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In a world where renewable energy solutions are in high demand, solar photovoltaic (PV) systems are at the forefront, emphasizing the need for efficient and eco-friendly logistics. This coincides with the rise of blockchain technology as a game-changer in PV system management. Additionally, cloud computing is playing a pivotal role in transforming the IT landscape, providing seamless access to shared computing resources via the Internet. This research introduces a novel framework that utilizes cloud computing to enhance blockchain-based PV logistics. It employs a sophisticated mathematical model to optimize logistics components such as transportation, storage, inventory management, and supply chain coordination, with the goal of minimizing costs and improving overall efficiency. At the heart of this transformative paradigm lies a visionary cloud-based system, endowing PV logistic planners with the power of real-time access to mission-critical data. This infusion of data-driven decision-making capabilities fosters a seamless symphony of communication and enriches collaboration among stakeholders, setting the stage for monumental shifts in efficiency and management, ushering in a new era of sustainability and scalability within the photovoltaic industry. This technological synergy is not just about immediate gains. It is a testament to our commitment to improved energy sustainability and a testament to our shared vision of a greener future. In lockstep with the global pursuit of renewable energy solutions, this research lights the way toward a brighter, more sustainable tomorrow.
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1 INTRODUCTION
Cloud Computing (CP) represents an architectural and economic model that harnesses the potential of information technology and its infrastructures. Concurrently, the widespread adoption of “on-demand” practices in supply chain software has spurred a surge in demand for web-based approaches among logistics experts (Abduaziz et al., 2015). This has led to the emergence of CP, facilitating the sharing and accessibility of software and information on the web for users. Notably, this innovative approach offers distinct advantages, including reduced implementation time, lowered investments, and optimized resource utilization in business administration (Hajipour and Rahbarjou, 2019).
Although the concept of CP was initially defined when its application scope was limited (Nettsträter et al.), current projections suggest a promising trajectory for the future of cloud computing. As management services and resource provisioning become increasingly prevalent in forthcoming systems, the Cloud approach is poised for continued growth (Nettsträter et al.). This expansion holds the potential to revolutionize logistic systems and supply chains, enabling efficient, flexible, and real-time solutions to tackle the complexities of photovoltaic (PV) logistic planning and optimization.
Despite the awareness of the capabilities and importance of Cloud Computing (CP), many companies and organizations have shown reluctance in adopting this transformative technology. One contributing factor to this hesitancy is their apprehension about the potential changes that may arise in the realm of the Internet of Things (IoT) and overall operations in the near future (Molano et al., 2022). Consequently, fostering a deeper understanding of information technology’s evolving landscape and its business applications becomes imperative for managers and researchers, especially those in the marine sector.
As industries across the globe undergo rapid digital transformation, the adoption of CP presents an opportunity for organizations to streamline operations, optimize resource utilization, and enhance overall efficiency. However, it is understandable that the uncertainty surrounding technological advancements, particularly in the IoT domain, may deter decision-makers from fully embracing this cutting-edge solution.
To bridge this knowledge gap and facilitate informed decision-making, further exploration into the potential synergies between CP and IoT is vital. By conducting comprehensive studies and diligently monitoring developments in the information technology sector, managers and researchers can gain valuable insights into the evolving landscape and identify opportunities for strategic integration. Emphasizing the significance of this endeavor is crucial, particularly for maritime industry leaders, as CP’s application in the marine sector has the potential to revolutionize logistics, improve supply chain management, and optimize fleet operations (Jia et al., 2019).
In the dynamic landscape of renewable energy, the efficient management of photovoltaic (PV) logistic systems plays a pivotal role in connecting producers and distributors to customers while minimizing costs and optimizing supply chains. The primary goal of logistics is to create time and place advantages for goods, thus creating a competitive edge for organizations by increasing productivity and reducing overall logistics costs. To achieve these objectives, various logistics theories and methods, including lean logistics, outsourcing, virtual logistics, reverse logistics, integrated logistics, and supply chain management, are employed, with a particular emphasis on logistics problem-solving (Jian and Weng, 2020).
The significance of the logistics sector is underscored by its potential to yield substantial cost reductions for countries’ gross national products, with some nations having witnessed cost reductions equivalent to 5% of their GDP through the development and practical application of logistics science in supply chain management (Kreft et al., 2021). In this context, investments in logistics have become instrumental in promoting sustainable economic growth and fostering a competitive advantage in the global energy market.
