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Abstract: In the present scenario energy crises is a severe problem across the globe. For the protection of global 

environment and maintain ecological balance, energy saving is one of the most vital issue from the view point of fuel 

consumption also. Therefore, it is essential that we should endeavour for waste heat recovery by making significant and 

concrete effort. Conservation of energy by waste heat recovery is the need of hour. In this paper main objective of the 

researcher is to study and analyses the feasibility of retrofitting the waste heat recovery system for hot water generation. 

An attempt has been made to recover the heat rejected by an air conditioning system used in a factory. The waste heat 

is used for producing hot water for Boiler Feed. The demand & supply and storage requirement is attempted. Such a 

system can be fabricated in the work shop of a factory and preliminary experiment can be carried out. This study will 

focus on the fact that such a system is technically feasible and economically viable. Waste heat is the heat which is 

produced in a process by combustion of fuel or exothermic chemical reaction and then rejected into the environment 

even though it can still be utilized for some useful and economic purpose. In most general case, waste heat is the 

energy associated with the waste streams of air, gases and liquid leaving the boundaries of a plant, section or building 

and lost to the environment. Waste heat which is rejected from a process at a temperature sufficiently higher then 

ambient air temperature permits the recovery of energy for some useful purpose in an economical manner. The 

essential quality of heat recovered is not the amount but it’s “Value”. The strategy of recovery of this heat not only 

depends on temperature of waste heat sources but also on the economics involved behind the technology used.  
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I. INTRODUCTION 

Today’s high costs of energy together with its environmental impact are reasons enough to warrant a reduction in 

energy consumption in current air conditioning systems or those at the design stage( Francisco Javier Rey Mart´ınez et 

al, 2003). Any study of an air conditioning system in a building should focus mainly on indoor air quality (IAQ), 

thermal comfort, energy saving and environmental protection. Any approach aimed at improving IAQ [1] involves an 

increase in ventilation rates in buildings and therefore in the energy consumption linked to air-conditioning systems. 

Most air conditioning systems affect the environment in two ways: 

1. Contributing to the greenhouse effect as energy consumers and producing CO2, as well as through the use of 

organic substances in the cooling cycle. 

2. Damaging the ozone layer as a result of the use of CFCs and HCFCs.  

Taking all these factors into account, it is clear that the use of air energy air recovery equipment in air conditioning 

systems leads to- 

1. An improvement in IAQ by allowing the introduction of greater ventilation air flows, 

2. Reduced energy and thus primary energy consumption, with the resulting drop in CO2   production and 

improvement in the environment, 

3. Reduced energy requirements for air conditioning equipment and thus in the amounts of coolants used in 

them, 

4. A reduction in operating costs. 

In this thesis, the researcher has investigated a waste heat recovery system (WHRS) and experimented to recover 

condensation heat (heat rejected) from a commercial air conditioner unit of 22TR. The air conditioning unit rejects 

considerable amounts of heat to the atmosphere through its condensing coil unit. So, by suitably retrofitting the 

WHRS in the air condition ring unit, hot water is generated. The generated hot water is supplied for the purpose of 

Boiler Feed. Thereby saves significant amount of energy. 
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II. LITERATURE REVIEW 

a.  RECOVERY OF ENGINE WASTE HEAT  

There are various works available on the Adsorption cooling with exhaust gas heat of engine. But, no significant wok 

has been carried out by recovering and utilizing Engine heat in refrigeration system of a vehicle. According to Palm [1], 

Corberan et al.[2], Domanski and Yashar,[3]) ,most HFC refrigerants have a relatively high global warming potential 

(GWP) which is also being regulated by the Kyoto Protocol. They have cited that recent passage of legislation in the 

European Community requires the use of refrigerants with GWPs of less than 150 in all new-type vehicles starting in 

2011 and in all new vehicles by 2017 Recently, Sami et al. [4] presented an improved dynamic model to study the 

single absorber and/or double absorber systems with heat recovery. The systems they studied employed an air cooled 

evaporator and an air cooled condenser. Hot oil, superheated steam or exhaust gas could be used as heating fluids for 

the absorbers. In these respects, they are similar to the automobile waste heat cooling system we propose. And it gave 

an insight into the thermodynamics for some of the system components. However, in their analysis, the cycle time was 

quite long and an equilibrium adsorption state was assumed. Colbourne [5] summarized a study analyzing over 50 

published technical documents comparing the performance of fluorinated refrigerants and HCs. A significantly higher 

number of tests showed an increase in performance when using HCs as compared to using fluorinated refrigerants 

