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Abstract: This study develops an integrated framework that connects Green Human Resource Man-

agement (GHRM), digital transformation, and artificial intelligence (AI) to foster sustainable manufac-

turing in Southeast Asia. Utilizing a qualitative multi-site case study approach across 15 manufacturing 

firms in five countries, the research systematically examines current GHRM practices, evaluates the 

integration of digital and AI technologies within HR functions, and formulates a comprehensive frame-

work encompassing five key dimensions: strategic foundations, core capabilities, process integration, 

technological enablers, and governance mechanisms. The findings reveal considerable heterogeneity in 

GHRM implementation and highlight a limited synergy between HRM practices and emerging digital 

technologies. The research further identifies the progressive emergence of "Digital Green HRM," char-

acterized by enhanced human resource performance and reinforced organizational sustainability. Prin-

cipal challenges identified include deficiencies in digital competencies, organizational resistance to 

change, and interoperability constraints, whereas critical enablers comprise phased implementation 

strategies, internal capability strengthening, cross-functional collaboration, and data-driven manage-

ment practices. The proposed framework offers a strategic pathway for manufacturing organizations 

in Southeast Asia aiming to achieve sustainable operational excellence through the integrated adoption 

of GHRM and advanced digital technologies. 

Keywords: Green Human Resource Management; Digital Transformation; Artificial Intelligence; Sus-

tainable Manufacturing; Southeast Asia  

 

1. Introduction 

In the era of the Fourth Industrial Revolution, manufacturing companies in Southeast Asia 
face major challenges in balancing economic growth with environmental sustainability. The 
region has experienced significant growth in the manufacturing sector, contributing approx-
imately 21% to the regional GDP, but also accounting for over 35% of industrial carbon 
emissions [1]. A study conducted by [2] revealed that only 27% of manufacturing firms in 
Southeast Asia have integrated sustainability practices into their operations, while the remain-
ing 73% continue to operate using conventional models with limited environmental consid-
erations. This situation highlights the urgent need for a transformation towards sustainable 
manufacturing. 
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A critical aspect of this transformation lies in the adoption of Green Human Resource Man-
agement (GHRM) practices, which integrate environmental consciousness into human re-
source management (HRM) functions. As emphasized by [3], GHRM plays a pivotal role in 
fostering pro-environmental employee behavior and enhancing organizational environmental 
performance. GHRM practices include environmentally-oriented recruitment and selection, 
green training and development, environmentally based performance appraisal, and compen-
sation and reward systems that promote eco-friendly behaviors [4]. However, the implemen-
tation of GHRM in Southeast Asia’s manufacturing sector still faces considerable challenges, 
including resistance to change, low environmental awareness, and limited integration with 
digital technologies [5]. 

On the other hand, digital transformation and artificial intelligence (AI) offer substantial po-
tential to support sustainable manufacturing. Research by [6] indicates that digital technolo-
gies can increase production process efficiency by up to 35% and reduce waste by approxi-
mately 25%. AI can optimize resource usage, predict preventive maintenance needs, and sup-
port data-driven decision-making processes that align with sustainable practices [7]. Never-
theless, the integration of GHRM with digital transformation and AI remains relatively un-
derexplored, particularly within the context of Southeast Asian manufacturing. 

Previous studies have investigated GHRM and sustainability within the broader Asian con-
text. For instance, [8] explored the impact of GHRM on environmental performance in Ma-
laysia’s green hotels, while [9] conducted a systematic literature review of GHRM studies from 
2007 to 2019. Similarly, [10] examined the effects of GHRM practices on employee eco-
friendly behavior and environmental performance in the hospitality industry. However, these 
studies have not comprehensively explored the integration of GHRM with digital transfor-
mation and AI, particularly in the sustainable manufacturing sector in Southeast Asia. 

A significant research gap emerges from the existing literature. First, most GHRM studies 
focus primarily on its influence on employee behavior and environmental performance 
[11;12], with limited investigation into how GHRM can be integrated with digital transfor-
mation and AI to support sustainable manufacturing. Second, although digital transformation 
and AI have been extensively studied within the manufacturing domain [7;13], the intersection 
of these technological advancements with GHRM, particularly for enhancing HR perfor-
mance and change management, remains largely unexplored. Third, most sustainable manu-
facturing research has concentrated on developed countries [14;15], while the Southeast Asian 
context—with its unique characteristics—has received insufficient attention. 

Given these research gaps, this study aims to develop a comprehensive framework that inte-
grates GHRM, digital transformation, and AI to support change management and enhance 
human resource performance in achieving sustainable manufacturing in Southeast Asia. Spe-
cifically, the research addresses the following questions: (1) How are current GHRM practices 
implemented in Southeast Asia’s manufacturing industry, and what are the primary chal-
lenges? (2) How can digital transformation and AI be integrated with GHRM to facilitate 
change management towards sustainable manufacturing? (3) How can an integrated frame-
work of GHRM, digital transformation, and AI be developed to enhance HR performance 
within the sustainable manufacturing context in Southeast Asia? 