To address the intricate challenges of PV logistics, businesses can rely on logistics management software, which empowers them to make optimal transportation decisions while safeguarding capital and avoiding unnecessary expenditures. Moreover, such software offers streamlined processes, including automated selection, printing of shipping labels, recording transactions, managing inventory, and arranging pickup trucks, facilitating seamless tracking of goods throughout the supply chain (Jian and Weng, 2020).
This research focuses on the integration of cloud computing with blockchain-based PV logistic systems to enhance efficiency, real-time tracking, and decision-making capabilities. Cloud-based technologies are leveraged to provide a novel framework that enables seamless collaboration among stakeholders, supply chain coordination improvements, and optimization of PV logistic operations. The transformative potential of cloud-based solutions in cost reduction, productivity enhancement, and fostering a more sustainable and competitive photovoltaic industry is aimed to be demonstrated through the formulation of a mathematical model. A greener future is envisioned, where logistics are seamlessly aligned with renewable energy objectives, ultimately contributing to global efforts in mitigating climate change and advancing towards a more sustainable energy ecosystem. Accordingly, our research questions can be summarized as follows:
• What mathematical models and optimization techniques can be applied within the cloud-based system to minimize costs and improve the efficiency of PV logistic operations?
• How does real-time access to critical data through cloud-based solutions influence decision-making and collaboration among stakeholders in the PV industry?
• How does the proposed technological synergy contribute to the overall sustainability and scalability of the photovoltaic industry?
• What implications does this research have for the broader adoption of renewable energy solutions and the global pursuit of sustainability goals?
The rest of the paper is organized as follows. Section 2 provides the research background. The methodology is presented in Section 3. The implementation results and discussion are provided in Section 4 and Section 5, respectively. Finally, the paper is concluded in Section 6.
2 RESEARCH BACKGROUND
The concept of cloud computing dates back to the era of large computers in 1960, when MIT scientists proposed the idea of utility computing. These features include elastic procurement, onlineness, and the illusion of access to unlimited supply, along with comparisons with the electricity industry and public, private, government, and community forms of consumption (Chow et al., 2007; Kreft et al., 2021).
The word “cloud” is derived from technology in telecommunication companies. By switching traffic to balance productivity, companies were able to use network bandwidth much more efficiently. The cloud was used to indicate a point between the service provider’s responsibilities and the user’s duties (Daniluk and Holtkamp, 2015).
The first scientific use of the term cloud computing was in an article in 1997. In 2006, Amazon launched a new product to provide cloud computing to foreign customers and launched its system through a web service based on utility computing. Amazon played a key role in the development of cloud computing through the modernization of data centers (David et al., 2015).
In 2007, Google, IBM, and a number of universities started a large-scale cloud computing research project (Mohammad et al., 2021). In early 2008, Eucalyptus was developed as the first API-compatible open-source platform, Amazon’s Software as a Service1, for expanding private clouds (Uganya et al., 2022).
In mid-2008, Gartner began studying cloud computing to shape the relationship between consumers of Information Technology (IT) services and the categories that provide them. He observed that organizations are moving from hardware and software aspects of companies to service-based models for each use, so the project moved towards cloud computing, and the result was significant growth in information technology products (Ravikumar and Kavitha, 2021).
Today, 84% of managers in developed countries reduce the costs of their applications by using cloud computing (Abduaziz et al., 2015; Holtkamp, 2015; Hajipour and Rahbarjou, 2019). According to (Holtkamp, 2015), the average amount of savings obtained from the use of cloud computing is 21%. Moreover, this issue justifies the estimated value of the cloud computing market at 180 billion dollars by 2015.
2.1 Cloud computing in blockchain-based PV systems
Cloud computing plays a crucial role in streamlining maritime transport by minimizing the physical exchange of documents between custodian organizations (Bays, 1977). The implementation of cloud computing offers significant benefits, including enhanced information flow management and more efficient monitoring of the document cycle (Jian and Weng, 2020). This innovative approach enables effective management of skills, capacity, and financial/cash flow, crucial factors in optimizing organizational resources (Subramanian et al., 2014).
With the growing emphasis on demand-based order management, customer relationship management has become increasingly important. Cloud computing provides the means to achieve the goals of this new approach (Goli et al., 2022), facilitating supply chain flows and reducing sea transportation costs (Goli et al., 2021).
