OO

24ATME

atme College of Engineering

Module-3
Energy Auditing: Comprehensive Guide

Presented By : Dr Sathish KR

OO

Assistant Professor
Dept., of EEE
ATMECE Mysuru-28

Unlocking Efficiency Through
Systematic Energy Assessment

=




atme

ATME

College of Engineering

0]

02

03

04

05

06

07

08

Introduction to Energy Auditing

Elements and Types of Energy
Audits

Energy Audit Execution: Procedures and
Techniques

Energy Audit Reporting and
Implementation

Energy Use Profiles and Audit
Types

Instrumentation and Measurement in
Energy Audits

Energy Management and Performance
Benchmarking

Optimizing Energy Use and Adoption of
Efficient Practices



BJATME

atme College of Engineering

Department of EEE
Emitting Elite Energy

Understanding Energy Audits

03 Objectives of Energy Management
02 Role of Energy Audits in Industries

The overarching objective of energy

An energy audit is a systematic inspection,
survey, and analysis of energy flows in a
building, industrial facility, or system aimed at
energy conservation. It helps identify how
energy is used and highlights potential areas
for reducing energy consumption without
compromising productivity or comfort.
Especially in commercial and industrial real
estate, energy audits serve as the first step in
uncovering opportunities for energy savings,
minimizing energy expenses, dnd reducing the
carbon footprint. By critically assessing energy
consumption patterns, audits enable
organizations to develop targeted strategies
that contribute significantly to reducing energy

In industries where energy constitutes a
significant portion of operational costs, routine
energy audits become essential. These audits
enable companies to optimize their energy
procurement and utilization, helping minimize
waste and operational costs without affecting
production quality. The goal aligns with the
principles of energy management, which strive
to balance the production of goods and
services at the least cost and environmental
impact. Complying with legislations like the
Energy Conservation Act, 2001, energy audits
involve detailed verification, monitoring, and
technical analysis of energy usage, culminating
in actionable reports with cost-benefit
evaluations.

management is multifaceted: to maintain
optimum energy procurement, maximize
energy efficiency throughout the organization,
minimize energy costs and wastage, and
reduce environmental impact. This pursuit
ensures sustained operational efficiency,
enhances competitiveness, and contributes to
national and global energy conservation goals.
Successful energy audits provide benchmarks
and continuous improvement pathways,
empowering organizations to refine energy
strategies systematically.

bills while supporting sustainability goals. I
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Energy Audits as a Tool for Cost Reduction

For industries, labor, materials, and
energy dre typically the highest
operating expenses. Energy audits
provide a deep insight into current
energy consumption trends,
identifying areas prone to waste and
opportunities for efficiency
improvements. Such evaluations
enable companies to design energy
cost reduction programs, integrate
preventive maintenance, and
enhance quality control, all of which
are critical for optimizing production
and utility operations. Implementing
audits periodically helps maintain
vigilance on energy costs and supply
reliability.

The audit process translates energy
conservation ideas into operational
realities, offering technically feasible,
economically viable solutions within
specified timeframes. It aids in
decisions regarding energy mix
adjustments, identifies conservation
technologies, and recommends
retrofitting measures. By focusing on
measurable metrics, audits make
energy conservation a core element
of industrial operations, promoting
sustainability alongside profitability.

Necessity of Energy Audits

ey oo ergy

A fundamental goal of energy audits
is to find ways to reduce energy
consumption per unit of product
output, thus lowering operating costs
without affecting performance. These
audits establish energy usage
benchmarks critical for planning and
managing energy more effectively
throughout the organization. In doing
so, they foster a culture of continuous
energy performance improvement.
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Preliminary Energy
Audit

© Detailed Energy Audit

The preliminary energy audit is a quick evaluation designed to establish the
organization’s energy consumption baseline, estimate potential savings, and identify
areas for further detailed study. This audit typically relies on existing or easily
obtainable data such as utility bills, operational records, and interviews. It focuses on
identifying low-cost/no-cost energy-saving opportunities, setting reference points, and
prioritizing areas for in-depth analysis, making it a valuable first step in energy
management.

A detailed audit is an exhaustive process that involves thorough examinations of all
major energy systems within a facility. It evaluates energy use systematically through
multiple phases—Pre-Audit, Audit, and Post-Audit. This audit delivers a comprehensive
energy project implementation plan, assessing interactive effects of systems, providing
precise energy savings estimates, and calculating costs. Data collection is extensive
and includes measurements, process flow charts, energy balances, and performance
trials. The detailed audit informs strategic investments in energy conservation and
technology upgrades.
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Pre Audit Phase

The Pre-Audit phase sets the foundation by
meticulously planning and organizing all activities
related to the audit. Resource allocation, team
formation, scheduling, and initial familiarization with
the facility's operations take place. interviews and
informal data gathering enable auditors to
understand existing processes, operating practices,
and energy use patterns, which help shape the scope
and depth of subsequent activities.