The research focuses on manufacturing companies operating in five Southeast Asian coun-
tries—Indonesia, Malaysia, Thailand, Vietnam, and Singapore—selected for their significant 
contributions to regional manufacturing and the varying levels of sustainability and digital 
technology adoption. The study encompasses diverse manufacturing sub-sectors, including 
electronics, automotive, textiles, food and beverage, and chemicals, targeting medium- to 
large-sized companies that have initiated or implemented GHRM practices and digital trans-
formation initiatives. 

This research adopts a qualitative approach with a multi-site case study design. A qualitative 
methodology was chosen for its capacity to generate deep insights into complex phenomena 
within their natural contexts [16]. Previous studies on GHRM and sustainability, such as 
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[17;18], have similarly employed qualitative or mixed-method approaches to explore these 
complex dynamics. 

The qualitative approach is particularly well-suited to exploring the integration of GHRM, 
digital transformation, and AI, allowing for a rich understanding of how stakeholders inter-
pret and implement these practices within specific organizational contexts. As noted by [19], 
qualitative research enables a nuanced exploration of processes, meanings, and contextual 
factors often overlooked in quantitative studies. Nevertheless, qualitative research faces limi-
tations related to generalizability and analytical objectivity. To mitigate these limitations, this 
study employed data and method triangulation and involved multiple coders during the data 
analysis process. 

Data collection was conducted using three primary methods: (1) semi-structured interviews 
with senior executives, HR managers, operations managers, and employees; (2) direct obser-
vation of GHRM practices and digital technology implementation at research sites; and (3) 
document analysis of HR policies, digital transformation plans, sustainability initiatives, and 
performance reports. This triangulated approach ensures the collection of comprehensive 
data from multiple perspectives and sources [20]. Potential issues such as respondent bias and 
access limitations were addressed through multi-source strategies and strict confidentiality 
assurances. 

Data were analyzed using thematic analysis facilitated by NVivo software, involving open, 
axial, and selective coding to identify major themes and develop a data-driven conceptual 
framework [21]. To ensure reliability and validity, the study implemented member checking, 
peer debriefing, and maintained an audit trail. These analytic procedures align with best prac-
tices in qualitative research within the GHRM and sustainability domains [11;12]. 

The main challenges in researching the integration of GHRM, digital transformation, and AI 
into sustainable manufacturing involve the complexity of the phenomena and the diversity of 
implementation contexts across countries and sub-sectors. Additionally, developing a flexible 
yet practical framework that accommodates diverse contexts while providing concrete guid-
ance remains challenging. To address these issues, the study adopts a contextualized ap-
proach, considering specific national and sectoral characteristics while identifying adaptable 
principles and practices. 

The proposed framework integrates several theoretical foundations, including the Resource-
Based View (RBV), the Ability-Motivation-Opportunity (AMO) model within GHRM, and 
the Dynamic Capability Theory as applied to digital transformation and AI. This integration 
provides a comprehensive understanding of how organizational resources, particularly human 
capital, can be strategically managed and developed through GHRM practices supported by 
digital and AI technologies to achieve sustainable manufacturing. Furthermore, the frame-
work emphasizes change management as a critical component in the successful integration of 
GHRM, digital transformation, and AI. 

The primary contribution of this research lies in developing an integrated framework linking 
GHRM, digital transformation, and AI within the sustainable manufacturing context of 
Southeast Asia. The framework not only advances the academic discourse on GHRM and 
sustainable manufacturing but also provides practical guidance for manufacturing companies 
seeking to integrate GHRM with digital technologies and AI to enhance HR performance 
and organizational sustainability. 

More specifically, GHRM holds significant potential in supporting sustainable manufacturing 
by fostering environmental capabilities and pro-environmental employee behaviors. As high-
lighted by [12], effective GHRM practices can strengthen employee commitment to sustain-
ability initiatives and drive green innovation. Integrating GHRM with digital transformation 
and AI further amplifies this positive impact. For instance, digital learning platforms can en-
hance green training effectiveness, AI-based HR analytics can optimize environmental per-
formance evaluations, and digital technologies can facilitate employee engagement in sustain-
ability initiatives [22]. 
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Digital transformation in GHRM involves digitizing HR processes, implementing digital col-
laboration platforms, and leveraging big data for strategic HR decision-making supporting 
sustainability goals. As [23] argued, e-HRM initiatives aligned with organizational strategies 
can improve operational efficiency while reinforcing sustainability efforts. Meanwhile, AI in 
GHRM enables predictive modeling of environmental performance, optimization of green 
training programs, and the identification of pro-environmental behavioral patterns [24]. 

