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ABSTRACT: Industry 5.0 prioritized the balance between technology and the social and
environmental aspects of industry, as well as the ethical and socially responsible application of
advanced technologies. While Industry 4.0 focused exclusively on optimizing industry through
technological efficiency, Industry 5.0 promoted the importance of human—machine
collaboration within socio-technical systems. Engaging with recent publications, the research
evaluated the extent of the digital economy, sustainability, and inclusive stakeholder
frameworks in Malaysia, as well as existing implementation gaps. The study revealed that,
despite the availability of numerous technologies such as building information modeling,
artificial intelligence, the Internet of Things, digital twins, and advanced traceability systems,
their adoption remained unstable, technology-centered, and largely confined to dominant large
organizations. Environmental degradation within the palm oil sector, the absence of substantial
and comprehensive sustainability tools, skills gaps, and limited financial accessibility for small
and medium enterprises and smallholders continued to hinder an inclusive transition to Industry
5.0. This study advocated an inclusive socio-technical framework for Industry 5.0 in Malaysia
to semi-automate human work through the system design of a circular economy, resilient
climate systems, and low-carbon risk mitigation, while prioritizing governance mechanisms
for overlooked stakeholder groups. The study proposed innovative financing mechanisms,
digital and sustainability co-initiatives, and the rapid adoption of collaborative governance
frameworks as primary policy approaches. The dissertation aimed to contribute to emerging
Industry 5.0 discourse in developing economies by emphasizing the importance of balancing
technological advancement, social justice, and environmental stewardship. It also encouraged
further research at the firm, supply chain, and community levels to operationalize Industry 5.0
more effectively.

KEYWORDS: Industry 5.0; sustainability; human-centred works; palm oil; malaysian
construction.

1. Introduction

Industry 5.0, with its focus on sustainable and human-centered work, had begun to gain traction
across many sectors in Malaysia. Stakeholders increasingly valued technological
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advancements associated with Industry 5.0 and how these could be utilized to complement
societal activities, thereby enhancing economic resilience. As Malaysia worked toward
national sustainability, the palm oil and construction industries contributed significantly by
providing a range of targeted ecological and economic benefits. The palm oil industry was
crucial to the national economy, contributing approximately 5-7% to GDP and requiring
sustainable initiatives to remain economically viable and equitable for smallholder farmers [1].
Similarly, the construction sector was being guided toward sustainability through the National
Construction Policy, which promoted sustainable building practices [2].

However, the principles of Industry 5.0 could not be implemented without
transdisciplinary and transsectoral collaboration that created space for marginalized voices [3].
This approach aligned with Malaysia’s vision of a circular economy, which sought to promote
economic and technological advancement while addressing pressing environmental concerns
[4]. Although Malaysia was likely to adopt Industry 5.0, the government was required to
develop a supportive environment that promoted innovation and sustainability across both
existing and emerging systems. Given favorable policies and stakeholder engagement, the
country was positioned to progress sustainably while strengthening its status as a developing
economy with robust growth potential [5].

Nevertheless, the influence of global sustainability trends and human-centric practices
on Industry 5.0 within the manufacturing sector continued to evolve. The Malaysian
manufacturing industry was undergoing transformational change, with the construction and
palm oil sectors beginning to integrate technological and sustainable practices. For instance,
the construction industry had adopted Building Information Modeling (BIM) to streamline
processes, enhance project management efficiency, and improve sustainability outcomes [6].
Likewise, the palm oil industry, which occupied a prominent position in Malaysia’s economy,
began adopting eco-sustainable practices, particularly in waste management, representing a
necessary shift given its historical association with deforestation and greenhouse gas emissions
[7].

Industries had already faced an urgent need for innovation prior to the COVID-19
pandemic, a need that was further intensified by the crisis. As noted by [8], organizations in
Malaysia attempted to achieve operational continuity during and after the pandemic through
the adoption of structured frameworks. The food industry’s commitment to halal certification
processes further highlighted the importance of operational efficiency and balanced, integrative
marketing strategies aligned with consumer preferences [9]. The transition toward Industry 5.0
therefore extended beyond technological adoption and reflected a broader reorganization of
industry aimed at achieving a sustainable and inclusive development balance. Malaysia was
well positioned to achieve these objectives, provided that research findings were applied to
relevant national systems and structures.