Audit Phase

During the Audit phase, primary data collection occurs with
detailed surveys, measurements, and operational
assessments. This phase includes historic data analysis,
process flow diagram preparation, and monitoring of
energy-intensive equipment. Trials and experiments are
conducted to verify efficiency and losses. The analysis
identifies energy wastage and conservation opportunities,
forming the basis for cost-benefit evaluations.

Energy Audit Methodology and Phases

Post Audit Phase

The Post-Audit phase focuses on reporting, presenting
findings to management, and assisting with
implementation of recommended energy
conservation measures (ENCON). Follow-up and
performance monitoring ensure that improvements
are realized and sustained. The phase emphasizes
systematic action planning and periodic evaluation,
critical for successful energy management program
rollouts.
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4 Site Preparation and Initial Y] Extensive Data Gathering and Measurement 29 Process Flow Diagrams and Energy Balances

The auditor's initial site visit is i Collecting precise data across Mapping process flow diagrams is an
crucial for establishing . different time frames—covering i analytical tool that visually represents
relationships with management, . peak, normal, and off-peak periods ; energy and material streams within

the plant. This aids in identifying
energy intensities, waste streams, and
inefficiencies. Energy balances
constructed from this data compare
theoretical energy inputs with actual
consumption to quantify losses and
pinpoint conservation opportunities.

energy-consuming equipment, : and el:—:‘(.:tricity consumptior}
and available instrumentation. Er?ductlon VOIUTES’ th:r:jll
L . alances, operational schedules
This visit lays down the audit ! P , '
. . and equipment load profiles.

framework, defines the audit ) . )

) - Effective data collection practices
team, identifies energy hotspots,

: : are designed to be as non- : This methodology supports targeted
and determines requirements . intrusive as possible but detailed : interventions in process and utility
for additional metering or . enough to detect inefficiencies and © systems.
instrumentation necessary for . validate operational assumptions. :

dccurate data collection.
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Identification of Energy Conservation Opportunities

* Fuel Substitution and Energy Generation
Improvements

* Energy auditors look for fuel

= Economic and Technical Feasibility
Assessments

= Potential measures are evaluated for

* Energy Distribution and Utilization Efficiency

* Optimization opportunities within

substitution options that improve
efficiency and reduce costs/
pollution. Examples include replacing
coal with biomass or switching to
natural gas where feasible. Audits
also explore enhancements in
energy generation systems such as
captive power plants and optimal
boiler operations to maximize
combustion efficiency and minimize
fuel usage.

energy distribution systems such as
electrical transformers, switchgear,
and compressed air networks are
examined. Improving power factor,
reducing losses in cables, and
enhancing efficiency in chilled water
and cooling systems can yield
significant savings. Process-level
improvements through equipment
optimization and process integration
measures are often the most
substantial contributors to energy
conservation.

technical feasibility by examining
technology availability, space
constraints, workforce skills, and
impact on quality and safety.
Economic viability is usually
assessed by calculating payback
periods, net present value, or internal
rate of return. Prioritizing projects
based on these analyses ensures
resources are allocated effectively to
maximize returns.
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Preparing an Effective Energy Audit Report

Report Content and Structure

The audit report is a comprehensive document including
acknowledgments, executive summary, plant overview,
energy use details, process descriptions, utility system
analyses, detailed energy and material balances, and
energy conservation options. It classifies recommendations
based on investment levels, expected savings, and payback
periods. Annexures include worksheets, instrument lists, and
vendor information, providing practical tools for
implementation.

Communicating Results to Stakeholders

The report must communicate findings in an accessible
manner, focusing on actionable insights and prioritized
meadsures. Presentations to top management aim at
securing commitment for investments by emphasizing cost
savings, environmental benefits, and operational
improvements. Clear documentation supports transparency
and provides a roadmap for institutionalizing energy
management.
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Action Plan Development and Scheduling

Post-audit actions include developing detailed implementation
schedules that assign responsibilities, set timelines, and allocate
budgets for energy conservation measures. Energy management
teams coordinate these efforts, ensuring alignment with
orgadnizational goals and operational constraints.

@

Monitoring, Verification, and Continuous Improvement

Ongoing monitoring of implemented meadsures is essential to verify
expected savings and identify further opportunities. Periodic reviews
maintain momentum, adapt to changing operational needs, and
embed energy efficiency as a core principle. This cyclical feedback
process supports sustained energy performance enhancement.
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Energy Use Profiles in Industrial Settings

Overview of Energy Consumption Patterns Audits Required to Build Profiles

Industrial energy use varies by fuel type and function, with Various audits collectively establish an energy use profile:
electricity commonly representing the largest share These audits collectively provide comprehensive data
(~49%), followed by natural gas (~29%) and liquid fuels that shape conservation and efficiency initiatives.

