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Abstract

The present study aimed to analyze the application of the Lean Kaizen methodology in energy management
through a comprehensive review of recent cases. To do so, the PRISMA (Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses) methodology was used, which allowed for the identification, selection, and synthesis
of relevant information from renowned academic databases such as Scopus, ERIC, Dialnet, Google Scholar, and
Springer. The review focused primarily on research conducted in the industrial and agri-food sectors of Latin
America, as well as in other regions where energy efficiency is a significant challenge. The results showed that
Lean Kaizen is an effective tool for the continuous improvement of energy-related processes, achieving significant
reductions in resource consumption and operating costs. A close relationship was also identified between its
application and the strengthening of an organisational culture oriented towards sustainability, as well as the
promotion of active staff participation. The conclusions highlight that, despite the difficulties encountered during
implementation—such as resistance to change and lack of training—Lean Kaizen is an adaptable and replicable
methodology in different contexts, promoting more efficient, conscious, and sustainable energy management. This
research provides valuable evidence to promote practices that integrate continuous improvement and
environmental responsibility in the industry.

Keywords: Lean Kaizen, energy management, continuous improvement, energy efficiency, organizational
sustainability.

Resumen

El presente estudio tuvo como objetivo analizar la aplicacién de la metodologia Lean Kaizen en la gestion
energética mediante una revision exhaustiva de casos recientes. Para ello, se empled6 la metodologia PRISMA
(Elementos Preferidos para Reportes de Revisiones Sisteméticas y Metaanalisis), que permitié identificar,
seleccionar y sintetizar informacion relevante proveniente de bases académicas reconocidas como Scopus, ERIC,
Dialnet, Google Scholar y Springer. La revision se centrd principalmente en investigaciones desarrolladas en los
sectores industrial y agroalimentario de América Latina, asi como en otras regiones donde la eficiencia energética
constituye un reto significativo. Los resultados evidenciaron que Lean Kaizen constituye una herramienta eficaz
para la mejora continua de procesos relacionados con la energia, logrando reducciones significativas en el
consumo de recursos y los costos operativos. Asimismo, se identificé una relacién estrecha entre su aplicacion y
el fortalecimiento de la cultura organizacional orientada hacia la sostenibilidad, asi como la promocién de la
participacion activa del personal. Las conclusiones destacan que, a pesar de las dificultades encontradas durante
la implementacién —como la resistencia al cambio y la falta de capacitacion—, Lean Kaizen es una metodologia
adaptable y replicable en distintos contextos, favoreciendo una gestion energética méas eficiente, consciente y
sostenible. Esta investigacién aporta evidencia valiosa para fomentar practicas que integren mejora continua y
responsabilidad ambiental en la industria.
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Introduction

How does the implementation of Lean Kaizen methodology in energy management contribute to the
reduction of commercial energy losses, according to evidence derived from systematic case studies? Currently,
amid the increasing demand for energy and the pressure industries face to optimize their resources, a significant
challenge emerges: inefficiency in energy management, which is particularly reflected in commercial losses and
affects both profitability and the long-term sustainability of organizations (Alvarez & Concha, 2024).

Despite technological advancements, many companies still struggle to minimize energy waste, generating
negative economic and environmental impacts. In this context, investigating the application of Lean Kaizen
methodology, which focuses on continuous improvement and waste elimination with a specific emphasis on energy
management, becomes pertinent (Laoyan, 2025).

This study is relevant as it offers an innovative and structured approach to addressing energy challenges
from the perspective of operational efficiency. The primary motivation lies in rigorously examining, supported by
concrete data, how Lean Kaizen can enhance energy management and reduce commercial losses while fostering
an organizational culture oriented toward continuous improvement (Vargas & Camero, 2021). Globally, while
multiple studies exist on Lean and Kaizen across various sectors, there remains a lack of systematic analyses
evaluating their specific impact on energy management.