Another compelling reason for adopting cloud computing is the opportunity to outsource information and communication technology services, leading to increased business benefits (Uganya et al., 2022). Additionally, cloud processing lowers barriers for new service providers entering the market (Ravikumar and Kavitha, 2021), allowing them to focus on their core activities and provide better services without worrying about significant initial investments (Holtkamp, 2015). The minimal cost and infrastructure requirements associated with entering the market through cloud computing empower service companies to operate efficiently and compete effectively in their respective domains.
2.2 Weaknesses of cloud computing
In addition to the advantages of CP, the utilization of cloud computing technology presents various challenges. These concerns highlight the significant risks involved for companies that previously had full control over their data and operations. Consequently, transitioning to a cloud computing environment can be perceived as highly risky. The paramount importance of ensuring people’s privacy, data security, integrity, and intellectual property management has always been a major concern for experts in the field of information technology (Nettsträter et al.; Chow et al., 2007).
Furthermore, several obstacles hinder the implementation of cloud computing technology. These include uncertainty among investors, limitations in internet speed, and resistance from operating systems and hardware manufacturers (Goli et al., 2020a).
Comparing ready-made software packages and web-based software, the decision on which one to choose can be influenced by the program’s size and its intended use. For example, if a company relies on organizational systems such as “organizational resource planning,” migrating these intricate systems to the cloud environment could prove challenging (David et al., 2015; Goli et al., 2020a; Kreft et al., 2021).
2.3 Cloud service models and organizational requirements
The requirements of organizations and companies are the primary basis for choosing and using one or more cloud computing service strategies (Goli et al., 2020b). Currently, cloud computing services are provided in three different ways. These three groups are described below:
2.3.1 Software as a service
In this service provided to the customer, the applications provided run on the cloud infrastructure. Client devices make these applications available through a low-level client interface such as a web browser. The client does not manage or control the cloud infrastructure, network, servers, operating systems, underlying storage, or application software. Of course, settings limited to program configurations can be managed and controlled at the user level (Nettsträter et al.).
2.3.2 Platform as a service
In this type of service, the customer can place the applications built or purchased by him on a cloud infrastructure. These programs are built using programming languages and tools supported by the provider. In this case, the customer does not manage or control the underlying cloud infrastructure, network, servers, or storage space. However, it controls the placed applications and possibly the configuration of the application hosting environment. In this case, instead of buying expensive dedicated servers to run their programs at the network level, organizations become customers of platform services as a service (Nettsträter et al., 2015).
2.3.3 Infrastructure as a service 3
This form of service provision provides a possibility for the customer that includes processing power, storage space, networks, and other fundamental computing resources, in such a way that the customer can install and run his desired software, which can include operating systems and applications. The customer does not manage or control the underlying infrastructure but has control over the operating systems, storage space, deployed applications, and possibly limited control over the selection of networking components such as firewalls. Another name for this type of service is “everything as a service.” It means that a virtual server on the cloud is completely provided to the customer, and there is more control over the infrastructure compared to the previous services (Holtkamp, 2015). The cloud service models and the relation between them are depicted in Figure 1.
[image: Figure 1]FIGURE 1 | Cloud service models.
2.4 Cloud computing and transportation industry
Recent research, as highlighted by a survey conducted by Supply Chain Insight, indicates that a significant 41% of companies engaged in goods transportation within the PV logistic systems domain encounter notable challenges when it comes to analyzing the wealth of information available (Goli et al., 2020a; Goli et al., 2020b). Furthermore, an additional 34% of respondents express their struggle with a deficit in essential information and capabilities required to effectively address the complexities posed by big data challenges (Goli and Mohammadi, 2021).
In the broader context of international trade and its profound impact on both national and local economies, the optimization of data archiving emerges as a matter of paramount importance within PV logistic systems. Improving accessibility to well-maintained document archives for organizations engaged in PV logistics has the potential to catalyze more efficient supply chains and streamline maritime transportation (Goli et al., 2020a; Goli and Mohammadi, 2021; Khanchehzarrin et al., 2021; Ghasemi et al., 2022a; Ahmadi and Ghasemi, 2022; Ghasemi et al., 2022b). These enhancements in the performance of ports and customs operations are poised to yield a positive ripple effect, ultimately bolstering the national economy and facilitating the seamless flow of global trade.
