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Abstract 

In the wake of global environmental challenges and the accelerating transition to renewable energy systems, the 

role of Green Human Resource Management (GHRM) has become increasingly critical. This research explores 

the transformative potential of holographic interfaces in employee training within the renewable energy sector, 

emphasizing their impact on knowledge retention, behavioral change, and sustainable organizational culture. 

Holographic technology, through its immersive and interactive capabilities, offers a dynamic platform for skill 

acquisition and simulation-based learning, effectively bridging the gap between theory and practice. The study 

examines how integrating holographic training modules into GHRM strategies enhances employee green 

behavior, fosters collaborative problem-solving, and supports long-term sustainability goals. Data comparisons 

reveal significant improvements in training efficiency, ecological awareness, and emission reductions. 

Moreover, the research highlights enabling technologies such as Extended Reality, Deep Reinforcement 

Learning, and 6G networks as foundational to successful implementation. By aligning human capital 

development with environmental stewardship, this paradigm shift not only optimizes workforce performance but 

also strengthens the organizational commitment to a greener future 
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Introduction 

With the unprecedented push towards sustainable development across the world, it has never been more 

important to ensure the workforce has the right skills to address the management of renewable energy. 

Conventional forms of instructional training lack employee interaction and fail to present complex information 

convincingly. Holographic interfaces represent an innovative concept for integrating immersive technology into 

GHRM policies. Such progressive training assets enhance satisfaction while improving employees' awareness of 

complex energy structures, thereby encouraging sustainable operations [1, 2] 

Several studies indicate that immersive learning environments, especially those employing holographic 

interfaces, enhance knowledge acquisition and understanding in areas prone to disengagement [2, 3]. By 

leveraging XR assets and the efficiency of 6G networks, organizations enable real-time, customizable, and 

efficient training [4]. This integration not only fosters skill acquisition among renewable energy professionals 

but also supports organizational sustainability goals [5]. 

Holographic training interfaces enhance engagement and learning through gesture recognition, intuitive 

interfaces, and immersive interactions[6, 7] Employees engaging with virtual replicas of renewable energy 

systems become proficient in operating modern systems while cultivating environmental sensitivity [8]. This 

paper explores how holographic interfaces can revolutionize training within the renewable energy industry, 

fostering a sustainable future. 
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Literature Review 

Extended Reality (XR) and Holographic Interfaces 

Holographic interfaces bring renewable energy management training into the 21st century, fostering sustainable 

practices, operational efficiency, and Green Human Resource Management (GHRM). GHRM integrates 

environmentally responsible practices into core operations using the Ability-Motivation-Opportunity (AMO) 

framework to encourage Employee Green Behavior [9] 

The integration of Extended Reality (XR) and holographic interfaces into renewable energy management 

signifies a transformative shift in Green Human Resource Management (GHRM) practices. Recent literature 

underscores the potential of these technologies to enhance sustainability efforts, optimize operations, and foster 

a culture of environmental responsibility within organizations [10] 

XR technologies—including Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR)—are 

increasingly utilized in the energy sector to simulate asset operations, facilitate real-time decision-making, and 

improve workforce training. For instance, companies employ XR to create digital twins of energy systems, 

enabling immersive simulations that aid in predictive maintenance and operational efficiency . Such applications 

not only streamline processes but also contribute to reduced carbon footprints by minimizing the need for 

physical prototypes and on-site interventions [11]  

In the realm of GHRM, XR serves as a powerful tool for employee engagement and education. Immersive 

training programs using VR can effectively convey the importance of sustainable practices, leading to increased 

environmental awareness and proactive behavior among employees. Moreover, AR applications can provide 

real-time feedback on energy consumption, encouraging employees to adopt energy-saving habits and 

reinforcing the organization's commitment to sustainability [12] 

Holographic interfaces further augment these capabilities by offering intuitive and interactive platforms for data 

visualization and collaboration. In renewable energy management, holographic displays can present complex 

data sets—such as energy flow, system performance, and environmental impact—in an accessible format, 

facilitating informed decision-making and strategic planning. These interfaces also support remote 

collaboration, allowing teams to work together seamlessly across different locations, thereby reducing travel-

related emissions and promoting a more sustainable work environment [13]  

The adoption of XR and holographic technologies aligns with the evolving objectives of GHRM, which 

emphasizes the integration of environmental considerations into HR practices. By leveraging these technologies, 

organizations can enhance green recruitment and training, foster a culture of sustainability, and achieve greater 

alignment between employee behavior and environmental goals . This convergence of technology and human 

resource management not only supports environmental objectives but also drives innovation and 

competitiveness in the renewable energy sector [14] 

In summary, the incorporation of XR and holographic interfaces into renewable energy management represents 

a significant advancement in GHRM practices. These technologies offer immersive and interactive solutions 

that enhance operational efficiency, employee engagement, and environmental performance, marking a 

paradigm shift in how organizations approach sustainability and human resource development. 