This study focused on the balancing act Malaysia faced in transitioning to Industry 5.0
while addressing persistent socio-economic and environmental challenges. Although Malaysia
had advanced significantly in technology and infrastructure, primary industries such as
construction and palm oil continued to experience sustainability and social equity concerns.
Traditional practices had contributed to social inequities and environmental degradation. For
example, the palm oil sector had been widely criticized for deforestation, biodiversity loss, and
other environmentally harmful practices, reflecting a systemic failure to balance environmental

and economic priorities [10].
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Similarly, although the construction sector had begun adopting technological innovations
such as BIM, it continued to face challenges in achieving sustainability and innovation. These
challenges were largely attributed to limited commitment to quality management, shortages of
skilled labor, and the absence of supporting frameworks. Consequently, socio-economic
inequities persisted within the sector [11]. Balancing the benefits offered by Industry 5.0 with
the challenges it introduced therefore emerged as a core priority for Malaysia, ensuring that
economic advancement occurred alongside ecosystem protection.

The study of Industry 5.0 in Malaysia presented multiple avenues for future research.
Notably, there remained a lack of empirical studies evaluating the integration of humanistic
perspectives within the national context. Existing literature extensively discussed technological
advancements, particularly artificial intelligence and the Internet of Things, within Industry 5.0
[12]. However, limited attention had been given to how these technologies could be integrated
into Malaysia’s socio-economic systems. Moreover, research tended to emphasize economic
sustainability while underrepresenting social dimensions. This was evident in the findings of
[12], which reported that many Malaysian manufacturing firms did not practice social
sustainability, revealing a gap between technological adoption and social objectives central to
Industry 5.0 [13].

Additionally, existing studies often overlooked the challenges faced by smallholder
farmers in the palm oil sector, despite their importance to social sustainability. While broader
socio-economic concerns had been acknowledged, focused analyses of smallholder
experiences remained limited. Furthermore, the implications of Industry 5.0 for fostering
equitable human—machine collaboration in Malaysia had not been adequately explored [14].
Addressing these gaps was essential for advancing neglected dimensions of sustainability
within Malaysian industries.

The objective of this research was to comprehensively analyze the opportunities and
challenges presented by Industry 5.0 within the Malaysian manufacturing landscape,
particularly in relation to sustainability and human-centered methodologies. The study sought
to identify key barriers hindering the effective implementation of Industry 5.0 practices in the
palm oil and construction sectors, especially regarding the integration of advanced technologies
with local social and economic needs. It also aimed to assess existing levels of stakeholder
engagement and collaboration, emphasizing the importance of inclusive dialogue among
policymakers, industry leaders, and smallholders. Furthermore, the research explored the
implications of emerging technologies for workforce dynamics, focusing on how human—
machine collaboration could enhance productivity while promoting social equity. In doing so,
the study proposed actionable frameworks and strategies to support economic and social
sustainability and align Malaysia’s transition with global responsibilities.

By offering insights into sustainable practices, this research contributed to the
understanding of Industry 5.0 in Malaysia and explicitly examined gaps within existing
industrial frameworks. The study addressed social inequities, environmental innovation, and
the adoption of eco-sustainable technologies as best practices for fostering social sustainability
[15]. Previous studies had also inadequately emphasized stakeholder participation [16]. This
research extended beyond academic inquiry by offering policy-relevant insights aimed at
reducing long-standing socio-economic inequities within the palm oil and construction sectors.
Moreover, the examination of human—machine interaction sought to promote collaborative

practices that enhanced productivity while creating meaningful employment opportunities [17].
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As one of the earliest studies of its kind in Malaysia, this research was expected to contribute
significantly to scholarly and policy debates on Industry 5.0 and sustainability [18]. The
findings may also offer transferable insights for other developing economies, positioning
Malaysia as a reference case for sustainable industrial transformation under Industry 5.0 [19].

