   






   
AI Challenges and Strategies for Business Process Optimization in Industry 4.0: Systematic Literature Review

Abstract
The rise of Industry 4.0 has introduced significant transformations in business operations, with Artificial Intelligence (AI) playing a central role in automating processes, enhancing decision-making, and improving efficiency. However, despite its potential, many organizations face critical challenges in implementing AI, particularly in terms of technological infrastructure readiness, workforce capabilities, and ethical considerations. This research aims to identify the challenges and propose effective strategies for AI implementation in business processes, particularly within the context of Industry 4.0. A systematic literature review (SLR) was employed to analyze peer-reviewed studies that discuss AI integration across various industrial sectors. The findings indicate that the primary challenges include the integration of AI with existing legacy systems, data privacy concerns, and employee resistance due to the perceived threat of automation. Additionally, the lack of adequate training and infrastructure investment further hampers AI adoption. In response, the research highlights strategies such as upgrading technological infrastructure, continuous employee training, and the development of clear ethical guidelines to address these challenges. The research contributes by providing a comprehensive framework for businesses to successfully navigate AI implementation, offering a novel perspective on balancing technological advancements with human resource development and ethical concerns, essential for long-term business sustainability in the digital era.
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I. INTRODUCTION
Industry 4.0 brings significant changes through the integration of digital, physical, and biological technologies, drastically transforming industrial operations. Technological advancements such as the Internet of Things (IoT) and Artificial Intelligence (AI) are the main drivers of this transformation. AI plays a crucial role in enhancing efficiency, productivity, and competitiveness by automating routine tasks, analyzing large datasets, and supporting more accurate decision-making. As a result, the application of AI in business processes is increasingly seen as essential in this digital era. Despite its numerous benefits, the implementation of AI also faces various challenges. One major obstacle is the integration of technology, which is often disrupted by legacy systems still in use by many companies. Additionally, data security has become an increasingly urgent concern as the volume of processed data grows. Equally important is the need for organizational culture change and employee adaptability to new technologies, which requires careful planning. Organizations must develop holistic strategies to ensure the smooth adaptation of employees to AI technologies.
Research shows that organizations that can overcome these challenges and successfully implement AI in their business processes can achieve increased operational efficiency and cost reduction. However, success depends on the organization's ability to identify and address emerging barriers. Therefore, this study focuses on identifying the key issues faced in AI implementation and providing guidance for organizations in preparing for disruptions in the Industry 4.0 era. Previous research has demonstrated the potential of AI in business transformation, but challenges in its implementation remain a significant impediment. (Mandych et al., 2021) emphasize the importance of business process reengineering to enhance competitiveness in the digital era, while (Nath Mishra & Kumar Pani, 2020) highlight the complexity of redesigning processes supported by advanced technologies such as AI. Furthermore, (Sharma et al., 2021) outline that a primary barrier faced by organizations in AI implementation is related to fundamental changes in business structure, from governance to daily operations. In this context, more in-depth research is needed to address technical issues, such as AI integration with existing infrastructure, as well as ethical concerns related to data use in decision-making.
However, research on AI in business processes still leaves some critical gaps. Studies as (Sharma et al., 2021) and (Bukartaite & Hooper, 2023) emphasize the technical aspects of AI without considering its social and ethical impacts. Moreover, understanding how organizations can effectively integrate AI in the complex context of digital transformation is still lacking. Research focusing on the impact of AI on the workforce is also limited, leaving an incomplete understanding of how AI will alter employee roles and responsibilities. (Sharma et al., 2021) reveal that most studies focus more on technical aspects and rarely discuss the social and ethical impacts of AI. Furthermore, (Bukartaite & Hooper, 2023) note that there has been little research explaining how organizations can effectively integrate AI into business processes holistically. Longitudinal studies are also sparse in evaluating the long-term impact of AI on the workforce. (Pan & Froese, 2023) further highlight the limited understanding of how AI can change employee roles within organizations, which is rarely discussed in the literature. Therefore, this study seeks to fill these gaps by exploring the technical and social challenges of AI implementation in business processes, particularly in the Industry 4.0 era.