(Colbourne and Suen,)[6].Similarly, Colbourne and Ritter[7] investigated the compatibility of non-metallic materials 

with HC refrigerant and lubricant mixtures. They performed experiments in compliance with European standards for 

the testing of elastomeric materials and ASHRAE material compatibility test standards. Maclaine-Cross and Leonardi[8] 

compared the refrigerant performance of HCs based on refrigerant properties and concluded that the COP 

improvements, commonly reported in literature, were consistent with better thermodynamic properties of HCs. R600a 

properties and their influences on system performance were discussed. Joudi et al. [9] studied the performance of MAC 

systems with alternative refrigerants. A computer model was developed to determine the most suitable alternative 

refrigerant to R12. The influence of evaporating temperature, condensing temperature and compressor speed in an ideal 

cycle was considered. Ghodbane [10] investigated the use of R152a and HCs in MACs.  

 

b.  PERFORMANCE IMPROVEMENT OF AIR CONDITIONING BY HEAT RECOVERY 

Ambient temperature (average of 30oC) and humidity (70-80%) of Thailand are rather high, which affect the living and 

working efficiency ( Poonpong Swatdepan et al 2006) [23]. Therefore, air conditioning in office is necessary. From 

previous researches, it revealed that amount of energy consumption of air conditioning in building is approximately 50-

70% of the total energy consumption. Consequently, energy saving technique for air conditioning system should be 

examined. Liquid-suction heat exchangers are commonly installed in refrigeration systems in order to increasing the 

performance of system. Domanski et al. [24] investigated the effect of LLSL-HX on system performance by taking 

liquid refrigerant from condenser to exchange heat with vapor refrigerant from evaporator. The authors reported that 

coefficient of performance was increased after installed LLSL-HX. Zhaolin et al. [25] used the PCMs (Phase change 

materials) to receive the sensible and latent heat form air condition system for washing and bathing processes. It was 

found that the energy consumption of compressor and heat transfer increased with increasing condenser temperature. It 

was revealed that the coefficient of performance increased from 2.96 to 3.45. The objective of this work is to 

comparatively study the performance of air conditioning systems. The criteria for investigating the performance are 

energy consumption, coefficient of performance, and energy efficiency ratio. 

 

c.  STRATEGY OF HEAT RECOVERY 

The strategy of how to recover this heat depends not only on the temperature of the waste heat sources but also on the 

economics involves behind the technology incorporated (P. Sathiamurthi ET AL 2011)[27]. By experimenting with 

waste heat recovery system in Refrigeration unit, Kaushik and Singh [28] have found that, in general, 40% of 

condenser heat can be recovered through the Canopus heat exchanger for a typical set of operating conditions. Tugrul 

Ogulata [29] discussed the utilization of Design and Development of Waste Heat Recovery System for air Conditioning 

Unit 103 waste-heat recovery in textile drying process. Abu-Mulaweh [30] made a case study of a Thermo Siphon heat 

recovery system that recovers the heat which is rejected from an air conditioner. Soylemez [31, 32] studied on the 

thermo economical optimization of Heat Pipe Heat Exchanger (HPHE) for waste heat recovery system. Hung et al [33] 

discussed in a review of Organic Rankine Cycles (ORCs) for the recovery of low-grade waste heat in the energy-to-

power conversion industry and suggested that for recovering low-grade waste heat in power generation industries is 

economically feasible using ORCs. In this paper, the authors have investigated a Waste Heat Recovery System (WHRS) 

and experimented to recover condensation heat (heat rejected) from a commercial air conditioner unit of 22 TR. The 

air-conditioning unit rejects considerable amount of heat to the atmosphere through its condensing coil unit. So, by 

suitably retrofitting the WHRS in the air conditioning unit, hot water is generated. The generated hot water is supplied 

to the student’s hostel for bathing purpose. Thereby saves significant amount of energy. 
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III. EXPERIMETAL SETUP 

 

Air conditioning is the process of altering the properties of air (primarily temperature and humidity) to more favorable 

conditions. More generally, air conditioning can refer to any form of technological cooling, heating, ventilation, or 

disinfection that modifies the condition of air. An air conditioner (often referred to as AC) is a major or home appliance, 

system, or mechanism designed to change the air temperature and humidity within an area (used for cooling and 

sometimes heating depending on the air properties at a given time). The cooling is typically done using a simple 

refrigeration cycle, but sometimes evaporation is used, commonly for comfort cooling in buildings and motor vehicles. 

