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ABSTRACT

The digital transformation and implementation of
industrial technologies, including Artificial Intelligence
(Al), Internet of Things (IoT), Blockchain, and cloud
computing, are enhancing sustainability performance in
the manufacturing and supply chain industries. In
addition to improving operational effectiveness and
resource optimization, these technologies help improve
accountability and transparency and  satisfy
environmental, social, and governance (ESG)
requirements. The goal of this study is to determine
how supply chain resilience and sustainability may be
achieved through the integration of digital technologies,
lean-agile operations, and human resource capabilities.
58 articles found on scienceDirect were examined as
part of the systematic literature review study
methodology. The study's findings demonstrate how
firms may concurrently boost competitiveness, chain
resilience, and sustainable performance by integrating
digital technologies, lean-agile manufacturing, and HR
skills. In order to accomplish long-term sustainability
goals, this study also highlights the need for
harmonization with agile-lean operational techniques
and human resource capabilities in addition to
technological investment.
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INTRODUCTION

The global business environment has changed fundamentally in the last few
decades. Businesses are being evaluated on their environmental, social, and governance
(ESG) performance in addition to their net profit and market share (Anis & Avrilia,
2024). A number of factors, including as growing consumer awareness, pressure from
investors looking for long-term value, and stricter government restrictions on
environmental issues, are driving this paradigm shift. Manufacturing and logistics
companies have been prompted to undertake a major redesign of their supply chain
systems due to changes in an increasingly complicated business environment, quicker
digital transformation, and growing focus on sustainability. The amount of research on
sustainability performance measurement doubled between 2014-2017 and 2018-2021,
indicating a growing emphasis on all-encompassing sustainability indicators (Dauerer,
2025). Companies are now compelled by this trend to include sustainability ideas into
their core strategies.

Companies that take a comprehensive approach to sustainability typically have
superior operational resilience and are more competitive in the face of market
unpredictability (Qureshi et al., 2025). Constructing supply chains that are sustainable
from an environmental, social, and economic standpoint in addition to being able to
withstand external shocks (Liza et al., 2025). Although it is difficult, companies can
succeed in their efforts to attain sustainability. The company must consider a number
of things. The company will achieve optimal sustainability if these aspects are well
managed.

Increased supply chain efficiency, flexibility, visibility, and agility have all been
linked to digital transformation. In the supply chain ecosystem, digital technologies like
big data analytics, Internet of Things (IoT), artificial intelligence (Al), blockchain, and
cloud computing have been shown to improve decision-making accuracy, inventory
optimization, and cross-organizational cooperation (Jing & Fan, 2024). Supply chain
performance is significantly improved by digital transformation, according to empirical
findings. By lowering costs, improving decision-making, and enhancing goods and
services, digital transformation can enhance product quality, market response,
production and planning efficiency and accuracy, traceability, and visibility of product
tlows, all of which improve supply chain performance (Jing & Fan, 2024).

Lean and agile are just as crucial as technology. It has been demonstrated that
implementing lean and agile practices is essential to creating a supply chain that is
responsive and effective, cutting waste, expanding the value stream, and accelerating
adaptations to shifts in consumer demand. Digital technology and a lean-agile
methodology combine to produce synergies that can meet contemporary operational
demands (Liza et al., 2025; Mohaghegh & Grofller, 2025). In order to achieve sustainable
business performance, lean and agile strategies have been highlighted as an integrated
approach. Lean Manufacturing is one of the most pertinent operational strategies to
promote sustainability.

Lean Manufacturing, which was inspired by the Toyota production method,
aims to eradicate all waste in the manufacturing process (Fortuny-Santos et al., 2025).
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Defects, overproduction, waiting, transportation, inventory, movement, and
overprocessing are the eight categories of waste that are typically recognized (Qureshi
et al., 2025). Lean has historically focused on increasing productivity and cutting
expenses, both of which have a direct impact on profitability. Nonetheless, it has been
demonstrated that the lean concept and sustainability principles work well together in
a contemporary setting. Lean manufacturing and environmental performance have a
significant, positive, and moderate association, according to a thorough meta-analysis
of 29 empirical research published between 2001 and 2022 (Fortuny-Santos et al., 2025).
Waste elimination lowers energy use, raw material usage, and waste emissions in
addition to saving money. Therefore, lean serves as a catalyst to help companies reach
their sustainability objectives through operational effectiveness.