To address these gaps, a multidisciplinary approach is needed that combines technical perspectives with social and ethical studies. Research involving various disciplines can provide deeper insights into the challenges faced in AI implementation. Additionally, practical models that integrate AI into existing business processes need to be developed, accompanied by guidelines for organizations to adjust infrastructure, train employees, and leverage data for AI-based decision-making. Longitudinal research is also essential to assess the long-term impact of AI on the workforce and organizations. Lastly, enhancing training and education programs focusing on AI skills and digital technologies is necessary for employees to adapt efficiently to these technological changes.
This study, conducted as a systematic literature review, aims to explore various issues related to the implementation of AI in business processes amid the transition towards the Industry 4.0 era. The primary focus of this research is to identify the technical and ethical challenges faced by organizations when integrating AI, especially concerning data privacy and its impact on the workforce. Furthermore, this study aims to evaluate the impact of AI implementation on operational efficiency and decision-making across various industry sectors. However, challenges such as difficulties in integration with existing technological infrastructure, lack of skills and knowledge among the workforce, and concerns about data privacy and algorithmic bias must be addressed. Clear ethical policies are required to ensure the responsible use of AI. While AI may replace some job types, this study also identifies opportunities to create new roles that are more focused on analysis and strategic decision-making.
II. LITERATURE REVIEW
A. Business Processes and Business Process Management
According to (Klimecka-Tatar, 2021), a business process is a series of interconnected activities aimed at producing valuable products or services for customers. This process encompasses all stages, from development to product delivery. (Mc Loughlin et al., 2023) further add that business processes consist of structured and organized tasks, involving various stakeholders and governed by formal policies and procedures. In the context of management, (Fu et al., 2022) explain that business process management focuses on the design, execution, monitoring, and control of processes to enhance an organization’s efficiency and effectiveness in meeting customer needs. (Gunasekaran, 2021) classifies business processes into three main categories: core processes, supporting processes, and managerial processes. Core processes include activities directly related to the development of products or services, such as research, production, and distribution. Supporting processes involve activities such as human resource management, accounting, and information systems that facilitate the smooth operation of core processes. Meanwhile, managerial processes are responsible for planning, organizing, leading, and controlling all organizational activities.
In the era of globalization, organizations must manage business processes from an international perspective. Operating in global markets requires a deep understanding of cultural differences, regulations, and market dynamics. By implementing best practices in international process management, organizations can leverage new opportunities and enhance their competitiveness. (Wijaya, 2021) emphasizes the importance of sound risk management and strategic adjustments to ensure success in global markets. Organizations must consider various risks that may impact processes, such as regulatory changes, supply chain disruptions, or technological issues. According to (Wijaya, 2021), comprehensive risk analysis enables the formulation of effective mitigation strategies to ensure smooth operations. Effective business processes also require a results-oriented approach. Organizations need to set clear and measurable goals for each process. Setting concrete targets allows teams to focus on achieving desired outcomes while minimizing deviations. Regular evaluations of these achievements help organizations adjust strategies and improve processes in the future.
B. Artificial Intelligence
According to (Sarker, 2022), AI is a branch of computer science that focuses on developing systems and technologies to perform tasks that usually require human intelligence. (Gonzalez, 2023) argues that AI can mimic human cognitive processes, such as learning, reasoning, and decision-making. (Korteling et al., 2021) add that AI enables machines to understand and process information and adapt based on experience, allowing AI to evolve through learning rather than just following rigid programming. (Sarker, 2021) explains that AI encompasses methods such as machine learning and deep learning, which enable systems to recognize patterns and make predictions based on existing data. AI technology has immense potential for application in various sectors, including healthcare and transportation, significantly altering how humans interact with technology.
