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Abstract

Indian economy plans to conserve the energy which is consumed by the industrial sector. Government
of India has made it mandatory to conduct periodic energy audits in the industrial sector which is to be
followed up with a practical implementation of energy conservation (ECON) measures as suggested by
the energy audit team. Energy audit has been conducted in two phases namely, pre-audit and post audit
phase. During pre-audit phase, initially, power ratings of machines, appliances, light loads and the
real-time energy meter readings are noted. The quantitative data measured on the project site is
analysed to identify the inefficient machines/appliances that consume more power and inappropriate
usage of appliances/machines. Based on this analysis, various problem-specific methods have been
examined to yield substantial energy savings. Suggestions and recommendations are provided for
installing energy efficient appliances with reduced power ratings, appropriate usage of loads to enable
the possibility of load shifting management technique. Energy audit inferred that the suggested
measures are capable of reducing the energy consumption cost thereby saving the energy consumption
of the stone industry at a greater level.

Keywords: Industrial Energy, Audit, waste generation, CO2 emissions, global warming

INTRODUCTION

An extensive analysis of the energy usage trends within an organisation is the goal of an energy audit
[1-14]. Auditors can pinpoint locations where energy is being squandered or used inefficiently by
looking at energy bills and performing on-site inspections. This covers the building envelope,
equipment, lighting, and HVAC systems. Instruments like data loggers are used to keep an eye on
humidity and temperature, energy meters to gauge electricity consumption, and infrared cameras to find
heat loss. This thorough evaluation aids in identifying areas in need of improvement. These actions are
customized to meet the unique requirements and financial limitations of the industrial establishment.
Programmes for raising awareness, shutting off
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lights and appliances when not in use, and training
sessions may all be part of this. Continuous
monitoring and verification are necessary once
energy-saving measures are put in place to make
sure the anticipated energy reductions are achieved.
To monitor energy consumption throughout time and
pinpoint any areas that still require improvement,
energy auditors may carry out performance
evaluations and follow-up audits [15-30].

A REVIEW ON ENERGY AUDIT AT
INDUSTRIES

Aldona Kluczek and Pawel Olszewski has
discussed six case studies on different category of
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energy consumption was analyzed. Analysis on economic costs and environmental impact was made.
Energy audit was used as the tool for analysis of energy flow and energy saving opportunities. Results
indicate the reduction in the energy consumption by 30%, 13%, 70%, 14%, 10% and 5% for the stated
6 cases. This leads to reduction in energy consumption cost considerably [1].

A.Bohorb, A.Allouhi, R.Saidur, T.Kousksou, A.Jamil, Y.Mourad and A.Benbassou have explained
that improvement of DPF to a value of 0.98% was showed. Energy efficiency analysis of the interior
lighting was also performed. Voltage regulation has the potential of reducing 13.6% of the lighting
energy consumption. Energy savings related to the harmonic reduction was evaluated to be 26760
kwh/year. In this paper, level 2 energy audit performed for an industrial site [2].

Matteo Dongellin, Cosimo Marinosci and Gian Luca Morini have detailed that energy audit is a
powerful tool to achieve interesting energy savings. Pay-back time linked to a single action has been
calculated. Energy demand for heating varied from 6 to just over 74kwh/m year among the building of
the site. This paper presents the results of a preliminary energy audit carried out on eight large buildings
of a famous car manufacturing holding in Italy. Energy audit enabled to build a specific factory energy
model used in order to analyze the impact of various energy saving actions [3].

Elias Andersson, Magnus Karlsson, Patrik Thollander and Svetlana Paramonova have discussed that
the paper contributes to a further understanding of the intricate matters of industrial energy end-use and
energy efficiency measured. This study highlights the need to develop energy policy programs
delivering high-quality data. A unique categorization of their production processes energy end-use is
presented. The amount of energy used in various categories of production processes differ between
these industries [4].

W.J.Batty and S.D. Probert have explained that data collection leading to the result in the
identification and opportunities of achieving improved efficiency. Continuous effective management of
food quality and Consumption leading. The benefits are reduced running cost and improved working
conditions [5].