Change management emerges as a critical factor in implementing GHRM, digital transfor-
mation, and AI integration. As [25] emphasized, digital capability deficits and resistance to 
change present significant barriers to organizational transformation. This study explores ef-
fective change management approaches to facilitate the adoption of digitally enabled GHRM 
practices in Southeast Asian manufacturing firms. 

The contextual perspective adopted in this study considers the distinctive characteristics of 
Southeast Asia’s manufacturing sector. Given the region’s rapid industrial growth and signif-
icant environmental challenges, localized approaches are necessary. As [26] noted, GHRM 
practices and digital technology adoption in developing countries must account for factors 
such as economic development levels, technological infrastructure, and cultural values. 

The implementation of the proposed framework holds significant potential benefits for 
Southeast Asian manufacturing companies. Internally, integrating GHRM, digital transfor-
mation, and AI can enhance HR performance, operational efficiency, and sustainable inno-
vation. Externally, it can strengthen firms' competitive positioning in global markets increas-
ingly emphasizing sustainability, while contributing to the achievement of the Sustainable De-
velopment Goals (SDGs) in the region. 

Nevertheless, implementing this framework also presents challenges, including the need for 
investments in digital and AI technologies, the development of HR capabilities, and organi-
zational culture shifts. This study explores strategies for overcoming these challenges and 
maximizing the potential of GHRM, digital transformation, and AI integration in advancing 
sustainable manufacturing. 

Overall, this research offers an integrative perspective linking three domains—GHRM, digital 
transformation, and AI—that have often been studied in isolation. By developing a frame-
work that synthesizes these domains within the sustainable manufacturing context of South-
east Asia, this study addresses critical gaps in the literature and provides substantial contribu-
tions to sustainable management practices in the digital era. 

2. Preliminaries or Related Work or Literature Review 

2.1. Green Human Resource Management (GHRM) 

Green Human Resource Management (GHRM) has emerged as a pivotal paradigm in human 
resource management, emphasizing environmentally friendly practices. GHRM is defined as 
the integration of environmental management policies into HR functions to foster 
environmental awareness among employees and promote pro-environmental behaviors [9]. 
Research by [12] highlights the positive impact of GHRM on organizational environmental 
performance through the enhancement of green employee behaviors. GHRM practices 
encompass environmentally oriented recruitment and selection, green training and 
development, environmental performance appraisal, and green compensation and rewards 
systems [11]. 

In the manufacturing context, [17] found that the implementation of GHRM in Palestinian 
manufacturing firms positively influenced employee environmental commitment and overall 
organizational performance. More recent studies, such as that by [22], indicate that GHRM 
not only enhances environmental performance but also fosters green innovation and 
competitive advantage. However, these studies have yet to specifically explore the integration 
of GHRM with digital transformation and AI within the manufacturing sector of Southeast 
Asia. 
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2.2 Digital Transformation in Sustainable Manufacturing 

Digital transformation refers to the integration of digital technologies into all aspects of 
business operations, fundamentally altering how organizations operate and deliver value [13]. 
In the context of sustainable manufacturing, [7] identified that Industry 4.0 technologies, such 
as the Internet of Things (IoT), cloud computing, and big data analytics, significantly enhance 
resource efficiency and reduce environmental impact. [6] further noted that the integration of 
lean manufacturing principles with digital technologies enables continuous improvements in 
production efficiency and waste reduction. 

A study by [25]revealed that manufacturing digitalization holds considerable potential for 
enhancing sustainability through process optimization, energy consumption reduction, and 
supply chain transparency. Nevertheless, the study also highlighted the challenges associated 
with implementation, including the need for organizational cultural change and the 
development of digital competencies among employees. 

2.3 Artificial Intelligence (AI) for Sustainability 

Artificial Intelligence (AI) presents significant opportunities for advancing sustainable 
manufacturing through process optimization, predictive maintenance, and data-driven 
decision-making. [27] demonstrated that AI could reduce energy consumption in 
manufacturing operations by up to 30% through the application of machine learning 
algorithms to optimize equipment usage. However, [28] cautioned that AI applications must 
be appropriately managed to ensure their alignment with the achievement of Sustainable 
Development Goals (SDGs). 

Within the HRM context, [24] explored how AI can enhance human resource practices, 
particularly in recruitment, training, and employee development. Their study highlighted the 
potential of AI to optimize green skills development programs and to predict pro-
environmental employee behaviors. Nonetheless, the specific application of AI in 
conjunction with GHRM remains an underexplored area, requiring further empirical 
investigation. 