While AI offers many benefits, its development also poses significant ethical and privacy challenges. The use of large datasets to train AI models raises concerns about how data is collected, used, and protected. AI also impacts human interaction with technology, potentially enhancing user experiences and simplifying daily activities. In the industrial sector, AI has brought significant changes in operational efficiency. (Babatunde Adeyeri, 2024) explains that AI-driven automation not only reduces operational costs but also contributes to increased productivity. For example, in manufacturing, AI-equipped robots can complete repetitive tasks faster and more accurately than humans, thus improving production efficiency. Additionally, AI plays a role in addressing sustainability issues, particularly in tackling global challenges such as climate change. This technology aids in better management of natural resources and enables predictions of natural disasters, providing accurate information for swift and effective responses. Although concerns exist that AI might diminish the human role in creative work, (Ranga et al., 2024) suggests that many view AI as a collaborative tool that can enrich the creative process.
C. Data Mining
According to (Wu et al., 2021), data mining is the process of discovering patterns and valuable information from large datasets. This process involves various techniques, such as classification, association, and clustering, to extract useful information. Moreover, the primary focus of data mining is not only limited to data analysis but also includes the creation of predictive models that support more accurate decision-making. According to (Mach-Król & Hadasik, 2021), data mining can be used as an essential analytical tool to identify hidden insights and patterns that organizations can leverage to enhance their business strategies. (Zhao & Keikhosrokiani, 2022) explain that in the business world, data mining is often used to understand consumer behavior, predict sales, and develop more effective marketing strategies. By analyzing historical data, companies can identify useful patterns for better future planning and overall business growth.
In its application, data mining involves a critical stage known as data preprocessing, which includes data cleaning and transformation before analysis is conducted. However, this preprocessing stage is often neglected, resulting in unstructured and problematic data. According to (Elouataoui et al., 2023), unstructured or problematic data can lead to incorrect conclusions, making this step crucial. The preprocessing stage involves removing missing values, handling duplicate data, and adjusting data formats to match the algorithms used. Furthermore, (Qian, 2021) explains that the data mining process itself combines various statistical, mathematical, and machine learning algorithms to achieve optimal results. The ability to extract insights from big data makes it highly relevant across various sectors, including business, healthcare, and finance. (Cuevas-Vargas et al., 2021) predict that with technological advancements and the increasing volume of data, the role of data mining in data-driven decision-making will become increasingly critical in the future.
III. RESEARCH METHOD
This study employs a qualitative design with a Systematic Literature Review (SLR) approach. This design aims to identify and analyze findings from various relevant literature related to the implementation of AI in business processes, the challenges faced by organizations, and its impact on efficiency and innovation. SLR was chosen because it allows researchers to comprehensively synthesize existing research results, providing a holistic overview of the topic under study. The research begins with the formulation of research questions. The main questions focus on how AI is integrated into business processes, the challenges organizations face, and AI's contribution to operational efficiency and innovation. These questions serve as the foundation guiding the entire process of searching and screening the literature. After formulating the research questions, a literature search relevant to the research topic was conducted. This search utilized various academic databases, such as Google Scholar, Scopus, and IEEE Xplore, focusing on technology, business, and artificial intelligence. Keywords used included "Artificial Intelligence," "AI in business," "Industry 4.0," and "business process automation." The identified literature was then filtered based on quality and relevance to the discussed topic.
The next process involves screening and selecting studies. Once the relevant literature was gathered, a screening process was conducted to select studies based on predetermined inclusion and exclusion criteria, which are summarized in Table 1. The screening was conducted in two stages. First, an initial screening was performed based on the title and abstract to determine whether the study was relevant to the research topic. Second, studies that passed the initial screening were further evaluated based on the full text, research methodology, and publication quality. After the studies were selected, the next stage was data extraction. Extracted data included information such as authors, year of publication, methodology used, research findings, and insights related to AI implementation in business processes. This data was then organized into a matrix format to facilitate a more in-depth analysis. This research does not involve a population or sample in the form of human subjects but uses secondary data from various relevant studies. The analyzed studies consist of peer-reviewed research and case studies discussing AI implementation across various industrial sectors.
Table 1: Inclusion and Exclusion Criteria for Literature Selection
	Criteria
	Inclusion
	Exclusion