Human resource competencies, including both technical and interpersonal skills,
are essential to the success of the shift to a digitized, lean, and agile supply chain. The
resilience and durability of supply chains are determined by visionary leadership,
ongoing training, organizational culture flexibility, and cross-functional cooperation.
Green innovation and environmental sustainability can be promoted by integrating
digital technology with Green Human Resource Management (GHRM) using justice
principles. In order to successfully deploy the adopted technology, it is strategically
important to strengthen HR competencies (Haldorai et al., 2025). The deployment of
contemporary technology without human oversight and control will undoubtedly be
problematic.

This study is expected to provide a scholarly contribution to the development of
accounting and taxation literature by empirically examining the relationship between
corporate governance mechanisms and corporate tax policy in the context of a
developing country. The novelty of this research lies in the integration of three key
corporate governance mechanisms within a single empirical model, using the Effective
Tax Rate (ETR) as the primary proxy, as well as its focus on industrial sector companies
over a recent observation period that reflects post-pandemic conditions. In addition,
this study is expected to offer practical implications for regulators, investors, and
corporate management in enhancing the effectiveness of corporate governance in order
to minimize tax avoidance practices and improve tax compliance.

Despite the tremendous growth of the literature on digital transformation, lean
and agile operations, and sustainable supply chains, there is still a dearth of study
examining the comprehensive integration of these three aspects with the human
capacities dimension. In order to address the issues of volatility, uncertainty,
complexity, and ambiguity (VUCA) in the contemporary business environment, this
study highlights the significance of an integrated model that can simultaneously build
a robust and sustainable supply chain. Current study frequently concentrates on only a
few of the elements of agility and human capabilities. In actual business operations,
these three components complement one another and operate in concert to accomplish
supply chain sustainability and resilience. Additionally, the majority of empirical
research is carried out in rich nations with advanced technology infrastructure, whereas
developing nations confront particular difficulties including scarce resources and the
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digital divide. Practically speaking, this study will address the need for business
transformation in the digital age by highlighting the need of efficiency, agility,
sustainability, and growing HR capabilities as critical components for creating a robust
and sustainable supply chain.

RESEARCH METHOD

Each This study is qualitative and employs a literature review methodology.
Instead of gathering field data firsthand, this approach makes use of a variety of reliable
and pertinent literary sources, including books, research reports, scientific journals, and
official documents pertaining to the subject of the study. A literature review, according
to Snyder (2019), attempts to find, assess, and summarize the findings of earlier studies
in order to have a thorough grasp of a phenomenon or research problem. This approach
was selected because it allows researchers to consolidate fragmented evidence across
multiple sources, establish research gaps, and provide evidence-based
recommendations for practitioners and future researchers.

major multidisciplinary academic database covering journals, book chapters,
and review articles across management, engineering, business, and technology fields.
ScienceDirect was chosen as the primary database because it contains a robust collection
of peer-reviewed publications on supply chain management, digital transformation,
lean manufacturing, and sustainability topics. Articles were restricted to the
publications period 2021-2025 to capture recent and contemporary research that reflects
the current state of knowledge in rapidly evolving fields of digitalizations and
sustainability. This timeframe was chosen because sustainability performance
measurement research significantly increased in volume after 2017, and the adoption of
industry 4.0 technologies in supply chains has accelerated markedly since 2020.

Table 1 shows that 58 papers that satisfied the researcher's criteria were included
in the literature study.

Table 1. Stages of Article Selection

Stages | Description Total

1st Type "lean manufacturing" and "sustainability" 2.728 Articles
into Sciencedirect.com.

2nd Choose research articles according to their type. 2.028 Articles

3rd Select English-language articles. 2.024 Articles

4th Select open-access papers based on the type of 798 Articles
access.

