
International Journal of Advanced Scientific and Technical Research                      Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 220 
 

AA  SSTTUUDDYY  OONN  ZZOONNEE  WWIISSEE  IINNDDUUSSTTRRIIAALL  SSEECCTTOORR  

EENNEERRGGYY  CCOONNSSUUMMPPTTIIOONN  IINN  SSEELLEECCTTEEDD  CCIITTIIEESS  OOFF  

TTAAMMIILL  NNAADDUU,,  IINNDDIIAA  
 

Sakthi. K
1
 and Muthuchelian. K

2
 

1,2
Department of Bioenergy, 

School of Energy, Environment and Natural Resources, 

Madurai Kamaraj University, Madurai- 625 021 

 

 

Abstract 

Energy is the universal measure of all kinds of work and its consumption has an increasing trend 

worldwide. The combustion of fossil fuels like coal, petroleum oils and natural gas generates 

energy, which is mainly used for the improvement of the quality of life. These conventional fuels 

are depleted exponentially and so it is imperative to study the existing energy users, consumption 

patterns and demand especially in urban areas for utilizing the energy efficiently. In this 

connection, the present investigation is carried out in Madurai and Salem, the second and fifth 

largest and most densely populated cities in the state of Tamil Nadu, India. The energy 

consumers are identified in these cities and they are categorized as industrial sectors. The energy 

demand of these sectors is quantified and the energy consumption for all these sectors is studied. 

The variations in energy utilization are assessed by adopting cluster sampling method and the 

results are discussed in this paper. As the energy demand and environmental deterioration are in 

increasing trend, it is concluded that the implementation of energy consumption that includes the 

execution of energy conservation measures and utilization of renewable energy sources are 

essential not only to match the demand and supply of energy but also to safe guard the health and 

wealth of the inhabitants in Madurai and Salem cities. 
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Introduction 

Energy is one of the major inputs for the economic development of any country. Energy 

policy is responsible for all activities related to petroleum industry, Ministry of Electricity, 
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responsible for generating, transmitting and distributing electricity. How the overall role energy 

can play in the economy of a nation and how it serves as the mainspring of economic growth. In 

the case of the developing countries, the energy sector assumes a critical importance in view of 

the ever-increasing energy needs requiring huge investments to meet them [1]. Nowadays, we 

are totally dependent on an abundant and uninterrupted supply of energy for living and working. 

It is a key ingredient in all sectors of modern economics [2]. An integrated approach for (i) 

providing uninterrupted supply of energy, (ii) promoting energy conservation and (iii) 

minimizing total energy costs would be the focus of this paper. 

 The energy industry is primarily controlled and governed by leading countries like USA, 

France, Russia, China and India. Currently, the new energy demand of China and India have 

compounded the pressure on oil and gas prices; while the security of energy supply and climate 

change have become major new issues on an already heavy energy agenda. Though India is the 

world’s fourth-largest energy user, its per capita consumption is among the lowest in the world. 

The energy industry comprise of energy sources like biomass, electricity, hydrogen, hydro 

power, natural gas, coal, nuclear power, petroleum, solar power and power wind. The energy 

industry is principally dependent on fossil fuel energy sources. Energy industry encompasses all 

the associated sub industries like petroleum industry, gas industry, electrical power industry, 

nuclear power industry, and unconventional energy industry [3]. It is important to study and to 

analyse the energy usage to formulate the appropriate policies and strategies. 

 

Objectives 

 This study was conducted in three phases and this was done to understand the zone wise 

energy sources in different locations and factors for change in consumption at different time 

periods at Madurai and Salem. The broad objective of the present study : i)  Identification of 

present Energy sources utilized  in industrial sector (Zone Wise), ii) Quantification of overall 

energy usage  in the industry sector and iii) analyzing and comparing Zone Wise energy 

consumption and its expenditure in the industry sector. 

 

Methodology 

Designing a suitable methodology and selection of analytical tools are important for a 

meaningful analysis of any research problem.  This section is devoted to describe the 
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methodology, which includes choice of study area, sampling procedure, period of study, 

collection of data, method of analysis and tools of analysis.  

