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Abstract

:

As China strives for carbon neutrality, the transition to digital energy systems presents both significant opportunities and formidable challenges. This study investigates the key barriers hindering this transition and the urgent need for effective strategies to address them, raising the critical research question: What are the main obstacles to digital energy adoption in China, and how can these challenges be overcome? In this study, the fuzzy AHP method has been utilized to prioritize barriers and fuzzy WASPAS to evaluate the strategies. Using fuzzy AHP, we found that stakeholder and governance barriers are the most critical, emphasizing issues like misalignment among stakeholders and governance challenges. Following this, financial constraints and technological limitations emerged as other significant barriers, highlighting the need for improved financing mechanisms and robust infrastructure. Through fuzzy WASPAS analysis, the top strategies identified are enhancing public awareness and capacity-building programs, strengthening governance and anti-corruption measures, and increasing investment in green finance. The results emphasize the importance of tackling governance and financial issues alongside technological advancements. Policy implications and recommendations are provided to guide China’s digital energy transition, with suggestions for future research focused on broader regional comparisons and the integration of emerging technologies.
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1. Introduction


China’s pursuit of carbon neutrality by 2060 hinges on a critical shift towards digital energy systems, which play a key role in its journey to achieving net-zero emissions. China, as the largest global consumer of energy and top emitter of carbon dioxide, faces major challenges in overhauling its conventional energy sector [1]. This shift requires a digital transformation that not only incorporates renewable energy sources but also leverages smart technologies, data analytics, and artificial intelligence (AI) to optimize energy systems, reduce carbon footprints, and meet sustainability targets [2]. China is responsible for nearly 28% of global carbon dioxide emissions, according to a 2023 report by [3]. To meet its carbon neutrality goals, China must drastically reduce its reliance on fossil fuels, which accounted for about 26% to 28% of the world’s total energy consumption, while accelerating its adoption of renewable energy sources and digital technologies. The global energy landscape is evolving rapidly, and the digitalization of energy systems has emerged as a key enabler in achieving carbon reduction targets. Technological advancement provides promising opportunities to effectively integrate renewable energy sources like solar, wind, and hydropower into the national grid [4]. However, the integration of these technologies requires significant investment in infrastructure to monitor and manage energy consumption in real-time.



Digital energy systems refer to the integration of advanced digital technologies—such as smart grids, AI, Internet of Things (IoT) devices, blockchain, and big data analytics—into energy infrastructures to optimize energy production, distribution, and consumption. These systems enable real-time monitoring, predictive maintenance, and efficient energy management, which are crucial for managing renewable energy sources, reducing waste, and enhancing the overall efficiency of energy systems. Digital energy systems enhance the flexibility and responsiveness of the energy grid, playing a crucial role in transitioning from fossil-based energy to cleaner, more sustainable sources. These systems optimize the integration of renewable energy, enable real-time adjustments to reduce energy waste, improve efficiency, and significantly lower carbon emissions, all of which are vital for achieving carbon neutrality. Globally, the digitalization of energy systems is projected to save up to 15% in global electricity consumption by 2040, according to the IEA’s Digitalization and Energy Report [5]. In 2022, China installed over 50% of the world’s total new renewable energy capacity, with investments in renewable energy surpassing USD 546 billion, according to [6]. However, realizing these goals requires overcoming significant hurdles in the modernization of infrastructure, digital technology integration, and policy alignment. Reports from the World Economic Forum (WEF) highlight that globally, digital energy investments must increase by over 25% annually to meet 2030 emissions reduction targets [7]. China is at a crossroads, requiring approximately USD 13 trillion in green technology investments by 2050 [3]. One of the primary barriers to this transition is the legacy infrastructure dominated by coal and other fossil fuels. Despite China’s position as a global leader in renewable energy capacity, coal still accounts for nearly 56% of its total energy consumption, according to [8]. The entrenched reliance on coal creates a significant roadblock for the integration of digital energy solutions, as outdated grid systems and energy networks are ill equipped to handle the complexities of renewable energy distribution and smart energy management. Additionally, the high initial cost of transitioning to digital energy infrastructure acts as a deterrent, particularly for regional governments and small energy providers who may lack the financial resources or technical expertise to invest in cutting-edge technologies [9].



