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Abstract— For decades, scientists – from 

biologists to climatologists – have warned 

that the unregulated burning of fossil-based 

fuels could have devastating effects on the 

ecosystems of our planet. Despite these dire 

repercussions, we still rely heavily on fossil 

fuels for almost all of our daily needs. A large 

portion of today’s prominent industries have 

either been created or drastically changed by 

the use of such fuels. It is the general belief 

that the use of fossil fuels has allowed today’s 

society to experience current freedoms and 

liberties. However, our dependence on a finite 

fuel source will lead to catastrophe if today’s 

consumption practices are not curbed and the 

process of weaning ourselves from 

environmentally-degrading energy sources 

does not begin.  

1. INTRODUCTION 

This must begin to change if we want to 

see a downturn in global GHG emission 

levels by the middle of the century. Energy 

efficiency improvements offer an excellent 

opportunity for industry to reduce its 

environmental footprint while simultaneously 

saving millions of dollars and becoming more 

economically competitive with very little 

overhaul of current facilities or processes. 

Curbing consumption requirements at the 

processing level (through equipment and 

system improvements) could help make 

Canadian manufacturing more eco-friendly 

and also cost-effective. 8 Information on how 

to determine the most prominent areas of 

inefficiency and the best ways for companies 

to meet their energy reduction targets is 

available from a number of sources including 

government agencies such as Natural 

Resources India’s Office of Energy 

Efficiency, energy corporations such as Hydro 

One in Ontario, and energy management 

organizations, who work to develop energy 

solutions for companies. Energy reduction 

strategies and technologies for companies to 

begin to improve their overall energy 

efficiency already exist and have been around 

for quite some time, however, they are simply 

not being capitalized on. A number of major 

energy pitfalls will need to be addressed in 

order for Canada to significantly improve its 

manufacturing energy efficiency track record. 

In fact, recent studies have shown that, even 

with up-to-date plants and industrial 

processes, industrial energy efficiency can be 

improved by as much as 20% or more.. These 

efficiency improvements can come from a 

number of different areas, including recycling 

waste energy from equipment and process 

streams, using auxiliary equipment with more 

efficient motive systems, and reducing idle 

power requirements within facilities.  

II. LITERATURE REVIEW  

While it is true that an immense amount 

of information surrounding energy efficiency 

and strategies to improve it does exist, it is 

always the same type of information. 
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Handbooks, sourcebooks, and textbooks 

(some dating back several decades) have been 

dedicated to telling companies how to detect 

an energy sink or an area of inefficiency and 

even more have been developed to offer them 

a variety of options that can be deployed to 

improve the efficiency of their equipment and 

systems. Table 2 below references a small 

sample of the resources available to 

companies looking for information pertaining 

to industrial energy efficiency. 

Table 3: Potential waste heat sources and 

end-uses [22] 

 

Rotary regenerator (heat wheel)  

Rotary regenerators, sometimes referred 

to as air pre-heaters or heat wheels, operate in 

a manner similar to fixed regenerators in that 

heat transfer is facilitated by storing heat in a 

porous media and by alternating the flow of 

hot and cold gases through the regenerator 

[22]. Using a rotating porous disc, composed 

of a high heat capacity material, placed across 

2 parallel ducts, one containing the hot waste 

gas, the other containing cold gas, the disc 

rotates between the 2 ducts and transfers heat 

from the hot gas duct to the cold gas duct, as 

seen in Figure 1 below .  

Heat wheels are generally restricted to 

low and medium-temperature applications due 

to the thermal stress created by high 

temperatures. Likewise, large temperature 

differences between the 2 ducts can lead to 

differential expansion and large deformations, 

compromising the integrity of duct wheel air 

seals [22]. Another challenge with heat 

wheels is preventing cross contamination 

between the 2 gas streams, as contaminants 

can be transported in the wheel’s porous 

material. One advantage of the heat wheel is 

that it can be designed to recover moisture as 

well as heat from clean gas streams [22]. This 

makes heat wheels particularly useful in air 

conditioning applications, where incoming 

hot humid air transfers heat and moisture to 

cold outgoing air. 

 
Figure 1: Rotary regenerator (heat wheel) design  

III. METHODOLOGY 

Currently, a growing trend has emerged 

among industry in which many companies try 

to grasp a better understanding of their energy 

needs and sources of inefficiency by 

performing internal energy audits or hiring 

third party contractors to conduct audits for 

them. While this process is effective in 

generating a concise list of actions (ranked 

according to potential impact) for companies 

to pursue, it can be quite costly and time 

consuming. As well, there is often a trade-off 

depending on what route is pursued. 

Internal audits require trained auditors 

to already be on staff, which is not always 

possible, and utilizes personnel hours to 

conduct the necessary surveys. If resources 

are limited within an organization, it may be 

best to contract the auditing process to an 

external company and allow personnel hours 

to remain focused on tasks pertaining to major 

Enhancement of Energy Efficiency of Indian Industries 

Author(s) : Tarun Kumar Lodhi, Pramod Dubey | TIET, Jabalpur 



 

International Journal of Modern Engineering & Management Research | Vol 9 | Issue 4 | Dec 2021  7  

company projects. While the use of external 

contractors will allow personnel hours to be 

reserved for key project work, the cost of 

hiring professional auditors to conduct the 

work may be an added expense many 

companies cannot afford. This is especially 

true in the case of SMEs, which are typically 

limited in terms of both their financial and 

human resources. This can lead to companies 

simply pursuing what they think is the best 

solution for their facility, which can result in 

ineffective solutions, wasted resources, and, 

in some cases, escalate the problem. It is for 

this reason that a thorough understanding of a 

facility’s primary energy users, production 

schedules, and essential system interactions is 

required before attempting to implement any 

plant modifications or efficiency strategies.  