(~13%). Energy consumption is distributed across
processes, building services, lighting, HVAC, and utilities
like steam and compressed air. Profiling energy use by
these categories aids in developing targeted
conservation strategies.
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Types of Energy Audits and Their Application

Preliminary vs. Detailed Audits Selection Criteria for Audit Types
Preliminary audits provide quick assessments to The choice between audit types depends on the
pinpoint major issues and savings potential with function and complexity of the facility, desired depth of
minimal data collection. In contrast, detailed audits analysis, potential for cost reduction, and available
involve extensive site investigations, measurements, resources. Facilities with high energy consumption and
modeling, and cost analyses to develop technical complexity benefit most from detailed audits,
comprehensive energy management plans tailored to while smaller or simpler operations might begin with
specific operational contexts. preliminary audits to initiate energy management

efforts.
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Essential Instruments for Energy Auditing

Question]

Specialized Instruments and Practical Tips
Additional tools include pitot tubes for air velocity,
tachometers for rotational speed, and ultrasonic leak
detectors for compressed air faults. Practical data
collection emphasizes using the right instrument at the
right time, focusing on sufficient accuracy rather than
Impr°V9 theoret?cul maximum precision. Prop.er plunr.win.g and .

strategic measurement key to reducing audit time while
maximizing data usefulness.

Electrical and Thermal Measurement Tools QueStlo n

VS

Accurate energy auditing relies on a variety of portable,
durable, and easy-to-operate instruments, including:
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Measurement Accuracy and Data Handling

4 ) 4
Avoiding Common Data Collection Pitfalls Data Management for Audit Success
Effective auditing requires frequent and accurate Collected data must be systematically recorded,
measurement to capture process variations including andlyzed, and integrated into audit reports. Visual tools
start-up and shut-down phases. Estimations should be such as energy flow diagrams and pie charts enhance
minimized by prioritizing direct measurements understanding and communication of consumption
wherever feasible. Measurement systems should be patterns. This comprehensive approach facilitates
user-friendly and reflect operational reality to support e identification of inefficiencies and supports evidence-
correct conclusions. Data quality directly influences , based energy management decisions.
decision-making and successful energy conservation l
implementation. ‘ vs




Role of the Energy Management Team

Functions and Responsibilities Coordinating Stakeholder Engagement

The energy management team leads the audit process by Success depends on cooperation from all levels of
completing data collection, preparing conservation management and staff. The team organizes training,
programs, estimating budgets, identifying energy awareness programs, and regular communications to

inefficiencies, and scheduling audits. They initiate
corrective actions, oversee implementation of energy-
saving measures, evaluate performance gains, and
promote energy awdreness across the organization to
foster a culture of sustainability.

ensure energy conservation objectives align with
operational priorities, encouraging proactive
participation and continuous improvement.
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Benchmarking for Continuous Improvement

Person in Execution

Internal and External Benchmarking Project Project Code Remark

Practices
Benchmarking compares energy consumption F’roject]
metrics either internally over time or externally

against similar facilities. Key parameters include

production volume, energy consumption per Project2
output unit, equipment efficiency, and technology
vintages. This comparison reveals best practices,

charge Phase

helps set performance targets, and provides PI’O]ECtS
evidence for energy management decisions.
Project4
Projectb
Energy Performance Indicators and Metrics
Common indicators include specific energy PI’DjE}Ctﬁ

consumption (kWh per ton of product), thermal
efficiency percentages, power factor, and equipment )
load profiles. Tracking plant energy performance F’l’D]ECt?
relative to a baseline year quantifies improvements and
justifies investments. Monthly and annual reporting

fosters accountability and timely corrective actions. PI’O]ECtB

Project9
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Matching Energy Usage to Requirements

Addressing Equipment and Load Mismatches

Energy inefficiencies often arise from equipment operating at capacities
mismatched to actual requirements, leading to wastage. Solutions include
resizing pumps, installing variable speed drives, modulating chilled water
temperatures, and reducing throttle losses via mechanical or control
adjustments. Optimizing load distribution can significantly reduce
unnecessary energy consumption.

@

Enhancing System Efficiency Through Maintenance and

E*Pﬁéﬂﬂﬁ% elimination of steam leaks, maximizing condensate
recovery, and adopting combustion controls improve energy
conversion efficiency. Replacing outdated equipment such as
compressors, boilers, and motors that have demonstrated poor
performance stands as a practical step to secure long-term energy
and cost reductions.



BJATME

atme |College of Engineering

Fuel and Energy Substitution Strategies

Substituting Fossil Switching from coal or oil to natural gas, biogas, or biomass fuels can yield
Fuels for Cleaner environmental and economic benefits. Fuel substitution also entails considering
Alternatives availability, transport costs, quality, and calorific value to maintain efficient operations.
India’s energy landscape reflects many such substitutions supporting energy efficiency
paradigms.
o Impact and Substitution strategies require thorough technical and economic assessments,
Implementation including impacts on process safety, supply reliability, and cost-effectiveness.

Successful adoption also depends on stakeholder buy-in and often needs incremental
implementation with pilot testing and monitoring to validate performance.

This structured presentation offers a detailed and holistic view of energy auditing, from
fundamental concepts through technical execution, reporting, and continuous energy
management. It is suitable for training, organizational awareness, and process
improvement initiatives aimed at sustainable energy use.

Considerations
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