In construction, a complete system of heating, ventilation and air conditioning is referred to as "HVAC". The basic 

concept behind air conditioning is known to have been applied in ancient Egypt where reeds hung in windows had 

water trickling down. The evaporation of water cooled the air blowing through the window, though this process also 

made the air more humid. In Ancient Rome, water from aqueducts was circulated through the walls of certain houses to 

cool them down. Other techniques in medieval Persia involved the use of cisterns and wind towers to cool buildings 

during the hot season.  

Modern air conditioning emerged from advances in chemistry during the 19th century, and the first large-scale 

electrical air conditioning was invented and used in 1911 by Willis Havilland Carrier. The introduction of residential 

air conditioning in the 1920s helped start the great migration to the Sunbelt. The first air conditioners and refrigerators 

employed toxic or flammable gases, such as ammonia, methyl chloride, or propane, that could result in fatal accidents 

when they leaked. Thomas Midgley, Jr created the first non-flammable, non-toxic chlorofluorocarbon gas, Freon, in 

1928. "Freon" is a trademark name owned by DuPont for any Chlorofluorocarbon (CFC), Hydro chlorofluorocarbon 

(HCFC), or Hydro fluorocarbon (HFC) refrigerant, the name of each including a number indicating molecular 

composition (R-11, R-12, R-22, R-134A). The blend most used in direct-expansion home and building comfort cooling 

is an HCFC known as R-22. It was to be phased out for use in new equipment by 2010, and is to be completely 

discontinued by 2020. 

In this research work, For the air conditioning of plant a 22 TR centralized air conditioner is being used. It has 

an air cooled condenser as shown in the figure. This air conditioning unit operate for an average of 18 hrs in a day. In 

order to utilize waste heat rejected by condenser to the atmosphere additional water cooled condenser can be installed 

which will heat boiler feed water .Also some necessary modifications are made to make the system feasible and 

economically viable. Construction and working of proposed model are shown below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 3.1 Experimental Set-up before Modification 
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Figure: 3.2 Experimental Set-up after Modification 

 

IV METHODOLOGY  

The Air Conditioning Unit of “Gwalior Alcobrew Private Limited” Rairu was observed for few months working hours 

on the regular intervals. Time measurement for various losses was setup and adjustment; changes in process, 

Transportation, Inventory Management were suggested. It was observed by the researcher that waste heat of Air 

Conditioning Unit could be utilized for Heating of Feed water of boiler. A hypothetical model as discussed above was 

suggested on the basis of research and Analytical interpretation and comparison of data. 

V. CALCULATION 

 

 

22 TR Air Conditioning Systems 

SPECIFICATIONS 

1. Average COP = 5 

2. Working Hrs. (Average) = 18 

3. Water flow rate for air conditioner mw1= 16.8 

Ton per hour 

4. Inlet temperature of water = 25 
0 
C 

5. 1 TR = 13,938 KJ / Hr. 

5.1 Fuel Saving 

Heat rejected by air conditioner – 

COP = 
𝑄2

𝑄1−𝑄2 

5 = 
22𝑋13938  

𝑄1−22𝑋13938
 

Q1 = 367936.2  KJ/ hr 

Again 

Q1 = mwi S ∆T 

Tw2 = 30.23
0 
C 

Heat Gained by Water = Mass of Coal X GCV of Coal 

367936.2 = Mf X19228 

Mf  = 19.13 kg per hour 

So, Total coal saving in a day 

Mf/day  = 344.34 kg per day. 

So , Cost saving in rupees/month , 

Coal Cost Rs. 6 / kg 

C = Rs. 61981 / month 

5.2 Pay back Calculation 

(Details of Total Expenses are given in Table 5.1) 

Total Expenses = Rs. 545000.00 

Cost saving per month = Rs.67651.00 

So, Pay back is 

= 545000.00/ 67651.00 

= 8.06 month. 