2. Literature Review

2.1. Transition from Industry 4.0 to 5.0.

The transition from Industry 4.0 to Industry 5.0 marked the emergence of an entirely new
industrial paradigm, one that explicitly incorporated sustainability and socio-economic
dimensions. The implementation of cyber—physical systems, such as the Internet of Things
(IoT), cloud computing, and big data analytics, as characteristic of Industry 4.0, aimed to
optimize production, enable seamless connectivity, and enhance operational efficiency [20].
These technologies facilitated large-scale data collection and the automation of manufacturing
environments, enabling real-time decision-making and allowing managerial focus to shift
toward more complex and strategic tasks. However, the primary emphasis during this era
remained largely technological, while the social and ethical implications of technological
advancement were frequently overlooked. In contrast, Industry 5.0 sought to integrate
advanced technologies with human collaborative effort. Within this paradigm, technology was
designed to augment rather than replace human labor [21]. This shift underscored the growing
importance of ethical artificial intelligence, as social value was increasingly regarded as more
significant than purely economic value. Furthermore, Industry 5.0 emphasized co-creation, an
innovation process involving diverse participants such as employees, customers, and suppliers.
This collaborative approach aimed to generate innovations that delivered not only economic
benefits but also environmentally beneficial outcomes [22]. A core pillar of Industry 5.0 was
its strong advocacy for green innovation, which involved the adoption of eco-friendly materials
and manufacturing methods that incorporated waste reduction and emissions mitigation. These
efforts directly addressed urgent global challenges such as climate change and resource scarcity
[23]. Increasingly, enterprises adopted circular economy principles to enhance resource
efficiency and extend product life cycles, thereby reducing the overall ecological footprint of
industrial activities. The social value of Industry 5.0 was reflected in its emphasis on inclusivity
and equitable development. By aiming to reduce technological disparities, Industry 5.0 sought
to improve living standards and overall quality of life for all stakeholders involved in industrial
ecosystems [24].

2.2. Human-centric work.

Industry 5.0 shifted the focus toward automation-enabled work environments that supported
employee engagement, skill development, and ergonomic improvement. Empirical evidence
indicated that the integration of automation with ergonomic redesign of work processes
resulted in higher productivity and greater employee satisfaction [25]. While automation was
essential for improving efficiency in routine and non-complex tasks, human involvement
remained critical for managing non-automatable activities that required creativity and
innovation. Research demonstrated that effective organizations actively promoted employee
participation in decision-making processes and in the redesign of workflows and operational

87



Advanced Industrial and Business Management 1(1), 2026, 84—97

structures. Such participation enabled organizations to harness employees’ creativity and
contextual knowledge when developing organizational solutions, making participatory design
a key determinant of optimal workplace outcomes [26]. Organizations that adopted
collaborative strategies reported significant improvements in job satisfaction and
organizational commitment, as employees valued having their contributions recognized.
Additionally, firms that implemented workplace design strategies aligned with employees’
needs experienced notable improvements in employee health and productivity. High standards
of workplace ergonomics also yielded economic benefits, including reduced injury rates, lower
absenteeism, and enhanced overall productivity.

2.3. Sustainability & circularity.

Life cycle assessment (LCA), sustainability practices, and traceability emerged as critical
contributors to the growing integration of sustainability and circularity within the Industry 5.0
paradigm. Advanced approaches such as digital twins, LCA, and supply chain traceability
complemented circular production models. Digital twins, in particular, enabled the monitoring
and optimization of energy use across production processes, thereby reducing carbon emissions
[27]. Enhanced operational efficiency for sustainable practices was achieved by systematically
addressing energy-related inefficiencies. Advancements in LCA significantly improved the
socio-economic sustainability of goods and services [28]. By evaluating environmental costs
across all stages of a product’s life cycle, from raw material extraction and production to
transportation, usage, and disposal, LCA enabled producers to identify environmentally
harmful and economically costly processes. The potential for cost savings increased when
inefficiencies were addressed earlier in the production cycle. Moreover, shifting LCA cost
considerations downstream to distributors and consumers facilitated faster reductions in
environmental emissions and production costs. LCAs also identified opportunities for material
reuse, stock optimization, and reduced demand for virgin materials. Sustainable supply chain
accountability increasingly relied on technological integration and traceability systems. These
systems supported continuous environmental impact assessments (EIA) across entire supply
chains [29], enabling firms to verify the authenticity of materials used in sustainable production
and to ensure compliance with environmental standards.