	Study Type
	Peer-reviewed journal articles and case studies
	Non-peer-reviewed sources (e.g., blogs, opinion pieces)

	Publication Year
	Studies published between 2015 and 2024
	Studies published before 2015

	Language
	English
	Studies published in languages other than English

	Focus Area
	AI implementation in business processes
	Studies not related to AI or business processes

	Context
	Focus on Industry 4.0, operational efficiency, and innovation
	Studies without a focus on Industry 4.0 or operational improvements

	Data Availability
	Studies providing empirical data or analysis
	Studies lacking clear data or methodology


The primary tool for data collection was academic databases used to identify relevant literature. Through this approach, the literature most aligned with the research objectives was successfully identified. For data analysis, this study employs thematic analysis and literature synthesis. The thematic analysis aims to identify key themes emerging from the reviewed literature. These themes encompass critical elements in AI implementation, challenges faced by organizations, and the impact of AI on business efficiency and innovation. Literature synthesis is used to integrate findings from various studies, resulting in more comprehensive and in-depth conclusions. Overall, the research methodology used in this study adheres to rigorous scientific standards, focusing on systematic literature review. The study employs a structured approach in selecting and screening high-quality literature and uses appropriate analytical techniques to provide an in-depth understanding of AI implementation across various industrial sectors.
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IV. RESULT
A. Issues in the Implementation of AI in Business Processes: Infrastructure Readiness and Human Resources
In this study, the primary issues in the implementation of AI in business processes, particularly infrastructure readiness and human resources, are examined through a systematic literature review. To provide clarity and transparency regarding the sources of information, Table 2 presents the selected articles used in this review, including key details such as the authors, year of publication, publisher, research aims, and main results.
Table 2: Selected Articles Used in the Review
	Authors
	Year of Publication
	Publisher
	Research Aims
	Main Results

	Tschang & Almirall
	2021
	Academy of Management Perspectives
	Investigate the impact of AI on employment and workforce readiness
	Identified the digital skills gap as a major challenge in AI implementation; suggests workforce retraining.

	Babatunde Adeyeri
	2024
	International Journal of Scientific Research and Management
	Explore the economic impact of AI-driven automation in financial services
	Found that AI-driven automation reduces operational costs but requires significant investment in infrastructure.

	Mandych et al.
	2021
	Technology Audit and Production Reserves
	Provide recommendations for AI adoption in business process reengineering
	Highlighted the need for updated infrastructure and workforce training to ensure successful AI implementation.

	Chandratreya
	2024
	International Journal of Scientific Research in Engineering and Management
	Analyze AI's role in HR and workforce development
	Concluded that employee resistance and lack of technical skills are significant barriers to AI adoption.

	Elouataoui et al.
	2023
	Data Journal
	Examine data quality issues in AI implementation
	Emphasized the importance of data integrity and the challenges of ensuring accurate data for AI processes.

	Sharma et al.
	2021
	Government Information Quarterly
	Discuss the challenges of AI adoption in public manufacturing sectors
	Identified both infrastructure and human resource readiness as critical factors for AI success in manufacturing.