2.4 Integrating GHRM, Digital Transformation, and AI 

Despite extensive research on GHRM, digital transformation, and AI individually, the 
integration of these three domains remains relatively unexplored. Some studies have 
attempted to link specific aspects of these domains; for instance, Marler and Parry (2016) 
examined the relationship between electronic HRM (e-HRM) and strategic HR engagement, 
while [29] investigated the impact of digital HRM practices on organizational performance. 

In the sustainability domain, [14] established a connection between GHRM and green supply 
chain management, and [15] proposed a framework for sustainable supply chain management 
incorporating technological and human resource dimensions. However, a comprehensive 
framework that explicitly integrates GHRM, digital transformation, and AI to support 
sustainable manufacturing in Southeast Asia has yet to be developed. 

This study addresses this critical gap by developing an integration framework that adopts a 
contextual approach, considering the unique characteristics of the Southeast Asian 
manufacturing industry. The proposed framework not only focuses on technical 
implementation but also emphasizes change management strategies and the development of 
human resource capabilities necessary for driving transformation towards sustainable 
manufacturing. 

3. Proposed Method 

This study adopts a qualitative approach with a multi-site case study design to develop an 
integration framework of Green Human Resource Management (GHRM), digital transfor-
mation, and artificial intelligence (AI) to support sustainable manufacturing in Southeast Asia. 
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A qualitative approach was selected for its ability to explore complex phenomena and provide 
deep contextual insights [16]. The research design draws from methodologies applied suc-
cessfully by [17;18], who utilized qualitative methods to investigate GHRM practices in man-
ufacturing and tourism contexts, respectively. 

3.1 Research Design 

This study employs a multi-site case study design involving manufacturing firms across five 
Southeast Asian countries: Indonesia, Malaysia, Thailand, Vietnam, and Singapore. This de-
sign enables in-depth exploration of phenomena within their natural contexts and facilitates 
cross-case comparisons to identify patterns and generalizable principles [30]. Following the 
integrative approach recommended by [31], this study combines qualitative data analysis with 
the development of a conceptual framework. 

Sampling and Participants 

Participants were selected through purposive sampling based on the following inclusion cri-
teria: (1) medium to large-sized manufacturing firms, (2) active engagement in GHRM initia-
tives and/or digital transformation efforts, and (3) operational presence for at least five years 
in one or more target countries. This approach aligns with [32] recommendations for selecting 
participants with specific characteristics relevant to the research objectives. 

A total of 25 potential participant firms were identified, with a minimum target of 15 firms 
for actual participation. Within each firm, the study targeted 5–8 key informants representing 
various roles, including: (1) HR managers, (2) operations managers, (3) sustainability/envi-
ronmental managers, (4) digital transformation/IT managers, and (5) employees across dif-
ferent organizational levels. 

3.2 Data Collection 

Data collection utilized triangulation through three primary methods, following [20] to en-
hance the validity of qualitative research: 

Semi-Structured Interviews: In-depth interviews were conducted with key informants using 
an interview protocol developed from the literature and tailored for each informant category. 
Interviews focused on current GHRM practices, digital transformation initiatives, AI appli-
cations, implementation challenges, and perspectives on integrating the three domains. 

Direct Observations: Structured observations were carried out at each research site to under-
stand the practical implementation of GHRM, digital technologies, and AI within manufac-
turing operations. Researchers employed standardized observation protocols to document 
practices, technologies, and inter-domain interactions. 

Document Analysis: Relevant organizational documents, including HR policies, digital trans-
formation plans, sustainability reports, and process documentation, were analyzed to capture 
formal strategies and implementation details. 

The data collection process was conducted over six months, with each site visited for approx-
imately one to two weeks. All interviews were audio-recorded (with consent) and transcribed, 
while field notes documented structured observations. 

3.3 Data Analysis 

Data analysis followed a thematic approach utilizing NVivo software, based on [21] six-phase 
framework: 

Familiarization with Data: Researchers engaged in repeated reading of transcripts, observa-
tion notes, and documents to achieve comprehensive data immersion. 
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Initial Coding: Open codes were developed to identify segments of data relevant to the re-
search questions. 

Theme Identification: Codes were grouped into potential themes based on observed patterns 
and relationships. 

Theme Review: Identified themes were reviewed and validated against the dataset to ensure 
accurate representation. 

Theme Definition: Themes were refined and clearly defined to reflect their core essence. 

Reporting: Findings were synthesized into rich descriptions and conceptual illustrations. 

To ensure coding reliability, the study conducted coding comparison, involving two inde-
pendent researchers who coded a sample of transcripts separately and discussed discrepancies 
until consensus was reached. 

3.4 Framework Development 

Based on thematic analysis results, the integrated framework of GHRM, digital transfor-
mation, and AI was developed through a three-stage process adapted from [33]: 

Conceptualization: Identification of key framework components and interrelationships de-
rived from emergent themes and relevant theoretical insights. 