2.4. Resilience of post-pandemic.

The COVID-19 pandemic, together with climate change—related disruptions, intensified the
relevance of resilience within industrial systems. During this period of adaptation,
organizations required rapidly evolving systems, resilient local supply chains, and advanced
data analytics to support effective problem management [30]. Resilient industrial systems
enabled organizations to adapt operational processes in response to dynamic and uncertain
environmental conditions, thereby allowing them to endure and recover during periods of
disruption. Operational flexibility emerged as a fundamental component of resilience. The
ability to reconfigure production and logistics systems efficiently enabled firms to respond
effectively to fluctuating supply and demand conditions. Organizations capable of rapidly
reallocating operational resources demonstrated enhanced resilience and sustained operational
efficiency during crises [31]. Strengthening collaborative relationships with local suppliers
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further reduced lead times and enhanced responsiveness to disruptions, reinforcing overall
supply chain robustness.

The application of data analytics for risk management further enhanced organizational
resilience. Predictive analytics allowed firms to identify potential vulnerabilities in operations
and supply chains, thereby enabling proactive rather than reactive risk management. Real-time
monitoring systems improved decision-making speed during disruptions, while scenario-based
risk assessments supported the development of more robust mitigation strategies [32].
Organizations that had previously adopted adaptive managerial practices experienced less
severe operational disruptions and recovered more rapidly, highlighting the strategic
importance of resilience-oriented operational models.

2.5. Developing economy context.

The characteristics of developing economies significantly shaped the operational environment
of small and medium-sized enterprises (SMEs), which constituted a substantial portion of
economic activity in these regions. SMEs in developing economies were typically constrained
by limited financial resources, skill shortages, and underdeveloped infrastructure. Despite
ongoing economic growth, these constraints reduced SMEs’ capacity to innovate and expand
sustainably [33]. Weak institutional frameworks further compounded these challenges, limiting
long-term SME development and sustainability. Alternative financial models, such as profit-
sharing arrangements based on Musharakah principles, were shown to support SME financing
without the burdens associated with conventional debt structures [34]. These models aligned
financial risk-sharing with ethical considerations and stakeholder welfare, making them
particularly suitable for SMEs in resource-constrained environments. Resource-sharing models
also played a critical role in alleviating SME constraints by reducing technology acquisition
and maintenance costs. Collaborative ecosystems encouraged the sharing of knowledge and
information, helping to address skill gaps and enhance organizational capabilities [35].
Evidence indicated that SMEs operating within collaborative networks were more resilient,
adaptable, and better positioned to overcome operational challenges. Additionally, shared
resources improved market access and reduced supply chain inefficiencies, thereby
strengthening SMEs’ competitive advantage. The increasing adoption of data-driven decision-
making further enhanced SME resilience. Predictive analytics provided insights into market
trends, customer behavior, and operational performance, enabling SMEs to make more
informed strategic decisions. These insights also supported targeted training initiatives aimed
at closing skills gaps and aligning workforce capabilities with evolving industry requirements
[36].

3. Methodology

This study adopted a quantitative, cross-sectional survey design to examine the relationships
between Industry 5.0 enablers and sustainability outcomes in Malaysia’s palm oil and
construction sectors. This approach was appropriate for testing hypotheses regarding how
human-centric practices, circularity initiatives, and resilience capabilities influenced the
implementation of Industry 5.0. The target population comprised stakeholders involved in both
sectors, including managers, engineers, sustainability officers, supervisors, and smallholder

representatives. A stratified sampling approach was applied to ensure adequate representation
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across two dimensions: (1) sector (palm oil versus construction) and (2) stakeholder type.
Respondents were recruited through industry associations, company networks, and cooperative
or smallholder groups.

4. Results and Discussion
4.1. Overview of Industry 5.0 readiness.

The results of this study provided an overview of the sample population and the level of
Industry 5.0 readiness in the Malaysian palm oil and construction sectors. The descriptive
outcomes indicated the level of technology integration and the adoption of human-centric
practices (such as participation and upskilling), circular economy practices (such as waste and
loss reduction, traceability), and post-pandemic resilience within these industries. The
inferential statistics confirmed that human-centric work, sustainable and circular economy
practices, and resilience had positive and significant associations with Industry 5.0
implementation and sustainability performance outcomes. Sectoral comparisons identified
which sector was more prepared and which barriers (such as skills, cost, supporting
frameworks, and stakeholder collaboration) were more prominent, thereby offering tailored
insights for policymakers and industry leaders.