5.2.1 Cost of fuel calculation per day 

Coal Saving - 344.34 kg per day X Rs. 6/ kg 

= Rs.2066/ day 

Cost of fuel per day before implementation  

  =Rs.80, 4000 

Cost of fuel per day after implementation  

= Rs. 80, 1934 

5.2.2 Boiler performance calculation 

 Boiler performance calculation before 

implementation 

 Mass of steam produce per day Ms = 672 Tons 

 Enthalpy of produced steam Hs = 790 kcal / kg 

 Enthalpy of feed water Hf = 105 Kcal / kg 

 Mass of Coal consume per day Mf =134000 kg 

 Gross Calorific Value of Coal = 4500 Kcal / kg 
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Efficiency of Boiler before implementation 

=  
𝑀𝑠(𝐸𝑛𝑡 ℎ𝑎𝑙𝑦  𝑜𝑓  𝑆𝑡𝑒𝑎𝑚 −𝐸𝑛𝑡ℎ𝑎𝑙𝑦  𝑜𝑓  𝐹𝑒𝑒𝑑  𝑤𝑎𝑡𝑒𝑟 )

𝑀𝑓𝑋𝐺𝐶𝑉  𝑜𝑓  𝑐𝑜𝑎𝑙
 

= 
672(790−105)

134𝑋4500
 

= 0.7633  

= 76.33%  

 

Boiler performance calculation after implementation 

 Mass of steam produce per day 

Ms = 672 Tons 

 Enthalpy of produced steam 

Hs = 790 kcal / kg 

 Enthalpy of feed water 

Hf = 105 Kcal / kg 

 Mass of Coal consume per day 

Mf =133655.66 kg 

 Gross Calorific Value of Coal = 4500 Kcal / kg 

 

 

Table I 

 

 
 

 

 

 

 

VI. CONCLUSION 

 

Results of present research are as follows- 

 

1. Waste Heat of Air Conditioning Unit can be utilized for an useful purpose. 

2. After Implementation of proposed model Fuel consumption reduces from 1,34,000 kg  to 1,33,655 kg per day. 

3. Fuel cost reduces from Rs. 8,04,000 to Rs. 8,01,934 per day. 

4. Efficiency of Boiler will increase from 76.33% to 76.53%. 

 

 

S. No. Particulars Quantity Total Amount in Rs. 

01 Water cooled condenser for 22 TR AC System 01 3,10,000.00 

02 Control Valves, Three way Valve and NRV etc One lot 1,35,000.00 

03 Pipe line and  fittings One lot 35,000.00 

04 Installation, erection and commissioning work Job work 35,000.00 

05 Insulation cost Job work 30,000.00 

Total Cost  = 5,45,000.00 

http://www.ijirset.com/


ISSN: 2319-8753 
 

International Journal of Innovative Research in Science, Engineering and Technology 
Vol. 2, Issue 2, February 2013 

 

Copyright to IJIRSET    www.ijirset.com          410 

 

  

VII REFERENCES 

1. Palm, B., 2008. Hydrocarbons as refrigerants in small heat pump and refrigeration systems – a  review. Int. J. 

Refrigeration 31,552–563. 

2. Corberan, J.M., Segurado, J., Colbourne, D., Gonzalvez, J., 2008. Review of standards for the use of hydrocarbon 

refrigerants in a/c, heat pump  and refrigeration equipment. Int.  J.Refrigeration 31, 748–756. 

3. Domanski, P.A., Yashar, D., 2006. Comparable performance evaluation of HC and HFC refrigerants in an optimized 

system. In: Proceedings of the Seventh IIR-Gustav Lorentzen Conference on Natural Working Fluids at Trondheim, 

Norway, May 29–31. 

4. S.M. Sami and C Tribes, An improved model for predicting the dynamic behavior of adsorption systems, Appt. 

Thermal Engng 16, 149-161 (1996). 

5. Colbourne, D., 2000. An overview of hydrocarbons as replacement refrigerants in commercial refrigeration and air 

conditioning. Refrigeration Northern Ireland Centre for Energy Research and Technology. 

6. Colbourne, D., Suen, K.O., 2000. Assessment of performance of hydrocarbon refrigerants. In: Proceedings of the 

Fourth IIRGustav Lorentzen Conference on Natural Working Fluids, Purdue, USA. 