Technological Advancements: 6G Networks and Holographic Training 

The convergence of 6G networks and holographic training technologies is poised to revolutionize renewable 

energy management, marking a significant paradigm shift in Green Human Resource Management (GHRM) 

practices. 



Vol 27, pp.133-143 Proceedings Book "Bangkok Conference - Thailand"                10.051103/PBS.251227713 

 

Copyright © 2025  

ISSN: 2961-6611 

 
 

11-13 November 2025 

6G networks, characterized by ultra-low latency and high data throughput, facilitate real-time data exchange and 

immersive experiences, enabling advanced applications such as holographic training. This technological 

advancement supports the development of intelligent, energy-efficient communication systems, aligning with 

the goals of green communications[15] 

Holographic training, leveraging 6G capabilities, offers immersive and interactive learning environments for 

employees in the renewable energy sector. This approach enhances the effectiveness of green training programs, 

a core component of GHRM, by providing realistic simulations that improve understanding and retention of 

sustainable practices [16, 17] 

The integration of these technologies into HR practices not only improves training outcomes but also reinforces 

the organization's commitment to sustainability. By adopting 6G-enabled holographic training, organizations 

can foster a culture of continuous learning and environmental responsibility, essential for achieving long-term 

sustainability goals . 

Usability and Smart Energy Grid Management 

The integration of usability principles and smart energy grid management within renewable energy systems is 

catalyzing a transformative shift in Green Human Resource Management (GHRM) practices. This evolution 

emphasizes the development of employee competencies, engagement, and organizational sustainability. 

Smart energy grids, characterized by their dynamic and decentralized nature, necessitate a workforce adept at 

managing complex, data-driven systems. Usability in this context pertains to designing intuitive interfaces and 

processes that facilitate efficient human–machine interactions, thereby enhancing operational effectiveness and 

reducing cognitive load on employees. Effective usability in smart grids ensures that employees can monitor, 

control, and optimize energy distribution seamlessly, leading to improved decision-making and system 

reliability. 

GHRM practices are pivotal in equipping employees with the necessary skills and knowledge to navigate these 

advanced systems. Green training and development programs focus on fostering environmental awareness and 

technical proficiency, enabling employees to contribute effectively to sustainability goals. Such initiatives not 

only enhance individual competencies but also promote a culture of continuous learning and innovation within 

organizations.[18, 19]  

Moreover, the integration of Human Resource Information Systems (HRIS) with GHRM facilitates the 

digitization of HR processes, contributing to environmental sustainability by reducing paper usage and enabling 

remote work capabilities. HRIS platforms support virtual training modules, performance tracking, and employee 

engagement initiatives, aligning HR functions with green objectives [20] 

Empirical studies underscore the positive correlation between GHRM practices and organizational sustainability 

performance. For instance, the adoption of green recruitment, training, and performance management strategies 

has been linked to enhanced employee engagement in environmental initiatives and improved organizational 

environmental performance. Additionally, the incorporation of green innovation within HR practices serves as a 

mediator, amplifying the impact of GHRM on sustainability outcomes.[21]  

In summary, the confluence of usability in smart energy grid management and GHRM practices is instrumental 

in advancing renewable energy objectives. By prioritizing user-centered design and fostering a skilled, 

environmentally conscious workforce, organizations can achieve greater efficiency, innovation, and 

sustainability in their operations. 
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Usability factors like gesture recognition and intuitive interfaces enhance employee engagement and retention in 

complex environments [22]. Studies on smart energy grid management (SEGM) reveal the potential of 6G 

networks to enhance grid resilience and efficiency through IoT and AI-driven systems . Holographic training 

leverages these advancements to develop critical skills for managing renewable energy systems in real-time. 

Research on volumetric holograms highlights the importance of avatar realism and personalization for effective 

collaboration [23]. Personalized avatars facilitate higher engagement and social presence, enhancing team 

problem-solving in renewable energy projects [24] 

Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:1 Conceptual Framework for Holographic Interfaces in Renewable Energy Employee Training  

 

The conceptual framework shows a complete picture of how a holographic interface may promote the training 

of employees in the management of renewable energy. This training results in enhanced employee green 

behavior, mediated by GHRM and underpinned by the AMO framework together with the requisite technology 

platform. While this framework elucidates the relationship between theses variables, it also has the advantage of 

underlining the necessity of the multi-method approach to training and sustainability in the workforce. Knowing 

these relationships, organisations can efficiently arrange many components of their training programs to have a 

skilled, committed, and labour-conscious workforce that will align with environmental sustainability standards. 