Figure 1 compared the mean Likert-scale (1-5) scores of key Industry 5.0 dimensions
across the palm oil and construction sectors. It illustrated which sector reported stronger levels
of human-centric work, sustainability and circularity, resilience, technology integration, and
overall Industry 5.0 implementation.

Figure 1. Industry 5.0-related construct scores by sector (illustrative)
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Figure 1. Industry 5.0 related construct sector.

Figure 2 presented the standardized regression coefficients () of the main predictors
influencing Industry 5.0 implementation. Higher B values indicated stronger effects,
demonstrating which factors contributed most to explaining Industry 5.0 implementation
outcomes.
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Figure 2. Drivers of Industry 5.0 implementation.

Figure 3 summarized the percentage of respondents reporting major barriers to Industry
5.0 adoption in each sector. It highlighted the dominant constraints, including skills gaps,
funding limitations, governance issues, data and traceability infrastructure, and stakeholder
engagement, and showed how these barriers differed between the palm oil and construction
sectors.
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Figure 3. Main barriers to Industry 5.0 adoption by sector.

4.2. Discussion of key findings.

The purpose of this study was to explore the potential of Industry 5.0 as a framework for
flexible, human-centric, and sustainable industrial transformation in the Malaysian palm oil
and construction industries. Overall, the discussion suggested that there was growing
recognition within Malaysian industries of the need to move beyond a purely technocentric
Industry 4.0 approach. Nevertheless, the operationalization of human-centricity, sustainability,
and resilience remained fragmented and unsystematic. These findings supported the argument
that, in developing countries, Industry 5.0 was not merely about introducing advanced
technologies, but fundamentally involved redefining socio-technical arrangements and

governance-based business models to address persistent environmental and social challenges
[13].
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The analysis indicated that Industry 4.0-oriented initiatives in Malaysia’s processing
sectors continued to be driven largely by efficiency and productivity objectives, particularly in
manufacturing, palm oil, and construction. Technologies such as BIM and IoT were rarely
associated with improved human or societal outcomes, instead functioning primarily to
enhance operational control and coordination [6]. In contrast, the Industry 5.0 perspective
reframed these technologies as enablers of co-creation, ethical artificial intelligence, and
positive societal value [22]. Achieving this shift required deliberate changes in managerial
mindsets and policy priorities, as many firms continued to view digitalization as a top-down,
automation-driven cost-reduction strategy. Human-centric Industry 5.0 approaches, however,
emphasized participatory decision-making, worker empowerment, and community
involvement as core principles [28]. This implied a need for organizational redesign that
prioritized human creativity and judgment rather than treating workers as residual complements
to automated systems.

The findings further highlighted that human-centricity in Malaysia could not be separated
from issues of social equity, particularly for smallholders in the palm oil sector and low-skilled
workers in construction. While existing literature emphasized the environmental and social
controversies surrounding palm oil production, including deforestation and unequal benefit
distribution [7], this study extended the discussion by positioning smallholders and
marginalized workers as central actors in the Industry 5.0 transition rather than passive
beneficiaries. Evidence from the literature suggested that productivity and well-being gains
were greatest when automation was combined with redesigned workflows and active worker
participation [26]. Accordingly, palm oil plantations, mills, and construction sites were
encouraged to involve workers and smallholders in process design and technological decision-
making.

In practice, digital tools for traceability and quality management should not have been
imposed solely as compliance mechanisms but instead co-developed to reflect local knowledge
and constraints. Previous studies documented persistent skills gaps, indicating that without
integrated upskilling and reskilling strategies, Industry 5.0 transitions risked exacerbating
inequality [37]. In the construction sector, the integration of BIM and other digital tools
required enhanced technical and collaborative skills, yet many workers remained excluded
from training opportunities due to precarious employment conditions [38]. Genuine human-
centricity therefore required inclusive training pathways, supported by public—private
partnerships and tailored to SMEs and small construction firms.