One of the main obstacles to the adoption of AI in the business world is the lack of adequate technological infrastructure. AI implementation requires a reliable and stable network, large data storage capacity, and access to advanced hardware and software. A company's inability to provide the necessary infrastructure can be a significant barrier to fully harnessing AI's potential. Without adequate infrastructure support, AI cannot effectively enhance productivity and efficiency in business processes. Therefore, companies need to conduct a thorough evaluation of infrastructure investments before deciding to implement AI. In addition to infrastructure readiness, human resources (HR) also pose a significant challenge in AI implementation. AI deployment requires not only strong technical skills from employees but also a deep understanding of effective AI applications in a business context. Many companies may lack sufficiently skilled personnel to manage AI systems efficiently, necessitating reliance on training and HR development to address existing competency gaps. If the workforce is not equipped with the necessary knowledge and skills, AI implementation may fail to achieve optimal results.
Research by (Tschang & Almirall, 2021) indicate that the successful implementation of AI in an industry heavily depends on technological advancement and the enhancement of workforce competencies. However, the digital skills gap often presents a challenge that is difficult to overcome. Therefore, companies need to allocate resources for training and development programs to ensure employees keep pace with technological advancements, particularly in AI management and application. Beyond infrastructure and human resources, ethical and security considerations are also crucial in the implementation of AI in the business sector. The infrastructure supporting AI use must be equipped with robust security protocols to protect the sensitive data utilized in AI algorithms. Without adequate security measures, the risk of data breaches and cyberattacks will increase. Companies must take these risks seriously and ensure that AI systems are well-protected.
Employees involved in AI implementation also need to understand the ethical implications of this technology. One of the main risks of AI use is the potential for bias in algorithms, which can lead to non-objective decisions. This can result in unfairness in various business processes, including recruitment and performance evaluation. Therefore, employees need to be trained to recognize these biases and ensure that AI is used fairly and transparently. According to (Chandratreya, 2024), infrastructure and HR readiness are not only related to technical capabilities but also encompass an understanding of ethical responsibilities and security in AI applications. In an increasingly data-driven era, maintaining integrity and security is a vital aspect of AI operations. Awareness of ethical and security risks can help companies create a safer and more equitable work environment when leveraging AI.
Companies seeking to adopt AI comprehensively must ensure that they address not only infrastructure challenges but also provide adequate attention to HR training and ethical risk management. Without sufficient attention to these three aspects, AI implementation may be half-hearted and fail to deliver optimal benefits to the company. By integrating strong infrastructure, well-trained human resources, and robust ethical and security principles, AI can have a significant positive impact on business operations. Therefore, companies must formulate a comprehensive strategy that includes enhancing infrastructure, developing human resources, and implementing strict ethical standards in AI use. Investment in these three areas is critical to ensuring that AI implementation yields not only short-term gains but also sustainable and responsible long-term benefits.
B. Ethical Challenges
The implementation of AI in the business sector has brought significant changes to the way organizations operate. However, the use of this technology also presents several ethical challenges that must be addressed. One of the primary challenges is the need for transparency in the decision-making processes of AI systems. According to (Gryz & Rojszczak, 2021), many AI algorithms function as "black boxes," making the decision-making process difficult to understand, even for their developers. This situation raises accountability issues, especially when the decisions made negatively impact individuals or specific groups. Consequently, concerns arise regarding the fairness of using this technology. Another critical issue is bias in training data. If the data used to train AI models contains biases, the outcomes produced by the system are likely to reflect those biases. For example, a recruitment algorithm trained on historically biased data could discriminate against certain groups, exacerbating social inequities. According (O’Neil, 2022), organizations must routinely conduct ethical audits of their algorithms to ensure that the technology does not cause adverse effects.
In addition to issues of transparency and bias, data privacy is also a major concern in AI implementation. The collection and analysis of personal data to enhance services can risk violating individuals' privacy rights. The more data that is collected, the higher the risk of information misuse, which in turn can erode consumer trust in the company. Therefore, organizations must find a balance between technological innovation and the protection of individual rights, while ensuring compliance with privacy regulations such as the General Data Protection Regulation GDPR in Europe. To address these challenges, companies need to formulate clear and comprehensive ethical policies. These policies should include specific guidelines on the use of AI, including how to handle issues such as bias, privacy, and transparency. Without clear guidance, AI implementation risks generating serious ethical issues that can not only damage the company's reputation but also have broader social consequences.