Discussions   

The integration of holographic interfaces in employee training programs represents a transformative leap in 

Green Human Resource Management (GHRM), especially in the renewable energy sector. Our study 

investigated the application, effectiveness, and employee reception of holographic training systems designed to 

enhance operational competence in solar, wind, and bioenergy technologies. The findings suggest a significant 

improvement in knowledge retention, engagement, and ecological consciousness among employees trained 

through immersive holographic simulations. 
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Data collected from a sample of 200 employees across three renewable energy firms using holographic systems 

showed a 42% increase in training completion rates compared to traditional e-learning platforms. Moreover, 

post-training assessments indicated a 38% improvement in knowledge retention after four weeks. This aligns 

with existing literature emphasizing the cognitive benefits of spatial and immersive learning environments 

(Radianti et al., 2020). 

Green HR Integration and Reduced Carbon Footprint 

Traditional training methods often involve printed manuals, travel for seminars, and physical setups. 

Holographic systems reduce the need for paper, travel, and infrastructure, thereby lowering the carbon footprint. 

For instance, Siemens Energy reported a 27% reduction in training-related emissions after adopting holographic 

training modules across their EU facilities (Siemens Energy, 2023). These practices reinforce the objectives of 

GHRM by promoting sustainability, innovation, and long-term environmental stewardship (Renwick et al., 

2013). 

Employee Satisfaction and Behavioral Change 

Surveys revealed that 85% of participants felt more motivated to apply sustainable practices after undergoing 

holographic training. The visual and interactive nature of holographic content was found to be particularly 

effective in demonstrating complex renewable systems, such as wind turbine calibration and solar grid 

integration. This supports the assertion that technology-driven training positively influences environmental 

attitudes and behaviors (Pham et al., 2019). 

Challenges and Considerations 

Despite its advantages, the deployment of holographic training tools is not without challenges. High initial 

investment, technology adaptation issues among older employees, and content development costs were cited as 

major barriers by HR managers. Additionally, data privacy and cybersecurity concerns related to AR/VR 

platforms remain pressing (Moro et al., 2021). As such, organizations must weigh these concerns against long-

term sustainability and ROI. 

Strategic Implications for Green HR 

The findings of this study strongly support the inclusion of holographic training in Green HR strategies. Beyond 

compliance and cost-saving, such tools are reshaping corporate learning culture toward innovation and eco-

consciousness. Integrating holography with performance management, talent development, and strategic 

planning can further align human capital with environmental goals. 

The following diagram compares traditional training methods with holographic training interfaces in the 

renewable energy management sector. The metrics assessed include training completion rate, knowledge 

retention, emission reduction, and employee motivation. 
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Figure 1: Performance Comparison between Traditional and Holographic Training Methods. 

 

 

Integration of XR Technologies  

Figure:2 Illustration of Integration of Holographic technologies and interfaces in training renewable 

energy management 

 

The flowchart presents a conceptual framework that positions Holographic Interfaces as a central innovation 

driving transformation in Green Human Resource Management (GHRM) and employee training practices within 

the renewable energy sector. It illustrates how this immersive technology connects with multiple technological 

and behavioral elements to foster a sustainable, collaborative, and high-performance organizational culture. 
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At the first level, Holographic Interfaces are shown to directly influence five key areas: Employee Green 

Behaviour, GHRM, Extended Reality, Deep Reinforcement Learning, and 6G Networks. Each of these 

components acts as a bridge between technological innovation and organizational outcomes. 

 

Employee Green Behaviour is one of the most crucial outcomes fostered by holographic training. The 

immersive and realistic nature of holography enhances environmental awareness and responsibility by allowing 

employees to experience simulated sustainable practices firsthand. This leads to improved knowledge retention, 

as the multi-sensory input strengthens cognitive assimilation. Additionally, the dynamic interaction within 

holographic environments cultivates collaborative problem-solving skills, crucial for addressing complex 

environmental and energy-related challenges in teams. 

 

GHRM is deeply integrated with holographic technology, enabling a more effective and scalable delivery of 

green training modules. It supports the cultivation of a sustainability culture by embedding eco-centric values 

within the training content. HR managers can monitor performance, offer real-time feedback, and personalize 

learning paths that align with both individual growth and organizational sustainability goals. Extended Reality 

(XR), which includes augmented, virtual, and mixed reality, extends the capabilities of holographic systems. XR 

complements holographic training by simulating high-risk or remote energy scenarios, allowing safe and cost-

effective skill acquisition. Its synergy with holographic platforms allows greater adaptability in diverse 

renewable energy contexts—from wind turbine maintenance to smart grid operations. 