For instance, at the GE Gas Power plant in Schenectady, New York, which manufactures steam turbines
for power plants and spans 1.1 million square feet, the operational team faced the challenge of detecting
compressed air leaks in such an extensive area. By implementing Lean Kaizen principles, which emphasize
continuous improvement through direct observation in the workplace, they identified a significant leak caused by
a defective air dryer. This failure not only resulted in compressed air waste but also led to high energy consumption.
Thanks to detailed analysis, on-site observation, and collaboration among multidisciplinary teams, the issue was
resolved, resulting in an estimated annual savings of approximately 230 MWh and nearly $15,000 in energy costs
(Morey, 2022).

In Latin America, Lean Kaizen methodology has begun to establish itself as an effective approach to
optimizing both operational and energy efficiency across various industrial sectors. However, it has not yet reached
the level of systematization observed in developed countries. Manufacturing, agribusiness, and energy companies
have started adopting continuous improvement principles to reduce waste, maximize resources, and promote
environmental sustainability (Cavero, 2025).

Countries such as Mexico, Colombia, and Brazil stand out, where successful initiatives have demonstrated
that applying Kaizen events contributes to reducing energy consumption in production lines. Additionally, the
utilization of equipment has improved through Total Productive Maintenance (TPM) and tools such as Value
Stream Mapping (VSM). Although regional statistical data are limited, reported cases show energy consumption
reductions ranging from 15% to 30%, along with significant progress in the organizational culture toward
sustainability. These results indicate that Lean Kaizen is not only applicable in the Latin American context but also
a key tool for addressing competitiveness and energy efficiency challenges in the region (Pifiero et al., 2019).

From a theoretical framework, this study is grounded in the concept of continuous improvement (Kaizen)
and Lean philosophy, whose principles aim to optimize processes through the identification and elimination of
waste (muda), standardization of activities, and active participation of personnel. These theoretical foundations
are complemented by energy management models inspired by standards such as ISO 50001, which provide
guidelines for establishing efficient energy systems (Cousins, 2023).

Ultimately, the primary objective of this research is to conduct a thorough analysis through a systematic
review of cases to evaluate the effectiveness of Lean Kaizen application in energy management and its impact on
reducing commercial energy losses. This analysis will identify trends, best practices, limitations, and key factors
for success in various organizations that have implemented this methodology.

Methodology

This research adopted a qualitative approach, based on a detailed analysis of case studies with both
descriptive and inferential characteristics. The primary goal was to explore, examine, and compile existing
information regarding the use of Lean Kaizen methodology in energy management, identifying operational
challenges and successful strategies implemented in various industrial settings. To ensure transparency,
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traceability, and comprehensiveness of the process, the PRISMA protocol was applied, facilitating the development
of a clear and replicable methodological structure.

1. Identification stage

In this phase, a systematic search of the scientific literature was conducted in recognized academic
databases, such as Scopus, Springer, Dialnet, ERIC, and Google Scholar. Searches were executed using
combinations of keywords such as “Lean Kaizen,” “energy management,” “energy efficiency,” “industrial energy
waste,” “continuous improvement,” and “Lean tools in energy,” combined using boolean operators AND and OR to
optimize the relevance of the results. This procedure allowed for the collection and filtering of relevant information
aimed at identifying the most effective management practices, as well as internal and external factors influencing
energy efficiency in industrial contexts applying Lean Kaizen.

Table 1
Search strategy for the study

Database Keywords with Boolean operators Identified studies
("Lean Kaizen" AND "energy management") OR ("continuous improvement" AND
ERIC ; . " 14
industrial energy efficiency")
("Lean" AND "Kaizen" AND "energy efficiency") OR ("Lean tools" AND "energy
Scopus # " " 22
waste" AND "industry")
. ("Mejora continua™ AND "gestion energética") OR ("Lean Kaizen" AND "eficiencia
Dialnet O o 11
energética industrial")
Google ("Lean Kaizen" AND "energy management") OR ("Lean Manufacturing" AND 34
Scholar "energy optimization")
Springer ("Lean Kaizen" AND "energy efficiency") OR ("continuous improvement" AND 17

"energy use" AND "case study")

As a result, a total of 98 records were identified; after removing 12 duplicates, 86 studies remained for the
next stage.