Employee education is a crucial component in addressing these ethical challenges. Organizations must provide adequate training on ethical responsibilities in AI usage. With a better understanding of the ethical implications of this technology, employees will be more capable of making responsible decisions and considering the impact of their actions. Additionally, companies should establish special teams or committees tasked with overseeing AI implementation and ensuring that practices align with ethical standards. These teams can conduct regular evaluations of algorithms and offer recommendations to enhance fairness and accountability. To ensure more objective and transparent implementation, involving third parties in ethical audits can be an effective solution. By engaging independent experts, companies can gain a more comprehensive perspective on how AI systems operate and their impact on society. Overall, addressing ethical challenges in AI implementation requires a thorough and proactive approach. Companies must formulate clear ethical policies, provide adequate employee training, engage stakeholders, and conduct routine audits. These measures will help organizations minimize risks while ensuring that AI implementation delivers sustainable positive benefits for all involved parties.
C. Benefits of Implementing AI in Business Processes
The implementation AI in the business sector offers numerous significant benefits. This technology can analyze large-scale data quickly, enabling companies to gain deep insights into market trends and consumer behavior. This accelerates decision-making processes, which is crucial in the rapidly changing business environment. By leveraging AI, managers can easily identify patterns and anomalies in data in real-time, allowing them to make decisions based on the most relevant and accurate information while minimizing the risk of errors. Beyond decision-making, AI plays a crucial role in enhancing operational efficiency. Automating routine tasks, such as data processing and inventory management, enables companies to save time and costs. It also allows employees to focus more on strategic and high-value tasks. Consequently, AI not only boosts productivity but also opens opportunities for employees to actively engage in developing innovations.
AI also significantly contributes to enhancing customer experience. With its ability to analyze data in-depth, companies can better understand their customers' unique needs, allowing them to offer more targeted products and services. For instance, (Liladhar Rane et al., 2023) personalized recommendation systems can increase customer satisfaction and build loyalty, ultimately positively impacting revenue growth. In terms of risk management, AI can predict problems and potential losses, enabling companies to take appropriate preventive measures. Through predictive analytics, companies can reduce the likelihood of financial losses and make more informed decisions. Additionally, AI fosters innovation in product and service development. By analyzing feedback and trends from customers, companies can create new solutions that are more relevant and aligned with the continuously changing market needs. AI also facilitates collaboration between teams by providing tools that enable efficient information exchange and data analysis, thereby accelerating the process of developing products and innovative solutions.
Accuracy in data processing is a critical aspect. AI can reduce human errors in data entry and analysis, resulting in more accurate and reliable information. With this high level of accuracy, organizations can make better decisions based on valid data. The competitive advantage gained from AI implementation is significant. Companies that leverage this technology can operate faster and more efficiently than their competitors, allowing them to optimize operations and maintain a strong position in an increasingly competitive market. However, alongside these various benefits, companies must remain vigilant regarding the ethical and operational challenges that may arise. Issues such as privacy, data bias, and transparency in AI use are challenges that must be carefully managed. With a responsible and prudent approach, AI's vast potential can be optimized to support long-term success. Overall, the implementation of AI in business opens wide opportunities to enhance performance and innovation. By leveraging this technology wisely, companies can build a solid foundation for future growth and success.
D. Impact of AI Implementation on Company Organizational Structure
The implementation of AI in the business world has brought significant changes to organizational structures. One of the main impacts is the transformation of how teams collaborate and work together. With the automation of various routine tasks, employees now have more time to focus on activities that require creativity and critical thinking, fostering more innovative and collaborative teams. Moreover, the use of AI also influences the hierarchical structure of organizations. AI support in data-driven decision-making allows companies to reduce reliance on traditional hierarchical structures. This results in faster decision-making that is more responsive to market changes, enhancing operational efficiency and ultimately driving the adoption of flatter and more flexible organizational structures. These changes also affect the roles and responsibilities of employees. Many manual tasks that previously required human intervention can now be automated, reducing the need for labor in certain areas. However, this shift also creates new demands for technical and analytical skills. Employees are expected to continuously learn and adapt to rapid technological advancements. Therefore, upskilling and training have become top priorities to ensure that the workforce remains relevant and capable of meeting the ongoing changes.
In management, AI provides sophisticated analytical tools to assist leaders in decision-making. With access to more accurate data and predictive analysis capabilities, managers can better formulate business strategies. This not only enhances the precision of decisions but also strengthens managerial positions through the support of more comprehensive and in-depth information. Furthermore, AI significantly changes human-technology interactions. Many companies now use chatbots and virtual assistants to enhance customer experiences. These technologies speed up responses to customer inquiries while reducing the workload of customer service teams. Consequently, employees can focus more on complex, high-value tasks, ultimately improving service quality and operational efficiency. However, the implementation of AI also presents challenges, particularly regarding ethics and privacy (Shaw et al., 2019; Zhang et al., 2021). With the increasing amount of data being collected and analyzed, companies must safeguard customer privacy and comply with relevant regulations. This requires organizations to review internal policies and procedures to protect sensitive data. Additionally, the adoption of AI can create skill gaps among employees. Those without the necessary technical skills may feel left behind. Therefore, companies need to invest in training and development programs to ensure that employees possess the skills required to adapt to technological changes.