Te-Li Su, David Yih-Liang Chan, Ching-Yuan Hung and Gui-Bing Hong have discussed that the
energy audit are direct tools employed to help reduce energy consumption. The objective is to provide
on-site energy audit service and reduce production cost. This study of energy savings was implemented
in Taiwan's cement industry. The data obtained from the on-line Energy Declaration System in 2010.
The results revealed an energy saving potential of 2571.6 MWh of electricity and 1002.8 KLOE of
thermal energy [6].

Pongiannan, Murugaperumal, Krishnamoorthy, Suresh Srinivasan, Chandrasekaran C. Bharatiraja
Praveen Kumar, B.Santhan Kumar, Cherukuri Thanikanti Sudhakar Babu and Hassan Haes Alhelou
have explained that the reduction of energy consumption was by almost 21% per day. It saved company
utility energy by nearly 13.59 %. The energy-saving outcome is elaborated with cost-effective planning
and execution and converse energy consumed by the industrial sector. The implementation of energy
efficiency technologies and energy saving (ES) methods. Effective use of the existing machinery,
installing application-specific machinery, reduction/ avoiding energy wastage was also carried out [7].

K. Kamaleswaran, M.Venkateshwaran, P.Harinath, M.Adam Mydeen and V.Kirubakaran have
detailed that the balancing of loading has been achieved it not only reduces the power but also reducing
the power factor penalty. The concept of the energy or energy conservation potential study in the rural
industry is not easy as there is lack of awareness. In this paper, energy auditing of coir industry has been
carried out. Analysis on the power consumption, potential saving and load balancing has been made.
Results confirm that energy audit is highly essential [8].
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Lingbo Kong, Lynn Price Ali Hasanbeigi Ruanbin Liu and Ligeng Li have explored that the plant-
wide energy audit aimed at identifying energy conservation and CO2 mitigation opportunities at a paper
mill. It accounted for 5% of total global industrial energy consumption and 2% of direct industrial
carbon dioxide (CO2) emissions. During the audit period, the primary energy consumption was 6733TJ
and CO2 emission was 636,230 tonnes [9].

Diego Moya, Roberto Torres and Sascha Stegen have stated that the institutional framework
concentrating on the regulatory gap to promote energy audits in the country is assessed. The
international energy audit practice with a focus on government policies, energy audit standards, tools,
and techniques are applied on heat, ventilation and air conditioning (HVAC) systems. The lighting and
insulation impact are discussed. This study combines an analysis of Ecuador's national policies and
programs on energy audit. Data collected from a variety of local institutions involved in energy auditing
activities [ 10].

Derar Al Momani, Yousef Al Turk, Mohammed I. Abuashour, Haris M. Khalid, S.M. Muyeen,
Tha’er O. Sweidan, Zafar Said and M. Hasanuzzaman have explained that the crucial step in boosting
factory energy efficiency is the result of preliminary energy audit which is carried out in the middle
east. Monthly demand of the factory diesel ranged of 75,251.545 to 166,666.67L. In the factory primary
energy consumption developed in energy audit. In the optimizing energy used to boiler system
performance monthly financial saving 14205.85. 18% of energy will be used and CO- harmful emission
is used. Motor cast is less over all timing saving 3472.314 for month and 0.33576 for year. Total ton is
772.8202L for each year [11].

Eva McLaughlin and Jun-ki-Choi have said that energy audits are an important part of reducing
energy usage, cost and carbon emission. In the paper historical energy auditing data for U.S department
of energy research program. Result showed that the distributed random forest model compressed are
energy demand savings against the error of 17%. The results for studying proved important factors
contributing leaks in the compressing air pressured those repair the leakage regularly to save the money
and energy decreasing emissions [12].

Kawtar Ibn Batouta, Sarah Aouhassi and Khalifa Mansouri have shown that the industrial sector, and
in particular the manufacturing industry, have a significant share of global energy consumption and
greenhouse gas emissions. The objective of this study consists in surveying the recent systematic
literature reviews published on energy efficiency in the manufacturing industry between 2016 and 2022.
The present study generates and schematizes six categories that represent the current status of research
in the area: Energy Diagnostic, Energy Metering, Energy Optimization, Energy and Technology,
Energy Efficiency Strategic paradigms, and Energy efficiency drivers and barriers [13].

Hannes von Knorring has explained that an energy audit is a method for determining the most cost-
effective measures that improve energy efficiency in an organisation. Longitudinal action-research case
study of an energy audit performed in 2012. An analysis of the qualitative and quantitative material
collected during these two studies pointed in particular to the need to understand energy efficiency
measures in their organizational context. The more studies of practice are needed in order to evaluate
policies and programmes aimed at achieving a transition to low carbon emissions in the maritime sector
[14].