Upon comprehensive examination of related research, this paper makes significant contributions in several key areas. A newly proposed framework is introduced to optimize the delivery process within supply chains, thereby reducing associated costs. The research continues to explore the following essential aspects:
1. Analyzing diverse facets of cloud computing (CP) for supply chains, understanding its implications and potential benefits.
2. Presenting a novel and tailored framework that effectively implements cloud computing in supply chain management.
3. Formulating a mathematical model specifically designed for PV logistic planning using cloud computing techniques.
4. Conducting a comparative analysis to evaluate the performance of PV logistic systems, considering the pivotal role of cloud computing in this context.
Through these contributions, this research aims to shed light on the efficiency and effectiveness of leveraging cloud computing in optimizing supply chain operations and enhancing the overall performance of PV logistic systems.
3 RESEARCH METHODOLOGY
The integration of cloud computing in the administration of ports and customs offers a promising avenue to streamline and cost-effectively manage blockchain-based PV logistic systems. Transportation costs, which constitute a significant portion of overall product expenses (Jian and Weng, 2020), can be substantially reduced through the strategic adoption of cloud computing solutions.
In certain scenarios, shipping companies find themselves compelled to embrace cloud computing technology. For instance, when a transport company requires an ever-available online data center, it faces the choice of investing in installing and commissioning the relevant IT infrastructure or opting for the cloud environment, thus realizing significant cost savings. The subsequent subsections elaborate on the proposed CP approaches in blockchain-based PV systems and supply chains.
3.1 Cloud supply chain in service industries
Now that we are familiar with the role of sea transportation in facilitating supply chains, we should know that using the concept of the supply chain in the form of cloud processing is considered an innovation. The definition of the supply chain can be summarized as: A supply chain consists of two or more businesses that are connected by the physical flow of goods, information flow, and financial flow (Goli et al., 2020b; Jian and Weng, 2020; Goli and Mohammadi, 2021). This definition is the foundation of the cloud supply chain definition. The cloud supply chain is two or more businesses linked by providing related cloud, information, and financial services (Holtkamp, 2015).
3.2 Cloud supply chain components in the service environment
In order to operate the supply chain in a cloud environment, information and liquidity must be managed and coordinated along the chain. This management includes providing infrastructure services, monitoring the provided services, and managing the information flow process.
Cloud supply chain components are divided into three groups of main actors, supply chain products and information and different flows. This performance is fully explained in Figure 2.
[image: Figure 2]FIGURE 2 | Cloud supply chain components (Hajipour and Rahbarjou, 2019).
In this research, the communication module transmits the operational data to the calculation module, inspired form (Benotmane et al., 2017), which retrieves the passive data through the SW_passive_Data service and starts calculations using Eq. 1
[image: image]
We consider [image: image] as the distance between [image: image] and [image: image] (i and j are customers or distribution centers).
The operational cost related to the delivery process is calculated as Eq. 2 (Goli and Mohammadi, 2021).
[image: image]
where [image: image] is the amount of the product transported from [image: image] to [image: image] and [image: image] is a binary variable, which is equal to 1 if the PV logistic system is selected, and equal to 0 otherwise. It should be noted that [image: image] represents the amount of additional fuel per ton of load, as a vehicle consumes 15% more fuel per 100 km when loaded (according to various vehicle data sheets).
In addition, the employee receives a salary for doing the work. Multiple employees can perform the same process. Finally, the total cost for a given PV logistic system during a time period is calculated by Eq. 3 (Goli and Mohammadi, 2021).
[image: image]
Where [image: image] is the number of employees, [image: image] is working time and [image: image] is the salary for each working hour. As a result, the economic cost related to the “delivery process” is determined by Eq. 4 (Goli and Mohammadi, 2021).
[image: image]
4 IMPLEMENTATION RESULTS
The fundamental objective of supply chain management is to accomplish the delivery of “the right product with the right amount to the right place at the right time and at the lowest cost.” To achieve this principle, companies must adopt an effective blockchain-based PV management policy that aims to enhance overall profitability by maximizing revenues and minimizing costs, encompassing production, trading, transportation, and storage expenses.
In implementing a new strategy to optimize costs, decision-makers must carefully consider the consequences of their choices. Our approach offers a simulation of a new policy, enabling decision-makers to thoroughly evaluate the associated costs before implementation.