 

Choice of the study area 

The area chosen for the present study are two cities namely Madurai and Salem which are 

second and fifth big cities in terms of population in Tamilnadu.  According to 2011 census, 

Madurai had a population of 1,017,865 and Salem had a population of 3,482,056 . Madurai 

metropolitan area constitutes the third largest metropolitan area in Tamil Nadu and the 31st in 

India. Both the cities are corporations, which have major industries and trading centers. Another 

important feature is the significantly higher work force that the cities are supporting in the non-

agricultural sector, 40 percent of this work force is occupied by this sector as against 45 to 55 

percent in the respective cities.  However, on the whole, the population, households, and 

workforce occupied in these two cities indicate the high-energy consumption in industrial sector. 

With this background, the energy consumption pattern was examined for the cities Madurai and 

Salem. 

 

Sampling Procedure 

 Madurai is located at 9.91 N, 78.11 E which comprises of 72 wards.  For the purpose of 

primary data collection, the Madurai city has been classified into four zones namely, North, East, 

South, and west zones.  The wards 1 to 21 are in North zone, 44 to 59 are in East zone, 31 to 43 

and 60 to 65 are in south zone, and 22 to 30 and 66 to 72 wards are in the west zone.  The 

number of wards in each zone is 21, 16, 19, and 16 in North, East, South, and West Zones 

respectively.  37 industries, like handloom, brick kilns and rice mills. 

Salem is located between 11.65 N, 78.10 E and it comprised of 60 wards.  For the 

purpose of primary data collection, Salem city was classified into four zones namely east (zone 

1), west (zone 2), North (zone 3) and South (zone 4). The number of wards in each zone is 14, 

14, 16, and 16 from east, west, north, and south zones respectively. 51 industries, like silver 

factory, rice mill, cotton mill, and others.  
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Period of Study 

The field survey was conducted from September 2012 to November 2013 for the 

collection of primary data.  The reference period of the survey is 2012-2013 

 

Collection of Data 

Data has been collected and analyzed on regional energy use in admiration of energy 

intensive and industry sectors. The survey was based on personal interview/questionnaire. The 

schedule was a detailed one consisting of the name of the industry, industry type like Large, 

medium and small.   type and quantity of the energy carrier used, etc.  During the survey, the 

industry was asked to enumerate the energy carriers used for different end-uses, viz. product 

manufacturing, water-heating, lighting etc. The pattern of end-use of each carrier was studied by 

disaggregating the consumption in the industries according to manufacturing, water-heating, 

lighting etc. Since the survey contains questions only on the sole energy consumption of each 

energy carrier by the industries and not for a particular end-use) the desegregations was done 

while analyzing the results.  Except in the case of electricity, the consumption of electricity is 

higher in summer because of the extensive use of high energy manufacturing equipments, fan, 

water heaters, refrigerators, and to some extent bulbs and tubes. The consumption of energy 

carriers was determined as usage per month.  In the case of LPG, the number of days a cylinder 

last was ascertained. Electricity consumption data was obtained from the Tamilnadu Electricity 

Board after ascertaining meter reading in a industries.  Seasonal variations are negligible for 

other fuel which was confirmed by the response of industries sector.  

 

Method and Tools of Analysis 

The overall approach of the study is based on the requirements of promoting the 

sustainable development of energy in viable industrial zone segments, in order to achieve the 

goals of energy consumption and savings. This includes the development and innovative 

methods of promoting economic and financial analysis to review the impact of alternative 

scenarios as well as the current and emerging energy models that can be adopted by the sector. 

Keeping in view the objectives of the study, the industrial sector has been categorized into Zone 

Wise energy consumption pattern. In order to examine the difference in energy consumption 

analysis of variants (ANOVA) one-way test was carried out. 
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Results and Discussion  

 This section, an attempt has been made to analyze the Zone Wise energy use pattern in 

industry sector 

 

Usage of different energy sources sector Zone Wise  

 In this section an attempt has been made to analyses the use pattern of different energy 

sources sector type wise namely large, medium and small in Madurai and Salem cities. Table 

provides conversion of energy sources into calories of energy. 