China’s central government has made carbon neutrality a top priority, and there is often a disconnect between national policy directives and regional implementation. Local governments may focus on short-term economic growth rather than long-term sustainability, which can slow down the adoption of digital energy initiatives [10]. Financial barriers also pose significant challenges. The scale of investment required to overhaul China’s energy infrastructure and implement digital technologies is enormous, necessitating not only public investment but also private sector participation [11]. While green finance initiatives, such as green bonds and carbon markets, have gained traction in recent years, there remains a gap in financing mechanisms tailored specifically to the digital energy transition [12]. The digital divide in China, particularly between urban and rural regions, exacerbates the challenge of public awareness and acceptance, as access to high-speed internet and digital literacy are prerequisites for the effective adoption of smart energy solutions [13]. Moreover, the workforce in the energy sector must be equipped with the necessary digital skills to manage and operate these technologies effectively [14]. Without addressing these human resource challenges, the digital energy transition may stall, regardless of technological and financial advancements. In addition to these challenges, China’s climate and carbon neutrality goals have been integrated into its broader long-term development plans, such as the 14th Five-Year Plan and the Vision 2035 initiative. These policies emphasize green growth, energy efficiency, and a transition to low-carbon technologies, aiming to peak carbon emissions and reach carbon neutrality. Additionally, China’s role as a global leader in clean energy development places further pressure on the country to overcome existing policy, technological, and financial barriers, ensuring that both national and regional efforts are aligned to meet the carbon neutrality target.



Despite China’s substantial progress in renewable energy capacity and digital technology adoption, there remains a significant gap in understanding how digital energy systems can effectively address the barriers hindering the transition to a fully integrated, sustainable energy system. Current research often focuses on isolated aspects of digitalization or renewable energy, but there is limited work that systematically identifies and evaluates the critical barriers and strategies for the comprehensive digital energy transition in China. This study aims to fill this gap by applying the fuzzy AHP and fuzzy WASPAS methodologies to not only prioritize the barriers but also propose actionable strategies for overcoming these challenges, ensuring a smoother path to achieving carbon neutrality. As China strives to achieve carbon neutrality, the digitalization of its energy systems will play a central role in decarbonizing its economy and paving the way for a sustainable future.




2. Literature Review


The literature surrounding digital energy transitions and carbon neutrality has evolved significantly in recent years, with scholars focusing on the technological, economic, and policy dimensions of energy systems transformation. Numerous studies highlight the potential of digital technologies, such as smart grids, IoT, and AI, in revolutionizing energy management and enhancing the integration of renewable energy into national grids [15,16]. China, being a global leader in renewable energy production, has drawn considerable academic attention in its efforts to incorporate digital technologies into its energy systems to meet its ambitious carbon neutrality goals. China’s renewable energy capacity has expanded rapidly, with the country becoming the world’s largest producer of wind and solar power. At the same time, the integration of these renewable sources into the grid has raised challenges in terms of grid stability, energy storage, and efficient distribution. Digital technologies are seen as crucial to overcoming these barriers. A prior study explored the threshold effect of energy consumption on carbon emissions in the context of digital transformation, analyzing panel data from 29 major exporting countries using a multivariate threshold model [17]. The findings revealed that digital infrastructure, trade competitiveness, and technology exploitation significantly influence the relationship between energy use and CO2 emissions. In addition, the digital economy plays a key role towards carbon neutrality through improved energy efficiency and optimized energy structures [18]. Its impact varies by region and is influenced by factors such as intelligent manufacturing and industrial agglomeration. The previous research highlights how digital technology aids carbon neutrality by enhancing efficiency, managing carbon footprints, and enabling smart solutions [19]. It identifies drivers like business growth and environmental consciousness, barriers such as financial and technological challenges, and strategies for overcoming them through planning and stakeholder engagement.



One stream of research emphasizes the role of smart grids in enabling a more efficient and resilient energy infrastructure. According to [20], smart grids play a crucial role in optimizing energy distribution, balancing supply and demand, and incorporating renewable energy sources like solar and wind into the energy mix. Studies by [21] argue that smart grids can reduce energy losses, enhance grid stability, and facilitate the real-time monitoring and control of energy flows, which are essential for achieving carbon neutrality. The integration of digital technologies in energy grids allows for the deployment of advanced metering systems, which provide consumers with real-time data on energy usage, encouraging energy efficiency and contributing to overall emission reductions. Recent research also highlights the importance of AI and big data analytics in optimizing energy systems. AI can predict energy demand, optimize grid operations, and facilitate the integration of variable renewable energy sources into the grid. According to a study by [22], AI-driven algorithms can enhance the forecasting of energy demand patterns and optimize energy storage systems to ensure a stable energy supply. This is particularly important in China, where the integration of renewable energy is challenged by the variability in solar and wind resources. AI is also being used to manage energy storage systems more effectively, as seen in the work of [23], who demonstrated that the AI-based optimization of energy storage can significantly reduce energy wastage and improve the efficiency of renewable energy use.