5th Select articles published in 2021-2025. 426 Articles

6th Select articles covering the topics of Business, 58 Articles
Management, and Accounting.

Source: Data Processed (2026
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RESULT AND DISCUSSION
Article Characteristics
Table 2. Year Publication

Years of Publication Total
2021 6
2022 8
2023 10
2024 25
2025 9

Source: Data Processed (2026)
Table 3. Articles’s Journals

Name of Journal Total Name of Journal Total
1 . . International Journal of
Journal of Building Engineering, | 1 Hospitality Management 1
Digital Business 5 Journal of International 1
Management
Furopean Management Journal | 1 International Journal of Project 1
Management
Digital intelligence as a partner . .
. ) . . Technological Forecasting and
of emotional intelligence in 1 . 10
. . . Social Change
business administration,
International Journal of
Operations & Production 1 Technovation 3
Management
Journal of Business Venturing 1 Journal of Innovation & 4
Knowledge
She Ji: Tbe Journal of Dgs &t 1 Data Science and Management 1
Economics, and Innovation
Business Horizons 1 Technology in Society 3
Trar}sportatlon Research l?art E: Cleaner Logistics and Supply
Logistics and Transportation 2 . 14
: Chain
Review
Marketing Strategy Journal 1 Journal of Business Research 3
Technological Forecasting and European Research on
. 2 Management and Business 1
Social Change, )
Economics
Journal of Industrial Information 5 International Journal of 1
Integration Hospitality Management

Source : Data Processed (2026)
Table 4. Articles’s Authors
Research Methods | Total | Authors
(Anzolin & O’Sullivan, 2025; Clausen, 2023; Franze et al.,
2024; Gonzalez-Cabello et al., 2024; Julie et al., 2024;
Kayikci et al., 2022; Kumar & Kotler, 2024; Lin & Chen,
2024; Maheshwari et al., 2023; Nayak et al., 2022; Oh et al.,

Qualitative 19
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2024; Orero-Blat et al., 2021; Papachristos et al., 2024;
Sadeghiani et al., 2022; Salvadorinho et al., 2024; Sarkar &
Mateus, 2022; Tavana et al., 2021; Williams et al., 2021;
Woodfield et al., 2023)

(Ali et al., 2024; Amin et al., 2025; Camel et al., 2025; Cerar
et al., 2022; Faludi et al., 2023; Ferrazzi et al., 2025; Hao et
al., 2024; Harfeldt-Berg, 2024; Hariyani et al., 2024; Huong
Tran et al., 2025; Jabber et al., 2024; Javed et al., 2024; S.
Quantitative 24 Kamble et al., 2023; S. S. Kamble et al., 2021; Kofi Opoku
et al., 2023; Li et al., 2024; Mohammad et al., 2024;
Nakandala et al., 2024; Peron et al., 2025; Roy et al., 2024;
Sadeghi et al., 2022; Saleheen & Habib, 2023; Wiengarten
et al., 2024; Zhou & Shan, 2023)

(Dohale et al., 2024; Gatell & Avella, 2024; Govindan et al.,
2022, 2024; Kayikci et al., 2025; Moshood et al., 2024;

SLR 1 Perdomo-Verdecia et al., 2022; Stefano et al., 2023;
Varriale et al., 2025; Yeke, 2023; Zahraee et al., 2022)
1 ) (Alvarez-Meaza et al., 2021; Armenia et al., 2024; Cantoni
Bibliometric 4

et al., 2024; Guo et al., 2025)

Source: Data Processed (2026)
Digital Transformation and Technology as Advocates for Sustainability

essential catalysts for sustainability transitions (Lin & Chen, 2024; Papachristos
et al., 2024; Varriale et al., 2025). In addition, it generates sustainability for the future
and modifies business dynamics (Nayak et al., 2022). Adoption of digital technology
offers creative ways to maximize resource utilization, lower carbon emissions, and
improve operational transparency in the face of climate change issues and stakeholder
demands for ethical business practices. Organizations may incorporate sustainable
practices into their operations in a number of essential ways thanks to digital
transformation. Digital technology's effects can boost creativity in order to thrive in the
face of social and environmental challenges in addition to increasing operational
efficiency.