This paper introduces a CP approach for blockchain-based PV systems, utilizing a multi-stage framework comprising a series of web services that interconnect applications using diverse technologies. This seamless connectivity facilitates the exchange of data through universally understood protocols (Goli and Mohammadi, 2021). Additionally, our cloud environment is private, ensuring that the provider adheres to rigorous security measures, deeply verified in accordance with the specified requirements in the Service Level Agreement (SLA). The illustrative structure of our proposed approach is depicted in Figure 3.
[image: Figure 3]FIGURE 3 | Cloud computing platform for blockchain-based PV logistics process.
Based on the insights presented in Figure 3, the user platform serves as a pivotal component of the blockchain-based PV logistic system, providing users with access to a multitude of services tailored to their specific needs. Each user is equipped with the capability to monitor and gauge the progress of ongoing processes, enabling interventions in the database and the addition of crucial information. Subsequently, the platform efficiently transfers information via the internet, culminating in the database update. Employing a series of modules, the cloud computing system accurately computes the total costs associated with the PV logistic system. The successful implementation of this cloud computing system significantly streamlines complex PV logistic operations, rendering them easily manageable and enhancing overall system efficiency.
Table 1 presents an array of diverse web services that can be seamlessly implemented within the PV logistic system’s cloud computing environment. Each web service caters to specific functionalities, further enhancing the system’s capabilities and fostering a more robust logistics management process.
TABLE 1 | List of web services.
[image: Table 1]Given that each logistic system operates as a process-oriented business (Goli and Mohammadi, 2021), our approach focuses on the comprehensive evaluation, improvement, and optimization of PV logistics processes. The underlying principle is that by effectively managing the smallest entities within the system (i.e., individual processes), we can efficiently control the entire supply chain. To illustrate this concept, Figure 4 presents a data flow diagram that delineates the various actions and flows involved in the PV logistic system.
[image: Figure 4]FIGURE 4 | Data flow diagram of the proposed approach.
Through this approach, we aim to attain a granular understanding of each process’s dynamics, enabling us to identify potential bottlenecks, inefficiencies, and areas for enhancement. By addressing these aspects at the process level, we ensure a streamlined and optimized supply chain, ultimately enhancing overall logistic performance and cost-effectiveness. The data flow diagram visually depicts the seamless interaction of data and activities within the PV logistic system, facilitating informed decision-making and driving continuous improvements in logistics management.
Figure 4 depicts a cost comparison, which informs the selection of optimal decisions within the proposed framework. Notably, the primary decisions within this framework revolve around determining the inventory levels in each warehouse, the quantity of products to distribute, and the number of transportation vehicles to utilize.
4.1 Model validation
To further illustrate the application of this framework and validate the proposed model, Table 2 and Figure 5 provide a concrete example.
TABLE 2 | The cost-related information of different decisions considering CP.
[image: Table 2][image: Figure 5]FIGURE 5 | Comparing the costs of different decisions in the proposed framework.
Table 2 presents a comprehensive analysis of three critical decisions, each evaluated under two distinct conditions: with CP and without CP. For each decision, various costs are meticulously calculated, leading to the determination of the total cost associated with each scenario. Remarkably, as depicted in Figure 5, the implementation of CP yields significantly lower total costs compared to the non-CP scenario.
In addition, the sensitivity analysis is applied to explore how a parameter impacts the objective function’s value. In this particular analysis, we have selected the Nbr parameter, and it is varied within a range of −50% to +50%. Additionally, we conduct a comparative evaluation between the “Without CE” model and the “With CE” model to discern their differences. The outcomes of these analyses are succinctly presented in Table 3 and Figure 6 for easy reference and interpretation.
TABLE 3 | The results of sensitivity analysis.
[image: Table 3][image: Figure 6]FIGURE 6 | The trend of total costs in the proposed models.
An examination of the findings depicted in Figure 6 reveals a consistent trend in both the “With CE” and “Without CE” models. As the [image: image] parameter increases, there is a corresponding growth in the objective function. This growth is particularly pronounced within the −20%–20% range, after which it exhibits a more gradual incline for [image: image] values exceeding 20%.
This section’s results underscore the critical importance of diligently considering demand levels in PV planning. Notably, even a modest 20% change in demand can lead to a substantial increase in total system costs. This highlights the sensitivity of PV logistics to fluctuations in demand and underscores the necessity of precise demand forecasting and management.