2. Selection stage

In this stage, to preserve the quality and relevance of the studies, inclusion and exclusion criteria were
applied based on the PRISMA model:

Inclusion criteria:

Articles published between January 2020 and March 2025.

Publications in Spanish and English.

Research focused on agricultural supply chains.

Studies developed in the context of higher education or relevant related fields.

Exclusion criteria:

e Duplicate articles or those in languages other than Spanish or English.

e Research focused exclusively on agricultural supply chains, agro-food logistics, distribution,
marketing, or transportation of agricultural products.
Works lacking full-text access or that lacked methodological rigor.
Opinion articles, editorials, or essays without scientific grounding.

3. Eligibility stage

The titles and abstracts of the 98 identified studies were reviewed, excluding 12 for duplication and 45 for
not meeting the established criteria. From the remaining 41 studies, access to full texts was sought, but 16 could
not be retrieved due to access restrictions. Subsequently, after a thorough review, an additional 14 articles were

LatinREV | B 3

e TR




discarded due to issues related to methodological relevance and the pertinence of the educational context of the
applied simulations.

4. Inclusion and synthesis stage

Finally, 11 studies that fully met the defined criteria were included. These documents underwent in-depth
analysis to extract relevant and significant findings. Below, the corresponding flowchart for the PRISMA analysis
is presented.

Figure 1
PRISMA flow diagram
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Results and discussion

Based on the systematic review conducted on the 11 selected articles, the findings are presented in the

following tabular format.

The strategy of this research was grounded in a qualitative approach, supported by a thorough review of
cases. The objective was to identify, analyze, and synthesize existing evidence related to the application of Lean
Kaizen methodology in energy management. Through an organized process, information was gathered from
recent studies addressing similar topics in productive areas such as agro-food logistics, distribution, marketing,
and transportation, where continuous improvement tools were also employed to achieve satisfactory results in

operational and energy efficiency.

Table 2
Results of the systematic review

Authors . Relationship to Lean
No. (Year) Title Study Type Results Kaizen in Management
The types of waste
present throughout the The application of Lean
panela production Kaizen in the agro-industrial
process were identified, sector demonstrates that by
along with the current adopting the 58S principles
state of order and and formalizing
The application of cleanliness, and the administrative processes,
Startup Lean- Lean-Kaizen manner in which even the smallest companies
Kaizen in the philosophy has operations are executed can achieve continuous
Production proven effective for  to obtain the final product. improvements in quality,
(Contreras et o . . . g :
1 al., 2024) Processes of organizations to With the implementation efficiency, and production.
" Panela: The achieve continuous  of the cleaning program From a management
Case of a improvement in (5S) and the perspective, it shows how
Sugar Mill quality and standardization of leading processes with Lean
productivity. operational procedures, methodologies fosters an
the main sources of organizational culture
waste and dirt were focused on the systematic
eliminated, in addition to elimination of losses and
reducing the time strengthening operational
required for discipline.
manufacturing.
Various technical
lg?ggr?gthioach improvements aimed at The standardization of
n app ’ increasing energy procedures proved
organizational - .
| . efficiency were applied. fundamental for the
ncreasing processes were .
. . The results showed an development of Kaizen
Energy analyzed to identify . o ey : -
. . e increase in this efficiency, projects, which can be
(Androniceanu Efficiency key vulnerabilities . . ) - . .
2 etal, 2023) Based on the and implement with reductions in applied with certain
" ) consumption of 7.5% in limitations. The implications
Kaizen necessary T o
the production line, 3.5% of these results are analyzed
Approach changes that

enhance energy
consumption
efficiency.

in the extrusion stage,
and up to 20% in the
injection stage of the
manufacturing process.

to better understand the
reduction of energy
consumption.
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Lean Energy

Energy-flexible
processes and the
valorization of

Processes that present
energy consumption
above the industrial
average are considered
bottlenecks. The use of
value stream maps
specific to energy