A. Gazi, G. Skevis and M.A. Fount have found that marble is one of the most aesthetically pleasing,
durable and long lasting decorative and building materials and plays an important role in the economy
of several European countries. The majority of quarrying and marble processing activities worldwide
are performed by Small-to-Medium Enterprises (SMEs). The present work provides a systematic
approach for assessing the current energy and environmental status of a typical European marble
quarrying and processing SME and proposes measures for meeting cleaner production objectives.
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Possible measures that may improve overall plant energy efficiency and environmental impact are also
proposed [15].

Shuowei Bai, Qingsong Hua, L.J. Cheng, Q.Y. Wang and Tobias Elwert have shown that the mining
activities significantly lower the sustainability in the stone mining region. Cleaner production (CP) is
more likely to be proposed to achieve the sustainable development in the mining regions. This paper
aims to establish a support framework for the stone mining industry to develop reasonable CP strategy
and avoid inefficient CP practices. The study also introduced the sensitivity analysis and confidence
interval (ci) theory to ensure the reliability of the system and the validity of the evaluation results,
respectively. A case study in Laizhou region of China illustrates how a CP strategy develops based on
the CP evaluation results.[16].

Sezen Ayber and Berna Haktanirlar Ulutas have discussed about the negative impacts on people and
environment should be minimized by considering all measures in marble sector where water and energy
consumptions, also waste generation are very high. Reducing the amount of waste material and
increasing the production efficiency. Study proposes a systematic methodology to assess marble
facilities in terms of human factors, environment, and economical aspects. Theory of Inventive Problem
Solving (Teoriya Resheniya lzobreatatelskikh Zadatch, TR1Z) method is used to solve the human
factors related problems [17].

Shuowei Bai, Hao Qiu, Lisa Rabe, Shun Jia, Tobias Elwert, Q.Y. Wang, Qing Wang and Yang Sun
have detailed that the energy consumption has become one of the main costs of the stone processing
industry and results insubstantial stress on the environment. Consequently, the energy-saving issue has
drawn increasing attention in the stone processing industry. Cutting power modeling is the crucial
technology of energy prediction of stone machining process, being the foundation of energy-saving
optimization. The cutting power changes dynamically during the variable material removal rate process
(V-MRR process). Therefore, the power characteristic of the V-MRR process is more complicated than
that of the constant material removal rate process (C-MRR process). In the stone processing industry,
various machining processes belong to the V-MRR process, such as block sawing, slab chamfering,
curved surface milling and grinding [18].

Sameer Hamoush, Taher Abu-Lebdeh, Miguel Picornell and Salah Amer have shown that this study
aims to investigate the techniques of manufacturing an improved engineered stone for better toughness,
ductility, durability, and thermal resistance. The new artificial stone consists of two layers. The back
layer is light, high impact resistance, and low heat conductivity for better insulation and energy cost.
Reduces the material unit weight, enhances ductility and toughness, and improves thermal resistance
[19].

F. Kalantzis and D. Revoltella have discussed that this paper contributes to the understanding of the
determinants of energy audits and to the role of energy audits in promoting energy-efficiency measures
in SMEs. The data collected within the European Investment Bank Surveys in 2017 and 2018, involving
information about energy audits and energy-efficiency investments of some 12,500 signatures from
EU28 Member States per year. Information is more crucial for small firms and for investments in
support processes such as lighting, wall insulation [20].

McKenna Patterson, Prashant Singh and Heejin Cho have shown that energy-saving opportunities
are procedurally evaluated factors, such cost of assessments, and assessment metrics, are currently
defining industrial energy assessment. Opportunities for improvement in the most energy-intensive
manufacturing processes are the energy savings and other non-energy benefits of each cost savings and
emissions reduction. Energy-intensive manufacturing is the greatest contributor to the U.S. industrial
energy consumption. The implementation of cost-effective, energy saving recommendations to the
existing equipment and processes shows better exploration in future [21].
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Joachim Schleich and Tobias Fleiter have explained that energy audits for business organizations
have been promoted for more than four decades. The paper analyses the effect of a German energy audit
programme involving more than 1,400 small manufacturing and non-manufacturing. Study involving
more than 2,000 organizations are the sample to business organizations with at most 50 employees. The
findings suggest that both types of audits spur the adoption of lighting, insulation, heating systems, and
operational measures to improve heating systems between 10 and 20 percentage points.