Research demonstrates that technical maturity greatly promotes sustainable
circumstances (Clausen, 2023), as digital transformation necessitates expertise to handle
technological challenges. Blockchain, Digital Twins, Additive Manufacturing, and Big
Data analytics are examples of Industry 4.0 technologies that are significantly
expanding the use of Sustainable Supply Chain Management (SSCM), particularly in
developing nations (Jabber et al., 2024). Industry 4.0 technology will boost
competitiveness, particularly in the supply chain, which will impact businesses' long-
term viability and go beyond meeting customer demands (Govindan et al., 2022). Al is
changing the foundations of system design (Armenia et al., 2024), and green
technological innovation encourages ecological sustainability by lowering the negative
ecological footprint in all areas when paired with environmental regulations and the
use of renewable energy (Javed et al., 2024).

Optimizing energy use requires the application of contemporary technologies
like machine learning and artificial intelligence (AI). Companies can use this technology
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to forecast and examine trends in energy use. In addition, it has the ability to recognize
and address flaws. Additionally, cloud computing plays a major role in lowering carbon
emissions. Because cloud providers employ renewable energy and data centers are
more efficient, switching to cloud services can reduce carbon emissions by up to 88%.
By giving real-time visibility into energy and other resource consumption, IoT
technology also makes resource management more effective. Companies can readily
monitor and assess operational activities directly with real-time information, and they
will develop proactive measures that ensure sustainability.

Blockchain technology provides ways to improve supply chains' accountability
and transparency. By tracking items from the point of origin to the final customer, this
technology enables companies to confirm that raw materials are sourced ethically and
adhere to sustainability regulations. The data generated can serve as a guarantee that
the company can adopt sustainable practices in both its operational activities and
supplier selection. Remote work is made possible by digital technology, which has
major advantages for social and environmental sustainability. Even though neither
employees nor management are aware of it, this work system offers global advantages.
Remote work systems can save energy consumption and carbon emissions by
eliminating the need to travel. The sustainability of the global ecosystem is significantly
impacted by the relationship between ESG and digital technology. In order to ensure
that digital solutions not only increase productivity but also have long-term good effects
on the environment and society, organizations must match technology expenditures
with ESG objectives.

Achieving global sustainability targets is made possible in large part by
technology and digital transformation. Technologies, ranging from Al and IoT to
blockchain and cloud computing, provide creative ways to maximize resources, lower
emissions, boost transparency, and promote ethical business practices. Organizations
may meet stakeholder expectations and regulatory obligations, produce long-term
value, and contribute to a more sustainable future that protects the world's ecosystems
by properly integrating digital technology and sustainability plans. Consequently,
companies need to invest in technology because of its critical role in attaining
sustainability (Franze et al., 2024). To improve relationships with supply chain partners,
such as suppliers, customers, and stakeholders, organizations must increase their usage
of digital platforms (Jabber et al., 2024).

Lean Manufacturing and Management System

Lean manufacturing and modern management systems are essential for
promoting industrial sustainability. The lean manufacturing idea is centered on the
company operations that can reduce waste and production activities that fall short of
customer expectations. The efficient use of raw materials, time, and energy is given top
priority by this approach, which directly lowers carbon emissions and industrial waste.
From a waste reduction tool, lean manufacturing has developed into an all-
encompassing company culture based on values, concepts, and behaviors that promote
ongoing progress (Gatell & Avella, 2024).

In order to monitor target attainment and environmental implications, a lean
supporting management system can undoubtedly be put into place by integrating
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quality and environmental management. By automating operational tasks and enabling
quantifiable data analysis, the advancement of smart manufacturing can greatly
contribute to sustainability. This can influence the speed and accuracy of making data-
driven judgments. If every department in the organization supports a good
management system, it can succeed flawlessly. When all departments are involved, a
work culture that is consistent with the sustainable goals will be strengthened.