The combination of the Lean
Energy Efficiency Method
with the Bayesian Belief
Network Method will enable

Efficiency: consumption is -
o energy waste are - . decision-makers to develop
. Application . recognized as a practice . .
(Kazim et al., - well-established e more informed strategies
3 Scenario . of “Efficient Energy
2024) L strategies, as they - » based on knowledge. The
Analysis in a . Efficiency.” The . :
: . can be easily . case study is conducted in a
Refrigeration . . parameters obtained from .
implemented in refrigerator factory that
Plant . these maps are
any manufacturing manages energy
complemented and . .
plant. . consumption across different
enriched through the departments
analysis of established P ’
interdependencies
between the various
related elements.
Initially, . Mathematical models aimed
. The main focus was to . .
mathematical at reducing production costs
Proposal for an use both models—
- models were . were proposed, and
Efficient mathematical and . .
IR proposed to : . subsequently, the simulation
Distribution . simulation—to compare . .
reduce production ; technique was applied to
System for results. The analysis . t
. costs, followed by - electrical transmission and
4 (Momenitabar  Solar Power the application of conducted with the distribution systems
etal., 2021) Plants Using ; . CPLEX tool of MATLAB o o
. simulation Additionally, two criteria were
Mathematical ; Software 2019 allowed X ST
. techniques to e 3 considered for comparison:
Modeling and . for a significant reduction .
. ; electrical . the different costs of the
Simulation . in energy demand costs
i transmission and o . system and the rate of
Techniques e within the electrical .
distribution P energy waste during
distribution system. o
systems. transmission.
Expert systems The most advanced The research reveals how
(ES) provide the approaches to expert Lean tools can be
A Svstematic opportunity to systems for improving complemented with
Rev)i/ew of overcome this energy efficiency in the automated expert systems
Expert Systems challenge by manufacturing industry for energy management.
(loshchikhes forFim ro)\//in automatically are systematically Lean management includes
5 P 9 identifying potential identified. The methods that structure
etal., 2024) Energy

Efficiency in the
Manufacturing
Industry

improvements in
energy efficiency,
playing a
fundamental role in
reducing electricity
consumption.

bibliographic search
yielded 1,692 results, of
which 54 articles
published between 1987
and 2023 were analyzed
in depth.

information and automate
diagnostics, facilitating well-
founded decisions and
allowing for a more proactive
approach to electricity
consumption in the industry.
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Expert systems

Publications were
classified according to
system scope, type of

Digitalized business models
integrating Lean Kaizen are
transforming energy

Business (ES) represent a manufacturing, management in industries by
Models for key tool for tackling perspective and combining a culture of
Digitalization the challenge of application purpose, type  continuous improvement
Enabling improving energy of expert system, and with intelligent technologies.
(Zhipeng et Energy efficiency by industrial sector. From a managerial
6 al 5022) Efficiency and automatically Additionally, the structure, perspective, this promotes
” Flexibility in detecting potential  implementation, use, and  more flexible decision-
Industry: A improvements and  development of these making structures, robust
Survey with contributing to the systems in this context control of key performance
Nine Case reduction of were examined. This indicators, and energy
Studies electricity analysis revealed gaps in  savings that can be
consumption. research and highlighted  expanded through
promising topics for future digitalization and Lean
studies. practices.
The research emphasizes
The relationship between  that Kaizen is evolving into
Gi . Kaizen and ecological an essential component of
. iven the growing ; - - :
Analysis of the . practices is an evolving environmental management
importance of . . ) .
Scope of . topic, predominantly in companies. The
: environmental ; : . . .
Kaizen and management. this featuring case studies. integration of Lean with
7 (Sanchez et Ecological work agims to ’ Therefore, further ecological practices is
al., 2020) Practices: State research is required, as beginning to align with
analyze the current . ; : . .
of the Art and ; improving environmental sustainable strategic
state of Kaizen and i
Future . management becomes management, uniting
o ecological . ; o 4 R .
Directions ractices an increasing necessity in  operational objectives with
P ’ a competitive environmental goals, a key
environment. aspect for contemporary
energy management.
By combining Lean with
In implementing the ergonomic and sustainable
integrated framework in practices, this study
an auto parts industry, demonstrates how
An Empirical An intearated key performance management in industrial
Study of the conce ?ual model indicators (KPIs) were environments can
Implementation caIIedpEr o0-Green- identified, such as comprehensively address
8 (Mohamed et of an Integrated Lean wag ergonomic risk scores, efficiency, health, and
al., 2023) Ergo-Green- job satisfaction, carbon sustainability objectives.
L developed based . .
ean on a review of footprint derived from Lean management allows for
Framework: A P both direct energy measuring and improving
existing literature. . . L
Case Study consumption and material indicators such as cycle
waste, cycle time, time, rejection rates, carbon
delivery time, mold setup, footprint, and employee
and rejection rates. satisfaction within a
coordinated framework.
A cross-sectional The adoption of Kaizen It highlights how the
Kaizen descriptive practices has generated adoption of Kaizen positively
Practices and research design significant improvements  impacts operational
(Nyimbili et Performance was employed, in the operational management in the
9 al y2023) Improvement in  with a population performance of manufacturing sector:

Manufacturing
Companies in
Zambia

composed of
manufacturing
companies from
two highly

manufacturing
companies, evidenced in
productivity, quality, and
overall equipment

productivity, quality, and
efficiency show notable
improvements thanks to the
systematic implementation of
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industrialized
regions in Zambia;
thirty-three
questionnaires
were distributed,

efficiency. This research
provides a preliminary
understanding of the
successes of Kaizen in
manufacturing companies

Lean practices. From the
administrative angle, this
implies better planning
capabilities, more effective
control, continuous

Continuous
Implementation
of Kaizen to
Improve
(Herrmann et - .
10 al., 2020) Efficiency: A

Case Study of
an Automotive
Assembly Line
in India

obtaining 31 in Zambia. feedback, and greater team

responses. participation in the ongoing
improvement of the system.
Management uses tools

A continuous Quality control techniques Bleln &1 Caiilogl s, St

Kaizen program
was implemented
on an assembly
line using the case
study
methodology,
demonstrating how
this
implementation
allows for
achieving the
objectives set by
upper
management.

such as Gemba walks,
3M analysis (muda, mura,
muri), and ECRS study
(eliminate, combine,
reduce, or simplify) were
applied to conduct a
micro-analysis of
activities. It was
confirmed that continuous
Kaizen can be effectively
implemented on
assembly lines to improve
productivity, balance, and
efficiency.

analysis (muda, mura, muri),
and ECRS (eliminate,
combine, reduce, or simplify)
to implement small
improvements in processes.
It demonstrates that a well-
executed Lean management
strategy can reduce cycle
times, optimize balance on
the production line, and
increase overall efficiency,
while simultaneously
strengthening the
responsiveness and
planning capability of the
management team.

Implementation

(Silva et al.,

T 2004)

A Case Study
in the Food

Retail Industry

of Lean Kaizen:

To achieve the
required
sustainable
objectives, many
companies are
choosing to invest
in new
methodologies,
including the
Kaizen-Lean
methodology.

The study was conducted
through an action
research intervention,
where the most critical
areas were identified to
guide the interventions.
Additionally, various
actions supported by
Kaizen and Lean
methodologies were
implemented and
monitored.

The study based on
participatory action
demonstrates how
management can identify
key areas requiring
improvement, apply specific
Kaizen interventions, and
monitor results in real time.
From the administrative
perspective, the Lean
approach consolidates as a
methodological governance
tool, grounded in PDCA
cycles, continuous feedback,
and strategic alignment with
sustainable objectives.