7. Colbourne, D., Ritter, T.J., 2000. Compatibility of Non-Metallic Materials with Hydrocarbon Refrigerant and 

Lubricant Mixtures. IIF-IIR- Commission B1, B2, E1 and E2 – Purdue University, USA. 

8. Maclaine-Cross, I.L., Leonardi, E., 1996. Comparative performance of hydrocarbon refrigerants. In: I.I.F. – I.I.R. – 

Commissions E2, E1, B1, B2, Melbourne, Australia. 

9. Joudi, K.A., Mohammed, A.S.K., Aljanabi, M.K., 2003. Experimental and computer performance study of an 

automotive air conditioning system with alternative refrigerants. Energ. Convers. Manag. 44, 2959–2976. 

10. Ghodbane, M., 1999. An investigation of R152a and hydrocarbon refrigerants in mobile air conditioning. In: 

International Congress and Exposition, SAE Paper 1999-01-0874, Warrendale, PA. 

11. Razmovski, V., 1994. Safety of hydrocarbon refrigerants for car air conditioning systems. B.E. thesis, School of 

Mechanical and Manufacturing Engineering, UNSW, Sydney. 

12. Rajasekariah, C., 1995. Safety of hydrocarbon refrigerant safety in automobiles. B.E. thesis, School of Mechanical 

and Manufacturing Engineering, UNSW, Sydney. 

13. Cheung K, Hwang Y, Judge JF, Kolos K, Singh A, Radermacher R. Performance assessment of multistage 

absorption cycles. Int J Refrig 1996;19(7): 473–81. 

14. Costa EC. Refrigeration. 3rd ed. São Paulo: Edgard Blücher; 1988 [in Portuguese]. 

15. Pereira JTV, Milanês RLP, Silvério RJR. Energy and exergy evaluation of a water– ammonia absorption 

refrigeration system. In: Mercofrio – I Mercosul HVAC congress, Porto Alegre, Brazil; 1998. 

16. Meunier F. Adsorptive cooling: a clean technology. Clean Prod Process 2001;3:8–20. 

17. R. Q. Zhu. B. Q. Han. M. Z. Lin and Y. Z. Yu, Experimental investigation on an adsorption system for producing 

chilled water, Int. J. Refrigeration 15, 31-34 (1992). 

18. M. Suzuki, Apphcation of adsorption cooling systems to automobiles. Heat Recovery Systems & CHP 13, 335- 340 

(1993). 
19. ASHRAE, 2008. ASHRAE Handbook, HVAC Systems and Equipment. American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers, Atlanta, GA. 

20. ASHRAE, 2004. ANSI/ASHRAE Standard 34, Designation and Safety Classifications of Refrigerants. American 

Society of Heating, Refrigerating, and Air-Conditioning Engineers, Atlanta, GA. 

8,000,500

8,001,000

8,001,500

8,002,000

8,002,500

8,003,000

8,003,500

8,004,000

BEFORE AFTER

Ряд1 8,004,000 8,001,934

F
u

el
 c

o
st

 i
n

 r
u

p
ee

s

Fuel Cost Per Day

76.2

76.25

76.3

76.35

76.4

76.45

76.5

76.55

Before After

Ряд1 76.33 76.53

E
ff

ic
ie

n
cy

in
 %

Comparison of Boiler Efficiency

http://www.ijirset.com/


ISSN: 2319-8753 
 

International Journal of Innovative Research in Science, Engineering and Technology 
Vol. 2, Issue 2, February 2013 

 

Copyright to IJIRSET    www.ijirset.com          411 

 

21. ISO, 2005.ISO Standard 817: Refrigerants Designation System. International Organization   for Standardization, 1, 

ch. de la Voie-Creuse, Case postale 56, CH-1211 Geneva 20, Switzerland.  

22. Granryd, E., 2001. Hydrocarbons as refrigerants – an overview Int. J. Refrigeration 24, 15–24. 

23. Poonpong Swatdepan*, Umphisak Teeboonma and Chawalit Thinvongpituk “Study of Performance Improvement 

of Air Conditioning using Various Heat Recovery Techniques”  Proceedings of The 2nd Joint International Conference 

on “Sustainable Energy and Environment” (SEE 2006) E-065 (O) 21-23 November 2006, Bangkok, Thailand 

24.  Domanski, PA, Didion DA, and Doyle JP. (1994) Evaluation of suction-line/liquid-line heat exchange in the 

refrigeration cycle, Rev Int Froid, 7, (7), pp. 487-93. 