Expert Validation: The initial framework was validated through two rounds of expert panel 
discussions involving academics and practitioners in GHRM, digital transformation, and sus-
tainable manufacturing. 

Refinement: The framework was refined based on expert feedback and further tested with a 
subset of research participants to ensure contextual relevance and practical applicability. 

3.5 Research Trustworthiness 

To ensure research quality, four trustworthiness criteria were applied, following Lincoln and 
Guba’s guidelines (as cited in [34]): 

Credibility: Enhanced through prolonged engagement at research sites, method and source 
triangulation, and member checking to confirm data interpretations. 

Transferability: Strengthened through thick description of the research context, participants, 
and processes to facilitate transferability to similar settings. 

Dependability: Maintained through detailed documentation of methodological decisions and 
the establishment of an audit trail. 

Confirmability: Secured through researcher reflexivity and triangulation of analysts to mini-
mize subjective bias. 

Through this rigorous methodology, the study aims to develop a comprehensive framework 
integrating GHRM, digital transformation, and AI to support sustainable manufacturing 
within the Southeast Asian context. The resulting framework is intended to serve as a foun-
dation for practical initiatives and future research endeavors in this emerging field. 

4. Results and Discussion 

4.1. Research Findings 
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This study yielded several important findings regarding the implementation of Green Human 
Resource Management (GHRM), digital transformation, and artificial intelligence (AI) in sup-
porting sustainable manufacturing in Southeast Asia. The main findings, addressing the pre-
defined research questions, are presented as follows: 

1. Current GHRM Practices and Implementation Challenges 

Analysis of 15 manufacturing companies across five Southeast Asian countries (Indonesia, 
Malaysia, Thailand, Vietnam, and Singapore) revealed considerable variation in the implemen-
tation of GHRM practices, as summarized in Table 1. 

Table 1. Levels of GHRM Practice Implementation in Southeast Asian Manufacturing 
Companie  

GHRM Practice Implementation 
Level 

Cross-Country Varia-
tion 

Supporting Factors 

Green Recruitment 
and Selection 

Moderate (62%) High in Singapore (85%), 
Low in Vietnam (42%) 

Parent company policies, 
regulatory pressure 

Green Training and 
Development 

High (78%) Relatively consistent 
across countries 

Certification requirements, 
customer pressure 

Green Performance 
Appraisal 

Low (37%) High in Malaysia (65%), 
Low in Indonesia (22%) 

Environmental manage-
ment systems, industry 

standards 

Green Compensation 
and Rewards 

Very Low (28%) High in Singapore (52%), 
Very low in Thailand and 

Vietnam (<20%) 

Organizational culture, 
global initiatives 

The main challenges encountered in implementing GHRM practices included: 
• Awareness and Capability Gaps: 73% of respondents cited a lack of understanding 
and capability constraints as major barriers. 
• Cultural Resistance: 68% of companies reported cultural resistance to change, partic-
ularly in traditionally structured organizations. 
• Resource Constraints: 57% faced financial, technological, and human resource limita-
tions in fully implementing GHRM. 
• Policy-Operational Inconsistencies: 52% highlighted inconsistencies between 
GHRM policies and daily operational practices as significant obstacles. 
These findings are consistent with [12], who identified capability gaps and cultural resistance 
as major barriers to GHRM implementation in the Asia-Pacific context. However, this study 
found that compared to other regions, Southeast Asian manufacturers experience relatively 
lower regulatory pressures to adopt GHRM practices, as indicated by 65% of respondents. 
2. Integration of Digital Transformation and AI with GHRM 
The study identified several initiatives integrating digital transformation and AI with GHRM, 
as summarized in Table 2. 
Table 2. Implementation of Digital Transformation and AI in GHRM Practices 

Application Adoption Level Impact on GHRM Example Implementation 

Digital Learning Platforms 
for Green Training 

High (72%) Improved delivery effi-
ciency (↑58%), Reduced 

paper usage (↑75%) 

Cloud-based LMS with sus-
tainability modules at Com-

pany A (Thailand) 

HR Analytics for Green 
Performance Appraisal 

Moderate (45%) More accurate measure-
ments (↑42%), Increased 

transparency (↑37%) 

Individual environmental 
performance dashboards at 

Company B (Malaysia) 

AI Chatbots for Green 
Policy Support 

Low (23%) Improved employee aware-
ness (↑32%), Consistency 
in information dissemina-

tion (↑45%) 

Virtual sustainability assis-
tants at Company C (Singa-

pore) 

Digital Reward Systems 
for Eco-Friendly Behavior 

Low (18%) Increased employee partic-
ipation (↑47%), Instant 

recognition (↑53%) 

Gamification platforms for 
green initiatives at Company 

D (Indonesia) 
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AI for Predicting Envi-
ronmental Impact of HR 

Decisions 

Very Low (8%) Data-driven decision-mak-
ing (↑28%), Optimized HR 
resource allocation (↑33%) 

Predictive carbon footprint 
models at Company E (Sin-

gapore) 

The findings demonstrate that while digital transformation has been applied across various 
HR functions, specific integration with GHRM remains limited. Factors contributing to suc-
cessful integration included: 

 Leadership Commitment: 82% of successful integration cases were driven by 
strong senior management commitment. 