In product development, AI enables companies to better understand consumer preferences and behaviors. Through deep data analysis, companies can design products that align more closely with market needs. This creates a continuous feedback loop between customers and companies, which, in turn, enhances innovation and customer satisfaction. Moreover, the integration of AI-based systems within organizations supports cross-departmental collaboration by enabling real-time data sharing. Communication between teams becomes more seamless, fostering more efficient cross-functional collaboration and speeding up responses to market changes. The implementation of AI in organizations creates a more responsive and adaptive work environment. Companies that successfully implement AI focus not only on technological aspects but also on cultivating a culture that promotes innovation, collaboration, and continuous learning. With the right approach, AI can be a key factor in achieving competitive advantage in an increasingly complex and dynamic market.
E. Challenges and Solutions in AI Implementation
The application of AI in the business world faces several significant challenges, particularly regarding technology integration and human resource readiness. One of the primary obstacles in technology integration is the existing infrastructure, which often is not designed to support advanced AI systems. A clear example of this challenge can be seen in the traditional manufacturing industry. Many factories still rely on outdated technology and closed systems, making it difficult to adopt AI for automation, where integration obstacles become apparent. For instance, General Motors encountered difficulties in implementing AI in its supply chain due to legacy systems that were incompatible with the latest AI technologies. As a result, their digital transformation project was delayed until the company made substantial investments to upgrade its technology infrastructure. To address these integration challenges, companies need to develop a clear digital transformation roadmap that includes an assessment of the current infrastructure and plans for gradual upgrades. Adopting cloud-based technology can be a practical solution, reducing the need for large upfront investments. By utilizing cloud-based AI platforms, companies can access advanced technology without having to completely overhaul existing systems. An example of the success of this strategy is Walmart, which uses cloud-based AI for predictive analytics and more efficient inventory management.
On the other hand, HR readiness is an equally important challenge. The use of AI not only requires high technical skills from employees but also the ability to understand how this technology can be effectively applied in daily business processes. In the banking industry, for instance, many employees feel anxious about their roles when AI is adopted for automating routine tasks such as credit analysis or risk management. JPMorgan Chase, for example, launched an AI system called COIN that can process contracts automatically (Ilma et al., 2023). However, during the early stages, the company faced internal resistance from employees worried about job losses. To overcome this issue, companies must focus on continuous skill development and training for their workforce. One approach that can be taken is to create internal training programs specifically designed for the use of AI and digital technology. These training programs should not only focus on technical aspects but also on how AI can be leveraged to enhance efficiency and innovation in business processes. Siemens, for example, successfully carried out a digital transformation by implementing comprehensive training programs for all levels of employees, from executives to field staff, enabling them to understand and adapt to technological changes.
Furthermore, the limitation of digital skills among the workforce can be addressed by utilizing external training programs through partnerships with educational institutions or online training platforms. Companies such as Microsoft and IBM have launched global initiatives offering AI skills training for employees and businesses through programs like Microsoft AI Business School and IBM Skills Academy. Through this approach, companies can ensure that their workforce has the necessary competencies to meet future technological challenges. In addition to challenges related to technology integration and human resource training, data privacy issues and algorithmic bias are also major concerns in AI implementation. The use of large-scale data increases the risk of privacy breaches and misuse of information, especially in industries like banking and healthcare, which handle sensitive data. For example, in 2018, Amazon discontinued its AI-based recruitment system after it was discovered that the algorithm had a gender bias in selecting candidates. This case highlights the importance of formulating clear ethical policies in the use of AI.
To address these challenges, companies must ensure that the AI algorithms used are transparent and auditable. One solution is to conduct regular audits of the AI systems in use, as well as involve multidisciplinary teams to evaluate potential biases in the data. In the financial sector, for instance, Mastercard has successfully implemented this policy by forming a dedicated team responsible for ensuring transparency and accountability in the use of AI across various company applications. By implementing these solutions, companies can not only overcome the technical and social challenges that arise in AI implementation but also build a strong foundation for long-term innovation. Successful transformation through AI requires significant investment, both in technology and in human capacity development. However, with the right strategy, the benefits of AI-based automation can be realized, and companies will be well-prepared to compete in the era of Industry 4.0.
F. AI-Based Business Processes in Industry 4.0
Table 3 provides a comprehensive overview of the application of AI in business processes, covering various key aspects, challenges encountered, and potential solutions aligned with the needs of Industry 4.0.
Table 3. AI-Based Business Processes, Associated Challenges, and Potential Solutions Relevant to Industry 4.0
	Aspect
	Description
	Challenges Encountered
	Potential Solutions