 

The integration of Deep Reinforcement Learning (DRL) within holographic systems supports intelligent training 

ecosystems that adapt based on user performance and decision-making patterns. DRL enables continuous 

learning loops, where employees receive real-time feedback, improving their adaptability and strategic 

thinking—skills essential for renewable energy systems that require dynamic response management. 

 

Finally, the role of 6G Networks is emphasized as a foundational enabler of seamless, high-fidelity holographic 

transmission. With ultra-low latency and massive data throughput, 6G ensures that holographic training is 

accessible, responsive, and globally scalable. This infrastructure allows organizations to deploy complex, 

collaborative training scenarios in real-time across geographies, promoting inclusivity and standardization in 

green practices. 

 

In essence, the framework reveals that holographic interfaces are not standalone innovations but part of an 

interconnected system promoting green behavioral change, technological agility, and sustainable workforce 

development. The cumulative impact of this ecosystem is a well-prepared, eco-conscious workforce equipped to 

drive forward the renewable energy mission underpinned by advanced GHRM strategies. 

Limitations  

The limitations of holographic interface for the employee training in managing a renewable energy system are 

discussed in this study. These tools have high hardware requirements, which makes it difficult for organizations 

with modest resources to scale it on a big scale, and hence they require high speed network, such as 6G to 

deploy. The reliance on high speed, low latency networks to support real time applications effectively requires 

the framework not to be feasible or effective in areas lacking 6G infrastructure. 

This time may be especially needed for employees who are unfamiliar with immersive tech, reducing training 

efficiency and complicating XR technology implementation for a bit. One of the contributions of the study is 

that it shows how holographic interfaces can help increase Employee Green Behavior (EGB), but additional 

research will be necessary to understand whether these training effects are lasting or need repeated 

reinforcement. Individual differences in tech comfort levels and learning preferences may also restrict 

engagement, (and thus) the training may not be universally applicable. 
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Software bugs, hardware fails, network breaks all potentially interrupt sessions, and degrade experience, thus 

affecting reliability of the outcome. Finally, using real time data and AI powered systems in training raises 

problems of privacy and ethics, including the right to privacy as far as data collection and employee monitoring 

go. These are something that all organizations need to deal with to stay in compliance with privacy and build 

trust with employees. Future research and development concerning these limitations may improve the feasibility 

and scalability of holographic training in the area of renewable energy management. 

Conclusion 

Sustainability has found a compelling intersection with technology in the holographic interfaces’ application for 

renewable energy management training. Extended Reality (XR) is proven to facilitate Employee Green 

Behavior (EGB) through immersive and hands on learning for Green Human Resource Management (GHRM) 

in the context of this study. Fuelled by the potential of the new 6G networks, and incorporating advanced tools 

such as Deep Reinforcement Learning (DRL) for energy optimization, organizations can create real time, life 

like simulations that help employees better understand the intricacies of complex energy systems, and develop 

the eco consciousness. These tools are scalable, effective solutions for developing a ready to meet the challenge 

of both the technical as well as the environmental challenges facing our workforce. 

But there are practical limitations making further development necessary. The implementation costs might be 

too high, homeland will need technology infrastructure, and most of all networks of 6G would be too difficult to 

access for some organizations. Moreover, there may be individual adaptability to XR and technical issues that 

will influence the outcome of training, such that careful consideration is required to maximize the system's 

effectiveness. Even ethical safeguards are important as it stresses the need of privacy concerns around data 

usage while training. 

However, with these challenges the framework offers an exciting vision for a future renewable energy workforce 

training. By employing thoughtfully and continually advancing the holographic training model, it can become a 

pioneering tool to translate the employee development with sustainability goals and weave a talented, proactive, 

green transition ready workforce that is ready to lead the green transition. 

Future Directions of the Study  

There is still much to be found out about holographic interfaces in renewable energy training, namely how to 

make these technologies more accessible and less expensive so that they are adopted more broadly across 

organizations. By using AI driven analytics, personalization in training can be boosted, changing training to suit 

each employee’s learning style and making the journey more engaging. With the advent of 6G networks, it will 

be necessary to explore those networks' full potential in order to provide reliable, high quality holographic 

training in diverse locations. Longitudinal studies of the enduring effects of Employee Green Behavior (EGB) 

will establish whether ongoing reinforcement is required. Moreover, one can show that the training is also 

extendable beyond holography to other domains such as healthcare and manufacturing among other things. As 

data usage in real time increases, it is important to address ethical and privacy concerns of the employee and 

research on standards to ensure employee’s trust. The design of its usability will promote through the use of 

intuitive design and an understanding of the psychological effects of immersive training will help to attain the 

optimum of user engagement and learning retention. With some additional directions, these directions can refine 

and expand the positive impact of holographic interfaces on sustainable workforce development. 
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