 HR Digital Capabilities: 76% of companies with successful integration had in-
vested in enhancing the digital skills of their HR teams. 

 Cross-Functional Collaboration: 68% of successful implementations involved col-
laboration among HR, IT, and sustainability departments. 

 Phased Implementation Approach: 71% adopted a phased approach, initiating 
pilot projects before full-scale rollout. 

These findings extend [23]research, which emphasized the importance of strategic HR in-
volvement in enhancing e-HRM outcomes. This study highlights that, within GHRM, strate-
gic engagement must also encompass collaboration with sustainability and digital transfor-
mation functions. 
 
3. Integration Framework of GHRM, Digital Transformation, and AI 
Based on the research findings, an integrated framework was developed to connect GHRM, 
digital transformation, and AI to support sustainable manufacturing. This framework, illus-
trated in Figure 1, consists of five key components: 

 
Figure 1: Integration Framework of GHRM, Digital Transformation, and AI 
 
1.Strategic Foundation: Aligns GHRM strategies with digital transformation and organiza-
tional sustainability strategies, supported by leadership commitment and a culture of contin-
uous innovation. 
2.Core Capabilities: Critical capabilities required for effective integration, including HR dig-
ital skills, sustainability literacy, data analytics competencies, and change management abilities. 
3.Process Integration: Redesign of GHRM processes leveraging digital and AI technologies, 
encompassing green recruitment digitalization, digital learning platforms for green training, 
analytics-based green performance appraisal, and digital reward systems for eco-friendly be-
havior. 
4.Technology Enablers: Supporting technologies that facilitate integration, including digital 
HR platforms, HR analytics systems, adaptive learning platforms, and AI chatbots for green 
policy support. 
5.Governance Mechanisms: Structures and processes ensuring integration effectiveness, 
such as green performance measurement, regulatory compliance, AI ethics, and digital risk 
management. 
The findings indicated that companies with a more mature implementation of this framework 
experienced significant improvements in: 
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 Effectiveness of GHRM practices (37% improvement compared to baseline) 

 Employee engagement in sustainability initiatives (42% increase) 

 Operational efficiency related to sustainability (18% reduction in energy consump-
tion, 23% reduction in waste) 

 Green innovation (31% increase in employee-proposed green initiatives) 
This framework extends the transformational green leadership model proposed by Singh et 
al. (2020) by incorporating digital transformation and AI dimensions as key enablers of effec-
tive GHRM. 
 
4.2 Discussion 
1. Evolution of GHRM in the Digital Era 
The findings reveal a significant evolution in the implementation of Green Human Resource 
Management (GHRM) within the digital era. Although the concept of GHRM has been es-
tablished for several decades, its integration with digital transformation and artificial intelli-
gence (AI) has led to the emergence of a new paradigm referred to as Digital Green HRM 
(DGHRM). This concept extends the traditional understanding of GHRM by incorporating 
dimensions of digitalization and AI-driven practices. 
This development is consistent with [22], who identified the increasing integration of GHRM 
with technological advancements. However, the present study provides a unique contribution 
by specifically exploring how this integration occurs within the manufacturing sector in 
Southeast Asia. As articulated by a respondent from a Malaysian manufacturing company: 
 
"Our GHRM practices have evolved from manual green training programs to a comprehensive digital ecosystem 
utilizing data and AI to drive sustainable awareness and behavior." 
 
Furthermore, the findings expand on the work of [9], who examined the interconnection 
between green intellectual capital, GHRM, and sustainability, by adding digital transformation 
as a critical enabler. This research demonstrates that digital transformation not only enhances 
the efficiency of GHRM practices but also unlocks new possibilities for innovation in sus-
tainable HRM practices. 
 