S.C.Tripathy, M.C.Roy and R.Balasubramanian have developed and energy auditing kit to find the
energy conservation opportunities. Analysis on the methods to reduce energy consumption was made.
The auditing kit needs essential tools in subdivision. Production system of any commodity in several
blocks or departments and a reliable metering or measurement system in each block. Stage of production
is to pinpoint the location of the higher energy consumption where greater attention [22], [23].

Fengsheng Chiena, Lihua Huangc and Wei Zhao have found that high level of energy demand
worldwide leads the regulators and researchers’ interest in producing efficient energy. The researchers use
secondary data extracted from World Development Indicators for the period 1986 to 2019. Using time
series analysis techniques, such as the ADF test for stationarity, the ARDL model, the evaluation on the
association. Multiple energy demands have a positive association with energy efficiency in China [25].

Inigo Bonilla-Campos, Nerea Nieto, Luis del Portillo-Valdes, Jaio Manzanedo and Haizea Gaztanaga
have explored that high technical energy efficiency improvement for practically each sector and
industry may be Energy Efficiency Measures. EEM to a specific process is a complicated task, due to
the different characteristic and restrictions of each specific manufacturing process. This tool allows us
to analyse both the possible synergies that may be created among the EEMs. The optimum solution or
combination of EEMs shows the impact on the overall energy efficiency among EEMs is shown energy
consumption reductions ranging from 21% to 50% [26].

K. F. Langley has declared that Energy consumption in GJ/tonne crude steel can be calculated from
the component SECs. SECBo s, SECEA r and S: are the component SECs for integrated steel making,
electric-arc steel making and finishing operations respectively, and e is the proportion of steel made by
the electric-arc process. SEC falls by 23.5 per cent to 15.6 GJ/tonne crude steel in AD 2000 in the high
scenario, and by 17.6 per cent to 6-8 GJ/tonne crude steel by AD 2000 in the low scenario [27].

Anna Kubule, Kristaps Lo Cmelis and Dagnija Blumberga have explained that the implementation
of energy efficiency measures promotes energy consumption reduction, reducing impact on climate,
ensuring energy security. The specific costs of energy efficiency measures are analyzed by energy
efficiency cost curve method. Energy efficiency potential depends on the existing energy consumption,
the overall technical possibilities and previously implemented energy efficiency measures [28].

Karlis Grinbergs and Ing Sandra Gusta have shown that opportunities for major energy efficiency
improvements in the industrial sector and many of them are cost effective. These energy conservation
measures are general and also niche specific industrial energy audit is a process that makes saving of
energy and raw materials possible. The energy savings exceed 70% of total energy demand [29].

David Yih-Liang Chan, Kuang-Han Yang, Jeng-Daw Lee and Gui-Bing Hong have performed on-
site energy audits of 118 firms iron and steel industry. It was found that the total potential energy savings
was estimated about 79,160.8 KL of crude oil equivalent (KLOE). It generates potential electricity
savings of 170,322.8 MWH, fuel oil savings of 22,235.1 kL, steam coal savings of 4922 tons, and
natural gas (NG) savings of 10,735 kilo cubic meters. This study has established a national database
presenting information and energy saving methods [30].

CONCLUSION
From the above literatures, it is found that energy audit is the best option to have sufficient knowledge
on the appliance operation at an industry. This perception will lead to energy efficient way of
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appliance/machine utilization and also with utilization of available renewable energy sources for
approved optimal system enhancement. Cost impact analysis through the energy audit conducted at
various industries has unveiled substantial opportunities for enhancing energy conservation measures
by reducing operational expenses. Thorough assessment encompassed energy consumption, spanning
lighting efficiency, equipment usage, and overall building energy utilization patterns. Through
meticulous data collection and analysis, it became evident that integrating wind power emerges as a
pivotal recommendation to mitigate energy costs and bolster sustainability efforts. Embracing
renewable power presents a multifaceted advantage for the industries. By embracing renewable power
technologies and implementing strategic tariff optimization strategies, the industry can achieve
significant cost savings while advancing its sustainability objectives.
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