Figure 1 and 2, give the details relating to Zone Wise energy sources consumed by 

industrial sector in Madurai and Salem cities.  

 

Figure 1: Industrial Sector:  Energy Consumption per Month in Madurai City (Zone Wise) 

 
Figure 1 

 

From the Figure 1, it has been inferred that in the case of East Zone in Madurai, 

Maximum of 775 kWh electricity consumed by industries followed by 520kg by coal is 

consumed by industries, 200kg of wood consumed by industries, 130 kg of charcoal is consumed 

as 18 litres of kerosene of consumed by the industries. When in the case of west zone, maximum 

of 150kg of wood is consumed by industries and 130kg of Agro residues is consumed by 

industries. Further it also shows that in the case of North zone, maximum of 12830 kWh of 

electricity is consumed by industries followed by 200 litres of kerosene consumed, 1200 kg of 

Agro residues consumed, 310kg of charcoal consumed, 200kg of wood consumed and 19.1 kg of 
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LPG is consumed whereas in the case of South zone, maximum of 8965 kWh of electricity 

consumed by the industries followed by 6000 kg of wood is consumed, 140 litres of kerosene is 

consumed and 35.2 kg of LPG is consumed respectively. 

 

Figure 2: Industrial Sector:  Energy Consumption per Month in Salem City (Type Wise) 

 
 

From the Figure 2, it has been revealed that in the case of East zone in Salem, maximum 

of 3000000 litres of Biogas is consumed by industries followed by 135000 kg of wood is 

consumed, 76216 kwh of electricity is consumed by industries, 1090 kg of charcoal is consumed 

970 kg of coal is consumed and 11 litres of known is consumed whereas in the case of west zone, 

maximum of 991 kwh of electricity is consumed by industries followed by 500 kg of coal is 

consumed, 150kg is charcoal is consumed and 10litres of kerosene is consumed. Further, it also 

shows that in the case of North zone, maximum of 6452 kwh electricity is consumed by 

industries followed by 1660kg of wood is consumed, 114.6 kg of LPG is consumed, 50 kg 

charcoal is consumed, 20 litres of kerosene is consumed and 16 litres other  type is energy is 

consumed whereas in the case of south zone, maximum of 192955 kwh of electricity is 

consumed by industries, followed by 67000 kg of wood is consumed, 10080 kg of Agro residues 

is consumed, 100kg of charcoal is consumed, 52.3 kg LPG is consumed and 25 litres of known 

as consumed by industries respectively. 
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Table 1: ANOVA Test: Energy Consumption in Industrial Sector Zone Wise 

 

To examine the variation in different types of energy consumption zone wise between Madurai 

and Salem cities, ANOVA test has been used. The computed results are given in Table 1 
 

Particulars  

Madurai 

and 

Salem 

Sum of Squares df Mean Square F Sig. 

Coal: Cooking, 

Hot water and 

lighting/kg/m 

Between 

Groups 

Within 

Groups 

Total 

54288.095 

 

233283.333 

 

287571.429 

1 

 

5 

 

6 

54288.095 

 

46656.667 

1.164 .330 

Charcoal: 

Cooking, Hot 

water and 

lighting/kg/m 

Between 

Groups 

Within 

Groups 

Total 

1280.000 

 

500160.000 

 

501440.000 

3 

 

11 

 

14 

426.667 

 

45469.091 

.009 .999 

Wood: Cooking, 

Hot water and 

lighting/kg/m 

Between 

Groups 

Within 

Groups 

Total 

2480144250.000 

 

5039418700.000 

 

7519562950.000 

3 

 

10 

 

13 

826714750.000 

 

503941870.000 

1.640 .242 

Agro Residues:  

Cooking, Hot 

water and 

lighting/kg/m 

Between 

Groups 

Within 

Groups 

Total 

26214030.000 

 

49205650.000 

 

75419680.000 

2 

 