The adoption of cutting-edge technology is facilitated by the synergy of agile,
lean, and exploitative learning (Nakandala et al., 2024). Organizations are more likely
to adopt cutting-edge technologies when they can make the most of their current
capabilities while reacting quickly to market signals. It has been demonstrated that the
elements of lean and agile manufacturing that are most closely associated with
environmental sustainability are also most pertinent to smart manufacturing. This
demonstrates how smart manufacturing may build a far more robust framework to
support sustainable production (Harfeldt-Berg, 2024). Lean leadership is essential in
fostering a culture of continuous improvement, and supply chain management offers a
vital supporting infrastructure for the application of lean manufacturing (Gatell &
Avella, 2024). An essential prerequisite for thoroughly evaluating efficacy is measuring
supply chain performance. A Supply Chain Performance Measurement framework is
necessary since traditional performance measurement in manufacturing using a
comprehensive approach has proven to be insufficient (Saleheen & Habib, 2023).

Agile and lean strategies that integrate information technology, lean
construction, and project management have been shown to be the best for enhancing
sustainable supply chain performance and assisting businesses in becoming resilient in
challenging circumstances (Li et al., 2024). According to research Li et al., (2024),
performance improvement solutions that prioritize cutting overall project costs,
boosting continuous efficiency, and getting rid of waste are well aligned with the lean
construction management ideology. Developing nations negotiating the complexities of
supply chains can benefit greatly from integrated initiatives, which improve industrial
capacity to promote resilience and sustainability at the same time (Roy et al., 2024). The
low-carbon transition is primarily driven by the smart manufacturing paradigm's
improved industrial structure and spillover effects (Zhou & Shan, 2023) .

Lean manufacturing and digital-based management systems are key pillars in
creating an ecosystem for industrial production that is effective, productive, and
ecologically sustainable. The combination of the two results in operations that are
transparent, flexible, and make a substantial contribution to long-term sustainability.
Lean manufacturing-based operational operations cannot be dismissed as insignificant;
production activities demonstrate the achievement of sustainability. Companies will
directly promote the development of sustainability if they are able to employ the
appropriate production system and adhere to sustainability principles.

Human Resources-Employee Capabilities

The development of human resources (HR) is becoming a significant factor in
determining long-term performance results. The main pillars of digital transformation
and organizational sustainability are human resources and competences. HR plays a
key role in the success of sustainable strategies in the digital age, acting not only as a
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process implementer but also as a catalyst for innovation and adaptability. Employers
must prioritize hiring workers with specialized skills, put in place stringent hiring and
selection procedures to guarantee proper job placement, provide continual training to
improve capabilities, provide equal opportunities, and guarantee promotional
fairness—all of which have the potential to have a major impact on performance
(Mohammad et al., 2024).

Human resources that are flexible, adaptable, and capable of using and
developing the newest technology are necessary for a sustainable digital transition. To
prepare them for strategic problems in a disruptive period, human resource
development include education, digital training, boosting soft skills, and bolstering an
innovative mindset. Digital intelligence and emotional intelligence must be integrated
and coordinated in the modern workplace. Even while workers must be able to control
their emotions and comprehend those of others (Yeke, 2023), digital intelligence could
be just as useful for managing digital resources and devices. This integration addresses
the reality that employee collaboration is still crucial for managing, directing, and
sharing digital devices and resources, even though work processes are becoming more
digitalized and remote work solutions are becoming more common.

In addition to boosting productivity, mapping HR capabilities and funding
leadership and digital training are crucial for maintaining the company innovation's
relevance in the global marketplace. An organization's resilience, growth, and long-
term value creation are mostly determined by its people resources. Professional
knowledge highlights the strategic significance of workforce development and is one of
the most important aspects impacting the implementation of sustainability (Dohale et
al., 2024). By learning from past mistakes, seasoned business owners maximize
resources and use digital tools to organize their business more successfully than less
seasoned ones. Entrepreneurs are better able to use cause and effect links in a setting

that is changing quickly thanks to experience from prior learning (S. Kamble et al.,
2023).