Case Studies 

 Purpose of the Performance Test 

To find out the efficiency of the 

boiler .To find out the Evaporation ratio the 

purpose of the performance test is to 

determine actual performance and efficiency 

of the boiler and compare it with design 

values or norms. It is an indicator for tracking 

day-to-day and season-to-season variations in 

boiler efficiency and energy efficiency 

improvements. 

 Performance Terms and Definitions 

 

 

 

 
Figure 2: Block Diagram Boiler Efficiency 

 

 

The following losses are applicable to liquid, 

gas and solid fired boiler 

 

L1. Loss due to dry flue gas (sensible heat) 

L2. Loss due to hydrogen in fuel (H2) 

L3. Loss due to moisture in fuel (H2O) 

L4. Loss due to moisture in air (H2O) 

L5. Loss due to carbon monoxide (CO) 

L6. Loss due to surface radiation, convection 

and other unaccounted*. 

 

*Losses which are insignificant and are 

difficult to measure. 

The following losses are applicable to solid 

fuel fired boiler in addition to above 

L7. Unburnt losses in fly ash (Carbon) 

L8. Unburnt losses in bottom ash 

(Carbon) 

Boiler Efficiency by indirect method = 

100 . (L1 + L2 + L3 + L4 + L5 + L6 + L7 + 

L8) 
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4. CONCLUSIONS AND 

RECOMMENDATIONS 

As a result of the research undertaken 

for this study, it can be concluded that energy 

efficiency improvement strategies present 

multiple opportunities for Canadian industry – 

saving money, stimulating economic growth, 

increasing productivity, and offering a 

significant reduction in environmental impact. 

The case studies presented within this thesis 

highlight some of the major energy 

consumption and GHG emission reduction 

opportunities that are available to industry 

through the implementation of various 

efficiency projects.  

Though research into new energy-

saving technologies should continue, it is also 

clear that many of the techniques and 

strategies needed to begin to significantly 

lower global GHG emissions already exist. 

Unfortunately, many companies – especially 

SMEs – still shy away from the opportunities 

that are available to them from energy 

conservation due to a lack of in-house 

expertise, inadequate resources, or positive 

reinforcement through industrial feedback on 

the use of such techniques. Additionally, 

energy efficiency is still largely viewed as a 

problem rather than an opportunity. A number 

of broad recommendations have been created 

from the results of this study. They are 

summarized below.  

1. Despite all the potential benefits, a 

single barrier still exists to wide-

scale industrial energy efficiency 

progress: confidentiality. Until 

organizations and government 

become more transparent about 

consumption practices within the 

industrial sector, very little will 

change. Companies must be more 

willing to share their energy 

consumption data and an open 

dialogue regarding best practices 

must begin. Governments should 

encourage more organizations to 

share their conservation success 

stories in order to begin to remove 

the taboo industry has placed on the 

discussion surrounding energy 

consumption. 

2. Organizations must begin to avail of 

the resources and tools (from 

government agencies, technological 

societies, and universities) that have 

been created to better equip 

industrial users to improve the 

efficiency of their systems, 

equipment, and tools. These 

resources have been specifically 

created to aid industrial users with 

their energy efficiency projects and 

many of them are free of charge. 

The notion that not enough 

information or expertise exists will 

soon no longer be an acceptable 

excuse for why energy efficiency is 

no t  p romot ed  w i th in  an 

organization.  

3. Individuals who are chosen as 

energy managers within their 

respective organizations should 

come from a strong sustainability 

background. They must be open to 

the notion that all three (3) spheres 

of sustainability are equally 

important and they must understand 

the importance that open dialogue 

plays in energy consumption and 

creating the necessary changes 

within industry to curb emissions. 

By placing the appropriate 

personnel in energy management 

roles, energy efficiency projects will 

likely be implemented more 
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frequently and with less opposition 

within organizations.  

4. Lastly, it is important that energy 

reduction strategies remain effective 

and focused on the most promising 

solutions. Determining what these 

efficiency “best practices” are can 

only be achieved through effective 

consumption sub-monitoring, both 

p r e  a n d  p o s t - p r o j e c t 

i m p l e m e n t a t i o n .  W i t h o u t 

appropriate monitoring of energy 

consumption it is practically 

impossible to know where the 

greatest sources of inefficiency are 

stemming from and how they can be 

remedied. Even if organizations 

begin to overhaul their existing 

systems with new equipment, design 

layouts, or maintenance regimes, if 

consumption is not adequately 

monitored before an alteration, it is 

quite difficult to pin-point specific 

savings and whether or not the new 

system is performing effectively. 

Accurate and sufficient energy 

monitoring is a key component to 

energy reduction success.  
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