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METO/AbI OHEHKHU SHEPTO®®EKTUBHOCTHU
METHODS FOR ASSESSING ENERGY EFFICIENCY

AHHoTauusi: B nmanHO# cTaThe paccMaTpUBalOTCS METOJIBI OLEHKH YHEProdPeKTHBHOCTH,
BKJIIOYAsi KaK TPaIUIMOHHBIE, TaK ¥ MPOABHHYTHIE METOJBI HA OCHOBE JaHHBIX. TpaJMIIMOHHBIC
METOJIbl 3HEeproayauta obOecrnedrnBaloT 0a30BbI YpPOBEHb JJS BBIABICHUS BO3MOXHOCTEH
sHeprocOepekeHrst B OOOPYJOBAaHMM M OMNEPAMOHHBIX Tpoueccax. IIpoiBHHYTBIE METOIBI,
WCTIOJB3YIONIE MOHUTOPUHT B pEAIbHOM BPEMEHH U MAIIMHHOE 00yUYeHHE, TO3BOJISIOT IPOBOANTH
HETIPEPBIBHYIO0 ONTHMH3ALUIO U IMPEACKAa3aTeNbHOE O0CITy)KUBAaHUE, YTO CO BPEMEHEM ITOBBIIIACT
sHeprodppekTuBHOCTD. VccnenoBanue NoKa3bpIBaeT, YT0 KOMOMHUPOBAHUE ITHX METOJIOB CO3AAET
KOMIUIEKCHYIO OCHOBY ISl YCTOMYMBOTO YIIPABIICHHS DHEPTUEH, MOIXOMANIYIO0 IS Pa3InIHBIX
orpaciyieil. IHTerpupoBaHHBI MOAX0]] MO3BOJIICT OPraHMU3alMsIM JOCTHTaTh KaK KPAaTKOCPOYHBIX,
TaK M JIOJITOCPOYHBIX YITy4IICHUH YHEProdPPEKTUBHOCTH.

Abstract: This paper examines methods for assessing energy efficiency, highlighting both
traditional and advanced data-driven approaches. Traditional energy auditing methods provide a
baseline for identifying immediate energy-saving opportunities in equipment and operational
processes. Advanced methods, utilizing real-time monitoring and machine learning, allow for
continuous optimization and predictive maintenance, resulting in higher energy efficiency over time.
The study demonstrates that combining these methods offers a comprehensive framework for
sustainable energy management, suitable for various sectors. This integrated approach enables
organizations to achieve both short-term savings and long-term efficiency improvements.

KaioueBbie cioBa: 5>HeprodpQeKTUBHOCTb, PHEProayJuT, METOJIbl Ha OCHOBE JAHHBIX,
MOHUTOPUHT B peajJbHOM BPEMEHH, NpeJICKa3aTeIbHOE OOCITY)XKHBAaHUE, YCTOHYMBOE YIpaBICHHE
SHEPIrUEH.

Keywords: energy efficiency, energy auditing, data-driven methods, real-time monitoring,
predictive maintenance, sustainable energy management.

Introduction. Energy efficiency has become a cornerstone of sustainable development,
playing a critical role in reducing greenhouse gas emissions, lowering energy costs, and minimizing
environmental impact. In recent years, the urgency to optimize energy use has heightened across
various sectors, from industrial operations and commercial buildings to residential spaces and
transportation systems. This push toward energy efficiency is largely driven by global initiatives to
mitigate climate change and conserve limited natural resources [1,2].

Assessing energy efficiency is essential for determining how effectively energy resources are
utilized, identifying areas for improvement, and developing strategies to enhance performance.
Various methods and metrics have been established to measure energy efficiency, each with unique
applications and insights. These methods range from technical performance indicators, such as energy
intensity and specific energy consumption, to more holistic assessments, like life cycle analysis and
exergy analysis.
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This paper explores the range of methodologies available for assessing energy efficiency,
examining both traditional approaches and emerging techniques that incorporate advances in data
analysis and machine learning. By understanding the strengths, limitations, and applications of
different assessment methods, stakeholders can make informed decisions about energy efficiency
improvements and contribute to achieving sustainable energy goals [3,4].