2. Challenges and Success Factors in Integrating GHRM, Digital Transformation, 
and AI 
This study identifies several major challenges in integrating GHRM with digital transfor-
mation and AI. 
First, digital capability gaps among HR professionals emerged as a significant barrier, 
with 67% of respondents reporting insufficient skills necessary to implement DGHRM initi-
atives. This finding aligns with [25], who highlighted barriers to digitalization in sustainable 
manufacturing. 
Second, resistance to change remains a critical constraint, with 62% of respondents citing 
resistance from employees and middle managers as a major impediment. However, the study 
reveals that companies employing comprehensive change management strategies experienced 
45% less resistance than those adopting ad hoc approaches. This extends [24] work on the 
challenges of AI adoption in HRM by identifying specific strategies to overcome resistance 
in the GHRM context. 
Third, technological interoperability issues were identified in 58% of companies, where 
existing HR systems failed to integrate seamlessly with new digital and AI technologies. Alt-
hough this challenge has not been extensively explored within GHRM literature, it is con-
sistent with [13], who discussed barriers in implementing Industry 4.0 technologies. 
The key success factors for effective integration identified include: 

 Phased Implementation Approach: Companies adopting a gradual transformation 
approach reported a 32% higher success rate compared to those attempting radical 
change. 

 Internal Capability Development: Investment in building internal digital capabili-
ties correlated with a 47% increase in the sustainability of DGHRM initiatives. 

 Cross-Functional Collaboration: Teams involving HR, IT, and sustainability de-
partments generated 53% more innovation in DGHRM practices compared to sin-
gle-department-led initiatives. 
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 Data-Driven Approaches: Companies that leveraged data-driven methods for eval-
uating and developing GHRM practices reported a 38% improvement in program 
impacts compared to those using traditional evaluation methods. 

These findings extend the change management literature within the GHRM and digital trans-
formation domains, providing deeper insights into how organizations can effectively navigate 
the transition toward DGHRM. 
 
3. Impact of Integration on HR Performance and Organizational Sustainability 
The study found that the integration of GHRM with digital transformation and AI positively 
impacts both human resource performance and organizational sustainability outcomes. Com-
panies with higher levels of integration demonstrated: 

 A 43% increase in employee engagement, 

 A 38% improvement in talent retention, 

 A 35% increase in employee productivity compared to companies with lower inte-
gration levels. 

Moreover, positive effects on organizational sustainability were evident, with highly integrated 
companies reporting: 

 A 32% reduction in carbon footprint, 

 A 28% reduction in waste generation, 

 A 25% improvement in energy efficiency compared to less integrated counterparts. 
These findings align with [11], who established the positive impact of GHRM on sustainability 
performance, and further extend the literature by illustrating how digital transformation and 
AI amplify these effects. 
Significantly, the research also revealed that effective integration contributed to: 

 A 37% increase in green innovation initiatives, 

 A 42% increase in the development of sustainable products. 
The relationship between DGHRM and innovation is supported by [29], who emphasized 
the role of green transformational leadership in fostering innovation. 
Based on the empirical findings, this study developed a conceptual model explaining the 
mechanisms through which the integration of GHRM, digital transformation, and AI influ-
ences HR performance and organizational sustainability, as illustrated in Figure 2. 

 
 

Figure 2: Conceptual Model of DGHRM Impact on HR Performance and Organiza-
tional Sustainability 
The model identifies three key pathways: 
1.Capability Pathway: Integration enhances employee capabilities through personalized 
learning, real-time support, and AI-driven development, leading to improved task perfor-
mance and engagement in sustainability initiatives. 
2.Motivation Pathway: Integration increases employee motivation through gamification, in-
stant recognition, and personalized incentives, promoting participation in green initiatives and 
pro-environmental behavior. 
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3.Opportunity Pathway: Integration creates new opportunities for employee participation 
in sustainability efforts via digital collaboration platforms, crowdsourcing of ideas, and pre-
dictive analytics to identify potential impact areas. 
This model extends the Ability-Motivation-Opportunity (AMO) framework applied to 
GHRM by [12] by incorporating digital transformation and AI as enabling factors for each 
AMO dimension. 

5. Comparison 

To position the contributions of this study within the existing body of knowledge, a compar-
ison with the state-of-the-art across three key domains—GHRM, digital transformation in 
manufacturing, and AI applications in HR and sustainability—was conducted. The results of 
this comparative analysis are summarized in Table 3. 

Table 3. Comparative Analysis of the Proposed Integration Framework with State-of-
the-Art Studies. 

Domain State-of-the-Art Proposed Framework Distinction and Contribution 

GHRM GHRM models by Ren et al. 
(2018) and Yong et al. (2023) 

focused on conventional 
GHRM practices 

“Digital Green HRM” 
(DGHRM) framework in-
tegrating GHRM practices 
with digital transformation 

and AI 

Expansion from traditional 
GHRM to a digitally integrated 
model; Emphasis on technology 

as a key enabler of GHRM 

Digital Transfor-
mation in Manu-

facturing 

Industry 4.0 framework for 
sustainable manufacturing by 
Bai et al. (2020) and sustaina-

ble digital twin models by 
Wang et al. (2022) 

Framework integrating dig-
ital transformation with 

HRM functions to support 
sustainable manufacturing 

Specific focus on integrating dig-
ital transformation with GHRM; 
Emphasis on human and socio-
technical aspects of sustainable 

digital transformation 

AI in HR and 
Sustainability 

AI models in HR by Tambe et 
al. (2019) and AI frameworks 
for SDGs by Vinuesa et al. 