According to research Oh et al., (2024), elements that propel innovation include
trust, equity commitment, company capability, proactiveness, redundancy of alliance
resources, and domain segmentation. Initiatives to lower carbon emissions are aided by
service innovation. Collaboration, automation, data-driven decision making, and
ongoing learning are essential to the future of business operations. Today's technologies
are not just boosting productivity but also radically changing organizational operations.
The key to a successful digital transformation and long-term adoption of lean
manufacturing methods is strategic investment in human resource and capability
development. Human resources that are skilled and flexible help businesses be creative,
effective, and fiercely competitive in the face of global challenges and swift
technological advancements

Technology Integration, Lean-Agile Manufacturing, and Human Resources
Capabilities

Integration of technology, lean manufacturing, and HR is a critical partnership
for achieving sustainability in modern industry. These three things will complement
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one another, resulting in operational operations that are efficient, flexible, and
sustainable.

Technology is a motivator for lean manufacturing deployment and maximum
human resource empowerment. Lean manufacturing provides a framework that
focuses on value creation and waste removal, while HR acts as a driver of innovation,
technology users, and lean manufacturing execution in accordance with a commitment
to sustainability principles.

According to research Ali et al., (2024), textile companies benefit from a holistic
approach that combines Green Human Resource Management (GHRM), Green Supply
Chain Management (GSCM), and workplace productivity. Research in the agricultural
sector shows that service innovation and technology platforms significantly reduce
carbon emissions and advance sustainable agricultural practices (Camel et al., 2025).
Apparel industry research by Dohale et al., (2024) identified professional expertise,
legislation and certification, technology acceptance, availability of decarbonization
methods, adequate carbon offsetting, green supply chain initiatives, financial
investments for net zero, and short-term targets as highly influential drivers of carbon
neutrality implementation.

Al-based supply chain development cannot be considered as a standalone issue;
creating and maintaining an ethical Al supply chain necessitates an integrated approach
that considers environmental and social sustainability considerations. A comprehensive
sustainability strategy must incorporate supply chain strategy while acknowledging
environmental management and sustainability as distinct but interconnected areas.
Sustainable shared value creation activities must coincide with investments in digital
connection. Yeke (2023) stated that the coordination and integration of emotional
intelligence and digital intelligence illustrate the necessity of integration, indicating that
no one type of intelligence is considered superior, but rather complementary.

Organizations that can make the most of their current resources while reacting
quickly to market signals are more likely to adopt cutting-edge technologies.
Technology adoption is positively impacted by the mix of agile, lean principles, and
exploitative learning, demonstrating the advantages of investing in HR capabilities for
technology deployment. Technology-based frameworks guarantee operational
effectiveness and promote human resource development in the digital age (Oh et al.,
2024)
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CONCLUSION

Technology and digital transformation enable the deployment of lean
manufacturing while also promoting sustainability. The use of technologies such as
Al IoT, Blockchain, and cloud computing improves operational efficiency, lowers
carbon emissions, promotes transparency, and reinforces responsible business
practices. Furthermore, the introduction of lean manufacturing and contemporary
management systems supports sustainability efforts by reducing waste, high
productivity, and increasing value for consumers. The development of flexible,
creative, and technologically proficient people resources is essential for the success of
sustainability. Human resources with high competencies and the ability to react to
technological changes will be the major driving force behind the success of digital
transformation and lean manufacturing implementation. Integration of technology,
lean-agile manufacturing, and human resource capabilities provides a synergy that
creates an efficient, resilient, and sustainable industrial system.

Companies can increase their investment in sustainable digital technology that
is expressly tied to carbon reduction, energy efficiency, and supply chain
improvement initiatives. Second, companies can combine lean manufacturing
practices with smart manufacturing principles and environmental management
systems to decrease waste, control product quality, and help mitigate negative
environmental impacts. Finally, companies can develop HR policies that correspond
with sustainability ideals and encourage ethical behaviour when using technology.
Companies that manage technology integration with lean manufacturing and human
resource development might potentially achieve cost efficiency, quality improvement,
supply chain resilience, and a stronger long-term reputation in front of stakeholders.
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