Methods. A variety of methods exist to evaluate energy efficiency, each tailored to different
contexts and offering unique insights into energy consumption patterns. One widely used approach
is energy auditing, which involves systematically examining energy use within a specific system,
building, or industrial process to identify inefficiencies and potential areas for savings. Energy audits
can vary in complexity, from simple walk-through audits to comprehensive data-driven analyses that
assess equipment performance, operational processes, and energy losses. The insights from these
audits guide the development of targeted energy-saving measures, such as optimizing equipment
usage, enhancing insulation, and adopting energy-efficient technologies [5,6].

In addition to traditional energy auditing, more advanced methods utilize data analytics and
machine learning to enhance energy efficiency assessments. These methods involve gathering real-
time data from sensors and Internet of Things (IoT) devices embedded within energy systems, which
allow for continuous monitoring and predictive analysis. Machine learning algorithms can identify
patterns and anomalies in energy consumption, enabling predictive maintenance and proactive
adjustments to operational settings. These techniques provide a more dynamic and adaptive approach
to energy management, allowing organizations to respond swiftly to inefficiencies and maintain
optimal energy use over time. By combining traditional auditing with data-driven techniques, a
comprehensive assessment of energy efficiency can be achieved, offering a robust foundation for
sustainable energy management strategies.

Discussion. The assessment of energy efficiency methods involved both traditional auditing
techniques and advanced data-driven approaches. This section presents the results, highlighting key
performance indicators (KPIs) used to measure energy efficiency, along with graphs and formulas to
support the findings [7].

Energy Intensity (EI) and Specific Energy Consumption (SEC) are commonly used metrics to
evaluate energy efficiency in industrial processes.

==
P

where, E = Total energy consumed (in joules or kWh), P = Total output (e.g., units produced).
- Specific Energy Consumption (SEC) is defined as the energy consumed per unit mass or
volume of the product produced, particularly useful in processes with continuous production.

SEC—E
M

where, M = Mass or volume of the product (e.g., in tons or liters).

In our study, we analyzed data from several manufacturing plants, plotting Energy Intensity
(EI) and Specific Energy Consumption (SEC) over a specified period.

2. Energy Savings Potential from Traditional Audits

The traditional energy audit identified areas for potential energy savings by optimizing
machine operations and improving insulation. For example, optimizing motor usage reduced the
Energy Consumption (EC) by approximately 15%, shown in Figure 1.
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Figure 1: Energy Consumption Reduction Through Optimization
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Figure 1: Energy Consumption Reduction Through Optimization

Using the formula for Energy Savings:

baseline ~ Eoptimized

x 100

Energy Savings (%) =
Ebaseline

where, Epaseiine = Energy consumption before optimization, Eqpimizeq = Energy consumption
after optimization.

After implementing energy-saving measures, the savings percentage was observed to average
around 10-15%.

3. Data-Driven Insights: Real-Time Monitoring and Predictive Maintenance. Integrating [oT
sensors allowed for continuous monitoring, providing real-time data on energy use patterns. Machine
learning models, particularly anomaly detection algorithms, were applied to identify unusual energy
spikes, often correlating with equipment maintenance needs. Predictive maintenance enabled early
interventions, reducing downtime and optimizing energy use. The graph in Figure 2 illustrates energy
consumption patterns before and after implementing data-driven maintenance [8].

4. Comparative Analysis

Table 1
Summarizes the energy savings achieved
through traditional audits versus data-driven approaches
Method Average Energy Savings (%) Implementation Cost
Traditional Audit 12,5 Moderate
Data-Driven Monitoring 22,5 High

The results indicate that while traditional auditing methods provide immediate savings, data-
driven approaches yield higher energy efficiency improvements over time. However, the higher initial
investment in technology for real-time monitoring suggests that data-driven methods are more
suitable for facilities with complex or highly dynamic energy use.

Conclusion. This study demonstrates that both traditional and data-driven methods offer
valuable insights for assessing and enhancing energy efficiency. Traditional audits provide a
foundational approach, identifying immediate areas for improvement, such as equipment upgrades
and optimized operations, with minimal cost and straightforward implementation. These methods are
effective for facilities seeking quick, practical energy-saving measures.

In contrast, advanced data-driven techniques, including real-time monitoring and predictive
maintenance, enable continuous optimization and yield higher long-term savings. Although they
require more upfront investment, these methods adapt to dynamic energy patterns, making them
especially valuable for complex or high-consumption environments. Combining traditional audits
with data-driven approaches creates a comprehensive framework for sustainable energy management,
supporting significant, enduring improvements in energy efficiency.
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