hours Hrs 12.0
Energy savings per day kWh 3.4
Annual energy savings kWh 1,197.00
Annual monetary savings Rs. 8,618.40
Investment Rs. 7,000.00
Payback period Months 10

Power consumption with metallic fan and fiber reinforced plastic fan was measured and is indicated in following table 10 and
represented pictorially in figure 9.

All rights reserved by www.ijirst.org 7



Performance Enhancement of Foundry Industry by Energy Conservation Analysis
(1JIRST/ Volume 7 / Issue 7 / 001)

Table — 10
Power consumption data for metal and FRP blade

Power Consumption (kW)
Metal blade | FRP blade
1.9 1.6
1.89 1.58

2 1.55
2.07 1.75
1.78 1.51

Power Consumption Metal Vs. FRP blade

Fig. 9: Power consumption (kW) as function of time (Hrs)

It was observed and recorded that the power consumption with use of fiber reinforced plastic fan was almost 15% less when
compared to that when metallic fan is used. This results in saving of Rs. 0.09 lakh annually with payback period of 10 months.

V. CONCLUSION

The objective of this study was to explore the scope and impact of energy conservation measures in foundries. This study will help
facility managers and owners to understand the importance of energy conservation. Most of the electrical energy consumed in
foundries is utilized for melting metal in furnace. The power and harmonic analysis of furnace and sand plant manifest that there
is scope for power factor and harmonics improvement which have significant impact on cost incurred for electrical energy. Analysis
of recommendation discussed in paper proved that energy conservation measures have significant impact in foundries and will
promote efficient use of energy without suppression of demand.

ACKNOWLEDGEMENTS

I have great pleasure in presenting this research paper in this esteemed journal. I would like to take this opportunity to acknowledge
all those who helped me along the way and made meaningful contributions to this work. First, | would like to thank my Guide
Prof. R. H. Yadav for his excellent guidance and help. He stood by my side for this work and his valuable guidance, support &
encouragement throughout my project made my work possible. | would like to thank HOD Mechanical Engg. and Principal Dr. J.
J. M. C. O. E., Jaysingpur for his tremendous help and motivations. | would like to thank employees of Jadhav F&E for giving me
opportunity to carry out this work. A special thank dedicated to my beloved family and all my friends, for their continuing morale
supports and constant inspiration to my efforts in the completion of this work.

REFERENCES

[1] S. K. Aggarwal, M. Kumar, L. M. Saini, and A. Kumar, "Short-term load forecasting in deregulated electricity markets using fuzzy approach”, Journal of
Engineering and Technology, Vol. 1, no. 1, pp. 24-30, Jan- Jun2011.

[2] P.Z. Yaacohand A. A. Mohd. Zin, "Electrical energy management in small and medium size industries”, IEEE TENCON, Beijing, 1993.

[3]1 H. K. Wong, and C. K. Lee, "Application of energy audit in buildings and a case study", IEEE International Conference on Advances in Power System
Control, Operation and Management 1993, HongKong,Dec1993.

[4] A. Thumann, and W. J. Yonger, "Hand Book of Energy Audits”, 7 th ed, Lilburn: Fairmont Press Inc.; 2007.

[5] W.J. Lee, "Energy Management for Motors, Systems, and Electrical Equipment”, Industrial and Commercial Power Systems Technical Conference, IEEE,
2001.

[6] B. Huyck, and J. Cappelle, "Electrical energy management for low-voltage clients”, International Conference on Clean Electrical Power, IEEE, 2007.

All rights reserved by www.ijirst.org 8