Analysis and interpretation

The evaluation of the studied cases reveals a clear consensus regarding the effectiveness of Lean Kaizen
as an approach to energy management. From the agro-industrial sector, as noted by Contreras et al. (2024), to
factories and intelligent energy systems, according to Zhipeng et al. (2024), the implementation of this
methodology has been shown to help identify and eliminate inefficiencies, enhance operational effectiveness, and
optimize energy resource usage.

Additionally, research conducted by Androniceanu et al. (2023) and Kazim et al. (2024) records significant
reductions in energy consumption resulting from the standardization of processes and the application of Lean
tools, such as value stream mapping. These findings underscore that efficient energy management does not solely
depend on technological investments, but also on a shift in methodology and, above all, on an organizational
culture driven by Lean Kaizen.

In the same vein, studies like those of loshchikhes et al. (2024) highlight the combination of Lean with
digital or expert systems, facilitating agile management and informed decision-making in real time. This reflects
an evolution of the Kaizen approach, which has transitioned from its traditional format to a hybrid model supported
by advanced technologies, reinforcing management capabilities in complex energy contexts.
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On the other hand, works by Sanchez et al. (2020) and Mohamed et al. (2023) expand the analysis to
environmental and social aspects, evidencing that Lean Kaizen not only improves energy efficiency but also
impacts metrics such as carbon footprint, occupational health, and corporate sustainability. This expansion
solidifies Kaizen as a key tool within strategic environmental management frameworks and corporate social
responsibility (CSR).

Moreover, research by Herrmann et al. (2020) and Nyimbili et al. (2023) supports the idea that Lean Kaizen
strengthens organizational culture by fostering active team participation, continuous feedback, and ongoing
improvement—essential aspects for efficient operational management. As a result, it enhances planning,
monitoring, and timely reaction capabilities, which are critical competencies for managing limited energy
resources.

It is important to highlight that the application of Lean Kaizen in energy management goes beyond being
a set of tools; it represents a comprehensive vision that transforms processes, organizational structures, and
individual behaviors. The review demonstrates that this model is adaptable to multiple sectors, from agro-industrial
production to high-tech manufacturing, and aligns perfectly with current sustainability and energy efficiency
challenges.

Among the most relevant benefits, it is noted that Lean Kaizen facilitates methodological management
based on PDCA cycles (Plan-Do-Check-Act), promoting continuous and dynamic administration of energy usage,
enabling rapid adjustments in response to operational or regulatory changes. This adaptability is particularly
valuable in Latin American contexts, where energy infrastructure faces significant challenges in efficiency and
costs.

Finally, the research suggests that the integration of digital technology and automation with the Kaizen
culture enhances expected outcomes. Rather than replacing the Lean methodology, digitalization strengthens it
by providing precise information, predictive models, and real-time monitoring systems.

Conclusions

The reviewed studies allow us to conclude that Lean Kaizen is a methodology that is not only viable but
also scalable and effective for improving energy management. Its implementation contributes not only to reducing
energy consumption and optimizing operational efficiency but also to fostering a cultural transformation within
organizations oriented toward sustainability, responsibility, and operational excellence. For Latin American
countries, this represents a strategic opportunity to modernize their productive sectors using accessible and high-
impact tools, adapting to various levels of technological and organizational maturity.

The application of Lean Kaizen in energy management has proven to be an extremely effective mechanism
for optimizing processes and reducing energy consumption across various productive sectors. Through a thorough
analysis of case studies, it has been evidenced that its focus on continuous improvement and the systematic
elimination of waste enables greater operational efficiency without requiring substantial investments, making it a
viable option even for organizations with limited resources. This methodological model easily adapts to industrial
and agro-food environments, generating both technical and environmental benefits.

Furthermore, the analyzed studies emphasize that the success of Lean Kaizen largely depends on
organizational commitment and active personnel participation. Promoting a culture of continuous improvement not
only enhances energy performance but also strengthens corporate sustainability by incorporating responsible
practices. The flexibility of this methodology, along with its compatibility with digital technologies, demonstrates
that it can be replicated in diverse contexts, contributing to more efficient, conscious, and strategic energy
management in the long term.
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