Another central finding concerned the gap between sustainability aspirations and the
practical implementation of circular economy measures. Although digital twins, life cycle
assessment, and traceability systems were recognized as tools for low-carbon production and
responsible supply chains, adoption remained uneven and concentrated among larger firms. In
the palm oil sector, traceability initiatives were often inaccessible to smallholders due to
infrastructure and digital skills limitations [7]. Similarly, many construction SMEs lacked the
data and tools needed to assess environmental impacts. These findings reinforced the need for
simple, modular technologies that could be adopted more easily by resource-constrained actors
[39]. Collaborative platforms for LCA, digital twins, and traceability, governed by industry or
public-sector consortia, could help reduce access barriers and promote more inclusive
sustainability transitions.
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Resilience also emerged as a key theme, particularly in relation to supply chain
disruptions and climate risks. While the construction sector demonstrated vulnerabilities
related to global supply chain dependencies and just-in-time logistics [13], the palm oil sector
faced climate-related risks such as droughts and flooding. The findings suggested that
resilience and sustainability should be viewed as complementary rather than competing
objectives. Low-carbon and circular practices, including resource efficiency and waste
valorization, had the potential to reduce exposure to regulatory and climate-related risks while
enhancing long-term legitimacy and stakeholder trust [40].

Finally, the study highlighted that Industry 5.0 in Malaysia should be approached as a
governance challenge as much as a technological one. Structural constraints related to finance,
infrastructure, and skills continued to shape the trajectories of SMEs and smallholders. Limited
access to funding restricted investments in technology, sustainability, and training [14].
Alternative financing mechanisms, including Islamic finance models such as Musharakah,
were identified as potential pathways to better align risks and rewards for smaller actors [25].
Shared facilities, cooperative training centers, and improved data analytics capabilities were
also identified as mechanisms to enhance SME competitiveness.

Overall, the results suggested that more inclusive, multi-stakeholder governance
arrangements were required to align Industry 5.0 principles with national policies and sectoral
strategies [4]. Integrating human-centric and sustainability criteria into industrial incentives,
public procurement, and education systems was essential. This study contributed to the
emerging Industry 5.0 literature by emphasizing its relevance to developing economies and
resource-constrained sectors. It concluded that Industry 5.0 extended beyond technological
readiness and required systemic transformations in governance, skills development, and
stakeholder engagement.

5. Conclusion

Aspects related to the opportunities and challenges associated with the implementation of
Industry 5.0 in Malaysia’s construction and palm oil sectors had already been examined in
previous studies. Industry 5.0 was not merely an extension of Industry 4.0; rather, it represented
a fundamental rethinking of the industrial paradigm that prioritized people, planetary well-
being, and the development of climate-resilient economies. In the Malaysian context, the focus
needed to shift away from excessive automation and efficiency toward greater inclusiveness
and environmental and social balance. Malaysia possessed foundational elements such as BIM
and IoT adoption in construction, emerging sustainability policies, and growing awareness of
circular economy principles. However, these foundations were unevenly developed and
fragmented, particularly favoring larger firms, while persistent gaps remained in skills
development, financing, and governance structures. As a result, SMEs, smallholders, and low-
skilled workers were often excluded from meaningful participation in Industry 5.0 initiatives,
increasing the risk of widening socioeconomic inequalities and environmental degradation.
Consequently, a truly human-centric transformation required a highly localized approach. In
the palm oil sector, smallholders should not have been treated merely as passive recipients of
compliance requirements but rather recognized as equal partners in the innovation of digital
traceability systems, sustainability certification processes, and broader change initiatives.
Similarly, in the construction sector, digitalization should not have been confined to improving
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project execution efficiency but should also have encompassed system designs that enhanced
workplace ergonomics, supported continuous worker integration, and enabled ongoing skills
upgrading. This research further demonstrated the interconnectedness of sustainability,
circularity, and resilience, as technologies such as digital twins, life cycle analysis, and data-
driven risk management could support low-carbon, resource-efficient operations while
simultaneously strengthening operational readiness for disruptions. From a policy perspective,
the findings indicated that greater emphasis should have been placed on embedding Industry
5.0 principles into national industrial and sustainability policies, expanding access to targeted
financial and fintech solutions for SMEs and smallholder agriculture, strengthening synergies
within skills ecosystems linking government, industry, and education, and establishing
collaborative frameworks to align stakeholder expectations and develop coherent sectoral
roadmaps.
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