2 

 

4 

13107015.000 

 

24602825.000 

 

 

.533 .652 

Kerosene: 

Cooking, Hot 

water and 

Lighting/Lit/, 

Between 

Groups 

Within 

Groups 

Total 

767541.389 

 

2987580.400 

 

3755121.789 

3 

 

15 

 

18 

255847.130 

 

199172.027 

1.285 .316 

LPG: Cooking, 

Hot water and 

lighting/kg/m 

Between 

Groups 

Within 

Groups 

Total 

.288 

 

23.109 

 

23.397 

1 

 

10 

 

11 

.288 

 

2.311 

.125 .731 

Electricity 

Consumption: 

Average units 

consumed 

(kwh)/m 

Between 

Groups 

Within 

Groups 

Total 

907203022.780 

 

14228347031.845 

 

15135550054.625 

3 

 

84 

 

87 

302401007.593 

 

169385083.712 

1.785 .156 

 

Source: Computed 
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It is evident from table 1, that there is no evidence in significant variation in using 

different types of energy zone wise between Madurai and Salem. Comparison across sectors of 

energy consumption sources helpful for providing analysts of however well/poorly countries do 

with regard to energy potency. The work concludes that that energy conservation are going to be 

the core of energy coming up with and might be thought of as a replacement supply of energy 

aiming at reduction of specific energy consumption, mobilization the employment of renewable 

energy resources and use of efficient/ clean technologies, taking into thought the approach and 

means that of products production furthermore because the emission management. 

 

SUMMARY 

 The zone wise analysis showed that maximum of coal and electricity is consumed in the 

East zone by all industries. Maximum electricity is consumed by north zone and maximum wood 

is used by south zone in both Madurai and Salem cities.  Comparing two cities, Salem city has 

consumed high in all energy sources. 

 The ANOVA test indicated that there is no evidence of significant difference in energy 

usage between two cities. 

 Regarding the consumption cost of energy zone wise of industrial sector, a maximum 

amount is spent for electricity followed by coal in Madurai city.  In the case of Salem city, a 

maximum amount spent is found in biogas followed by electricity. 

 The ANOVA test showed that there existed a significant difference in coal consumption 

cost between Madurai and Salem. 

 

Conclusion 

It is essential to define an Energy Policy for the nation that will give enough preparation, 

planning and induction time for all new sources of energy, to mature the technology and to make 

them economical. For this, a thorough knowledge and study of the prospects, economics, and 

long term environmental concerns due to implementation of various energy related technologies 

are necessary. 

Considering the dwindling resources of petroleum based fuels it is essential to plan for 

alternate sources of fuel for transportation. The technology developments in alternate energy 

sources such as hydrogen, various types of fuel cells, gas-hydrates, methanol, bio fuels, and 

electric operated vehicles need to be trust. Appropriate level of assessment of switch over 
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process from conventional fuel to alternate fuels is required to ensure economy, easy availability 

and public acceptance.  

A systematic programme for the exploration and exploitation of gas hydrates may meet 

the ever-increasing requirement of energy for country like ours. On the other hand, it can reduce 

the environmental hazard, if exploited properly. 

It is proposed that a broad based national consultation involving the R & D institutions, 

industries and the energy utilities be held early to prepare a hydrogen vision and a road map for 

the next few decades. 

Significant technology development in nuclear fusion has taken place worldwide. This is 

a form of energy generation, which we have to be ready to harness in the future, when all other 

energy sources become dearer or even inaccessible. A programme for fusion energy needs to be 

developed in India. 

  The potential of Nuclear Energy to provide energy in the required form to meet all 

specific needs, mainly as grid based electricity generation but also for space and water heating, 

desalination of sea water to make potable water, non-grid based small nuclear power packs to 

supply electricity and energy at remote places etc. needs to be explored. Many efforts have to be 

done to eliminate, or reduce, the existing barriers to make significant reductions, ambitious 

energy savings measures need to be implemented. New types of fuel and reactor configurations 

need to be evolved to have better performance and economics.  
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