Furthermore, when comparing the “With CE” model to the “Without CE” model, it becomes apparent that the latter tends to impose lower costs on decision-makers. However, it is essential to note that the “With CE” model more accurately reflects real-world conditions and dynamics within the PV logistics domain. It captures the intricate interplay of cloud-enabled technologies and blockchain-based systems, which are increasingly relevant in today’s PV industry landscape. Consequently, while the “Without CE” model may appear cost-effective, it may fall short in representing the complexities and efficiencies achievable through cloud-enabled solutions in real-world scenarios.
5 DISCUSSION
A meticulous analysis of the cost structure reveals a profound impact when Cloud-Enabled Blockchain Technology (CP) is absent. In such instances, the cost reductions are primarily confined to variable costs, while other cost components experience significant increments. This critical observation underscores the undeniable value of CP in the optimization of PV logistic systems, as it triggers a substantial improvement in the overall cost landscape.
Our findings unequivocally demonstrate that the integration of CP into blockchain-based PV logistic systems yields substantial, tangible benefits, resulting in a notable reduction in the total costs incurred by organizations. By leveraging the capabilities of cloud-based solutions, organizations can attain heightened operational efficiency, cost-effectiveness, and overall performance. This positions them advantageously in the fiercely competitive landscape of the renewable energy sector, where the efficient utilization of resources and cost-effectiveness are pivotal determinants of success.
A deeper exploration of the cost breakdown exposes a noteworthy trend. In scenarios devoid of CP, cost reductions are predominantly confined to variable costs, while other facets experience marked cost escalations. This observation underscores the pivotal role of CP in achieving comprehensive cost optimization within PV logistic systems. While reducing variable costs is unquestionably advantageous, it is paramount to consider the broader spectrum of cost elements. CP not only addresses variable costs but also exerts a positive influence on fixed costs, transportation expenditures, storage overheads, and inventory management outlays.
Our research leaves no room for uncertainty: the assimilation of CP into blockchain-based PV logistic systems furnishes substantial advantages, manifesting as a tangible reduction in the overall costs borne by organizations. This reduction seamlessly translates into cost-effectiveness, heightened operational efficiency, and an enhanced performance profile for the entire system. These advantages assume heightened significance within the competitive realm of the renewable energy sector, where operational efficiency and cost-effectiveness are pivotal determinants of triumph.
By harnessing the capabilities of cloud-based solutions, organizations operating in the renewable energy sector can strategically position themselves. The synergy that unfolds between cloud computing and blockchain technology, as underscored in our research, not only curtails costs but also confers PV logistic planners with real-time access to indispensable data. This, in turn, fosters data-driven decision-making, streamlines communication, and enriches collaboration among stakeholders.
6 CONCLUSION
The research highlights the significant improvements that world-class commercial supply chain management standards have experienced today, with cloud computing playing a pivotal role in transforming logistics operations. By leveraging cloud computing, organizations can streamline their structures, outsource logistics sub-activities to specialized service providers, and create added value by optimizing asset utilization, reducing costs, and focusing on core competencies.
This study introduced a novel framework for implementing cloud computing in blockchain-based photovoltaic logistic systems and supply chains, recognizing the importance of integrating cloud-based solutions in the renewable energy sector. Effective business management demands sufficient control over operations, but it is acknowledged that certain environmental changes lie beyond an organization’s control. In such instances, rapid recovery and data restoration become crucial for seamless business continuity.
A key managerial insight from this research emphasizes the advantage of cloud computing in data protection and risk mitigation. While traditional hardware infrastructure concentrates all company data and programs in one place, it exposes organizations to heightened risks of data loss due to human errors, unforeseen incidents, and power fluctuations. On the contrary, cloud computing ensures data redundancy by storing information across multiple server locations, thereby effectively eliminating the risk of data loss during various incidents.
Despite the valuable contributions of this research, it is important to acknowledge its limitations. The study focused on a specific context of blockchain-based PV logistic systems, and the findings may not be directly applicable to other logistics domains. Additionally, the research primarily explored the benefits of cloud computing, but certain potential challenges and costs associated with cloud adoption were not extensively addressed.
In conclusion, the proposed framework and insights presented in this research pave the way for more resilient, cost-effective, and competitive PV logistic systems. With continued advancements in cloud computing and supply chain technologies, the potential for even greater optimization and value creation in the renewable energy sector remains promising.
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