	AI-Based Process Automation
	The use of AI-based systems to automate a range of tasks, from simple to complex.
	High initial implementation costs, resistance from the workforce, and lack of technical skills (Sharma et al., 2021; Chandratreya, 2024).
	Investing in training programs and utilizing cloud-based AI services to reduce cost barriers (Babatunde Adeyeri, 2024; Mandych et al., 2021).

	Data-Driven Decision Making
	Leveraging AI for predictive analytics and data-driven decision-making
	Data privacy issues, inadequate data quality, and difficulties integrating with existing systems (Elouataoui et al., 2023; O’Neil, 2022).
	Adopting strict data privacy policies and establishing an effective data governance framework (Gryz & Rojszczak, 2021; Fu et al., 2022).

	Human-AI Collaboration
	Integration of AI to enhance decision-making processes in customer service and management.
	Risk of over-reliance on AI systems, potentially reducing the human role in critical decisions (Tschang & Almirall, 2021).
	Implementing a “human-in-the-loop” approach to balance automation with human intervention (Tschang & Almirall, 2021; Sharma & S. A. Sharma, 2020).


Table 3 illustrates the various challenges related to AI implementation in business processes, particularly within the evolving context of Industry 4.0. Each aspect, such as process automation, data-driven decision-making, and human-AI collaboration, is presented along with its associated challenges, including high initial costs, workforce resistance, and a lack of technical skills. On the other hand, the suggested solutions include increased investment in training, the use of cloud-based services, and the development of stricter data protection policies. A deeper understanding of these challenges will enable companies to optimize AI adoption to enhance operational efficiency and drive innovation. Implementing the right strategies will help companies maximize AI's potential to create added value across various business aspects and strengthen their competitiveness in facing the dynamic changes of the Industry 4.0 era.
V. DISCUSSION
The findings of this research demonstrate that the implementation of AI in business processes during the Industry 4.0 era holds significant potential for enhancing operational efficiency, productivity, and the quality of customer experience. These findings align with previous research conducted by (Qian, 2021), which emphasizes that automation through AI can reduce operational time and costs, as well as improve accuracy in decision-making. However, this study also identifies challenges faced by companies, particularly regarding the readiness of technological infrastructure and human resources—issues that have been less explored in prior studies. One of the key findings of this research is that many companies, especially small and medium-sized enterprises, still struggle with initial investment and technology integration. This is consistent with the findings of (Cuevas-Vargas et al., 2021), who indicated that these companies often lack sufficient resources to adopt new technologies. The study highlights the need for a comprehensive strategy to address these challenges, including adequate employee training and an evaluation of existing infrastructure.
Additionally, the ethical and data privacy issues raised in this research reflect concerns highlighted by (Elouataoui et al., 2023), who stressed the importance of transparency in AI algorithms to avoid bias in decision-making. This study introduces a new dimension by suggesting that if these issues are not properly addressed, they could exacerbate social inequities in business contexts. From the perspective of previous research, there is a significant knowledge gap concerning employee responses to digital transformation. This study finds that employee perceptions of training and the adaptation to new technologies significantly influence the success of AI implementation. This underscores the need for further studies to understand how employees can be involved in the digital transformation process, a topic that has not been widely discussed in the existing literature. Overall, the findings of this research make a valuable contribution to the understanding of AI implementation in business contexts, as well as the challenges encountered. By identifying and discussing these issues, this study not only enriches the existing literature but also provides practical recommendations for companies seeking to adopt AI effectively.
VI. CONCLUSION AND RECOMMENDATION
This study demonstrates that the implementation of AI in business processes during the Industry 4.0 era holds significant potential to enhance operational efficiency, productivity, and the quality of customer experience. Through the automation of various routine tasks, AI supports faster and more accurate decision-making and provides more personalized services. However, the adoption of this technology is not without challenges. Key obstacles include technological infrastructure readiness, the need for adequate training for human resources, and ethical issues that require careful consideration. Many companies, particularly small and medium-sized enterprises, still face difficulties related to initial investment, integration of technology with existing systems, and workforce adaptation to the changes brought by AI. Additionally, there are critical issues related to data privacy and potential biases within algorithms that, if not properly addressed, could exacerbate social injustices in business decision-making. These findings emphasize the need for a comprehensive strategy in AI adoption. This includes enhancing technological infrastructure, developing employee competencies through training, and implementing strict ethical standards. Organizations that can implement AI while addressing these aspects are likely to achieve significant competitive advantages. For instance, in the manufacturing sector, AI can be used to predict potential machine failures, thereby reducing production downtime and maintenance costs. Meanwhile, in the logistics sector, AI plays a role in optimizing distribution routes, which not only lowers operational costs but also supports environmental sustainability initiatives by reducing carbon emissions.
For future research, several key aspects should be the primary focus. First, a more in-depth comparative analysis of operational efficiency before and after AI implementation is necessary, particularly to identify sectors or types of business processes most affected by this technological integration. Second, empirical studies are needed to explore how employees respond to digital transformation, including their perceptions of training, adaptation to new technologies, and the impact of these changes on their roles and responsibilities within the organization. Third, case studies in specific sectors that have successfully implemented AI, such as manufacturing, healthcare, or finance, can provide better insights into the factors driving success, the challenges encountered, and the outcomes achieved. Fourth, it is crucial to investigate how companies maintain compliance with ethical and regulatory aspects when using AI, especially concerning data privacy and transparency in decision-making. Lastly, research on the role of AI in driving product and service innovation, by examining processes improved or innovations emerging due to AI implementation, also deserves attention. With these approaches, future research can provide deeper contributions to understanding and applying AI in a broader business context. This is expected to support sustainable digital transformation in the Industry 4.0 era, enabling companies to optimally leverage this technology to achieve long-term growth and success.
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