 25.  Zhaolin Gu, Hongjuan Liu, and Yun Li. (2004) Thermal energy recovery of air conditioning system– heat 

recovery system calculation and phase change materials development, Applied Thermal Engineering, 24, pp.2511– 2526. 

26.  Hu,S.S. and Huang,B.J.(2005) Study of a high efficiency residential split water-cooled air conditioner, Applied 

Thermal Engineering, 25, pp.1599–1613. 

27. P. Sathiamurthi and PSS. Srinivasan “Design and Development of Waste Heat Recovery System for air 

Conditioning Unit” European Journal of Scientific Research ISSN 1450-216X Vol.54 No.1 (2011), pp.102-110 

28.  S.C.Kaushik, M.Singh.“Feasibility and Design studies for heat recovery from a refrigeration system with a canopus 

heat exchanger”, Heat Recovery Systems & CHP, Vol.15 (1995)665- 673. 

29.  R.Tugrul Ogulata, “Utilization of waste-heat recovery in textile drying”, Applied Energy (in press) (2004). 

30. H.I. Abu-Mulaweh, “Design and performance of a thermosiphon heat recovery system”, Applied Thermal 

Engineering, Vol.26, (2006) 471–477. 

31. M.S. Soylemez “On the thermo economical optimization of heat pipe heat exchanger HPHE for waste heat recovery” 

Energy Conversion and Management, Vol. 44, (2003)2509–2517. 

32.  M.S. Soylemez, “On the thermo-economical optimization of fin sizing for waste heat recovery” Energy Conversion 

and Management, Vol.44, (2003) 859–866. 

33. S.H. Noie-Baghban, G.R. Majideian, “Waste heat recovery using heat pipe heat exchanger (HPHE) for surgery 

rooms in hospitals”, Applied Thermal Engineering, Vol. 20, (2000) 1271- 1282. 

34.  P.Sathiamurthi, R.Sudhakaran “Effective utilization of waste heat in air conditioning units”, Energy and 

environmental technologies for sustainable development- Int.Conf. Proc. (2003) 13-14. 

35.  P.Sathiamurthi, PSS.Srinivasan “Studies on waste heat recovery and utilization”. Globally competitive eco-friendly 

technologies engineering National conf. (2005)39. 

 

Biography 

 

 

RAKESH KUMAR JAIN 

 

Rakesh kumar Jain did his BE (Mechanical engineering) in 2010 from 

MITS, Gwalior. Presently he is doing his M. Tech from Srcem Banmore. 

He has 6 international paper, 5 national conferences, 2 international 

conferences to his credit. He has vast experience in the field of thermal 

power plant engineering 

 

DEVENDRA SINGH DANDOTIYA 

 

Devendra Singh dandotiya did his BE (Mechanical Engineering) in 2006 

from GEC, Bialspur (C.G.). Thereafter he did his M. Tech (Fluid and 

Thermal Science) in 2009 from IIT Guwahati. He has guided 1 M. Tech 

thesis, and two M. Tech. thesis are under progress. His research area mainly 

includes TPM, Alternative fuels, Thermal Power Plant. He has qualified 

GATE 2012 with 98.19 Percentile 

 

http://www.ijirset.com/


ISSN: 2319-8753 
 

International Journal of Innovative Research in Science, Engineering and Technology 
Vol. 2, Issue 2, February 2013 

 

Copyright to IJIRSET    www.ijirset.com          412 

 

 

ABHISHEK JAIN 

 

Abhishek Jain did his BE (Mechanical Engineering) in 2001 from MPCT, 

Gwalior. Thereafter he did his M. Tech (Production Engineering) in 2007 

from MITS Gwalior. Presently he is pursuing his Ph. D. from PTU, 

Jalandhar. He has guided 1 M. Tech. thesis, and two M. Tech. thesis are 

under progress. His research area mainly includes TPM, TQM, Logistics and 

Supply Chain Management. He has 3 international paper, 5 national 

conferences, 2 international conferences to his credit. He has qualified 

GATE 2012 with 95 Percentile. He also has 3 years industrial experience in 

the field of production, Maintenance and Industrial Engineering 

 

http://www.ijirset.com/