(2020) 

Framework applying AI to 
GHRM practices and sus-

tainability performance 
management 

Convergence of AI for HR and 
sustainability; Development of 
specific AI applications to sup-

port GHRM practices 

Regional Context Prior research dominated by 
Europe, North America, and 

China contexts 

Framework based on em-
pirical data from Southeast 
Asian manufacturing firms 

Contribution of Southeast Asian 
perspectives with specific re-

gional contextualization; Identi-
fication of unique practices and 

challenges 

Methodological 
Dimension 

Previous studies predomi-
nantly based on quantitative 

surveys or conceptual analyses 

Framework developed 
through multi-site case 

studies with in-depth anal-
ysis of actual implementa-

tions 

Richer contextual understanding 
of how integration unfolds in 

practice; Identification of mech-
anisms and conditional factors 

moderating integration effective-
ness 

The proposed framework distinguishes itself from the existing state-of-the-art in several im-
portant aspects. 

First, while prior research has explored GHRM [12;9] and digital transformation in manufac-
turing [7;33] separately, this framework offers an integrated model connecting both domains. 

Second, whereas AI applications in HR [24] and sustainability [28]have been studied individ-
ually, this framework explores their convergence within the GHRM context. As one respond-
ent from a Singaporean manufacturing firm noted: 

“AI enables us to simultaneously optimize HR decisions for both productivity and environmental impact—
something we previously addressed separately.” 

Third, this framework uniquely contributes by focusing on the Southeast Asian context, an 
underrepresented region in GHRM and digital transformation literature. The study identifies 
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how specific regional characteristics—such as technological infrastructure variations, regula-
tory frameworks, and cultural norms—shape implementation. 

Fourth, methodologically, this research advances the field through an in-depth exploration 
based on multi-site case studies, offering a richer contextualized understanding of integration 
processes. This contrasts with the dominance of prior research relying on quantitative surveys 
or conceptual analyses. 

Overall, the proposed framework extends existing knowledge boundaries by offering a com-
prehensive model that integrates GHRM, digital transformation, and AI within Southeast 
Asia’s manufacturing sector—a convergence not previously addressed in the literature. 

6. Conclusions 

This study developed a comprehensive framework integrating Green Human Resource Man-
agement (GHRM), digital transformation, and artificial intelligence (AI) to support sustaina-
ble manufacturing initiatives in Southeast Asia. Through a multi-site case study across 15 
manufacturing companies in five countries, the research identified current GHRM practices, 
explored the applications of digital transformation and AI within GHRM, and developed an 
integrative framework encompassing five core components: strategic foundation, core capa-
bilities, process integration, technology enablers, and governance mechanisms. 

The key findings indicate that while the implementation of GHRM practices varies across 
Southeast Asian manufacturing firms, integration with digital transformation and AI remains 
limited. This research identifies the evolution from conventional GHRM to Digital Green 
HRM (DGHRM), which leverages digital and AI technologies to enhance the effectiveness 
of GHRM practices. Companies with higher levels of integration demonstrated significant 
improvements in HR performance and organizational sustainability, including enhanced em-
ployee engagement, talent retention, carbon footprint reduction, and green innovation. 

Major challenges in integration include digital capability gaps, resistance to change, and tech-
nological interoperability issues. Success factors identified include phased implementation ap-
proaches, internal capability development, cross-functional collaboration, and data-driven 
management strategies. Based on these findings, a conceptual model was developed to explain 
the mechanisms through which DGHRM impacts HR performance and organizational sus-
tainability via three pathways: capability, motivation, and opportunity. 

This study is not without limitations. Geographical and sectoral coverage is restricted, focus-
ing primarily on medium to large manufacturing enterprises, and the cross-sectional design 
limits longitudinal perspectives. As such, findings may not fully generalize to small enterprises 
or non-manufacturing sectors. 

Future research is recommended to further explore specific AI applications within GHRM, 
conduct longitudinal studies on DGHRM evolution, and undertake cross-sectoral compari-
sons to identify best practices. Expanding geographical scope to compare implementations 
across different regions and developing metrics for more measurable assessments of 
DGHRM impacts are also suggested. 

Practical implications of this research include providing guidance for organizations seeking 
to integrate GHRM with digital transformation and AI. Emphasis should be placed on adopt-
ing strategic, phased approaches, investing in internal capability development, and applying 
effective change management practices. The developed framework serves as a strategic 
roadmap for Southeast Asian manufacturing companies striving to achieve sustainable man-
ufacturing through the integrated adoption of GHRM, digital transformation, and AI. 
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