Blockchain technology is gaining attention in the literature, especially regarding peer-to-peer energy trading and enhancing transparency in carbon credit markets. Studies by [24,25] emphasize that blockchain can create decentralized energy trading platforms where consumers and producers can exchange energy in real-time, thereby reducing reliance on traditional, centralized energy suppliers. This technology also enhances transparency and traceability in carbon credit trading, a critical aspect of China’s efforts to build a robust carbon market. By providing immutable records of energy transactions and carbon credits, blockchain can play a key role in ensuring that carbon neutrality targets are met and that energy systems are optimized for sustainability. From a policy perspective, researchers have examined the role of government policies in promoting digital energy transitions. China’s national policies, including the 14th Five-Year Plan (2021–2025), prioritize digital infrastructure development as a key enabler of the country’s carbon neutrality goals [26]. In another study, [27] argue that government-led initiatives, such as subsidies for renewable energy and incentives for digital infrastructure development, have been instrumental in accelerating the deployment of smart energy technologies. However, the literature also points to gaps in regulatory frameworks, particularly in terms of regional disparities in the implementation of digital energy initiatives. As [28] point out, local governments in China may lack the financial resources and technical expertise to fully implement national policies, leading to uneven progress in the digitalization of energy systems across the country.



Several scholars have explored the financial barriers to digital energy transitions, focusing on the high upfront costs of digital infrastructure and the uncertainties surrounding returns on investment. According to [29], financing the digital energy transition requires innovative financial mechanisms, including green bonds, carbon markets, and public–private partnerships. In particular, green bonds have emerged as a crucial tool for raising capital to finance renewable energy projects and digital infrastructure. A recent study by [30] shows that China is now the world’s largest issuer of green bonds, with over USD 85 billion issued by the end of 2022. The literature also addresses the social and behavioral aspects of digital energy transitions. Public acceptance of digital technologies in the energy sector is crucial for their successful implementation. A study by [31,32] highlights public awareness of smart energy systems and their potential benefits. According to a report by [33], while urban areas in China have quickly embraced digital energy systems, rural regions are falling behind due to restricted access to high-speed internet and insufficient digital literacy. This digital divide must be addressed through targeted policy interventions and educational programs to ensure that all regions of China can benefit from the digital energy transition.



The role of policies and regulations in driving digital energy transitions is a critical roadmap to sustainable development. Studies highlight that robust policy frameworks are essential for overcoming technical, financial, and infrastructural barriers. For instance, China’s 14th Five-Year Plan (2021–2025) emphasizes the development of digital infrastructure and renewable energy as integral to achieving carbon neutrality goals [34]. National policies have been instrumental in promoting renewable energy adoption through subsidies, tax incentives, and support for digital innovations [35]. However, significant challenges persist, particularly in terms of regional disparities. Local governments often face financial constraints and lack the technical expertise to fully implement national policies, resulting in uneven progress across regions. Scholars argue for more comprehensive and flexible regulatory mechanisms that address these disparities and support localized energy solutions [36]. Also, the integration of carbon markets and digital technologies, such as blockchain for carbon credit transparency, has emerged as a critical area for policy innovation. While these efforts have shown promise, further research is needed to design regulatory frameworks that are adaptable, enforceable, and inclusive, ensuring equitable progress toward digital energy transitions. Moreover, the literature stresses the importance of international collaboration and alignment with global sustainability standards to enhance policy effectiveness [37].



Additionally, the workforce’s preparedness for managing digital energy systems has become a central focus of research. The shift towards digital energy systems requires a workforce equipped with the necessary digital skills to operate and maintain these technologies. The development of specialized training programs for energy sector workers is crucial for ensuring the smooth transition to digital energy. Without such programs, the full potential of digital energy technologies may not be realized, particularly in regions where traditional energy systems still dominate. While the literature on digital energy transitions is extensive, there is a growing recognition of the need for interdisciplinary approaches that combine technological, economic, and policy perspectives. According to [38], future research should focus on the intersection of digital energy technologies and carbon markets, exploring how digital tools can enhance the efficiency and transparency of carbon trading systems.



Overall, the digital energy transitions present a complex challenge, with digital technologies offering significant potential to transform energy systems and reduce carbon emissions. However, substantial barriers remain, particularly in terms of infrastructure, financing, policy frameworks, and public acceptance. While existing research has explored these barriers, there is a lack of comprehensive, systematic approaches to identifying and overcoming them, especially in the context of China’s ambitious carbon neutrality goals. This study seeks to fill this gap by applying fuzzy AHP and fuzzy WASPAS methods to systematically assess and prioritize these barriers. In doing so, it contributes to the growing body of research on how nations, particularly China, can effectively leverage digital technologies to accelerate their transition to sustainable energy systems and meet carbon neutrality targets.




3. Transitioning to Digital Energy to Achieve Carbon Neutrality


The government has recognized the importance of digital technologies in energy systems as part of its broader energy transition strategy in China. However, despite significant advancements in renewable energy capacity and investments in digital infrastructure, there are still substantial barriers that must be overcome to fully transition to a digital energy ecosystem. The fuzzy AHP method is employed to identify and prioritize the key barriers, while the fuzzy WASPAS method is used to develop effective strategies to overcome them. The first step in this process involves selecting and categorizing the main barriers and their corresponding sub-barriers, which are detailed in the following section.



3.1. Selection of Barriers and Sub-Barriers


The transition to digital energy faces multiple challenges that must be addressed systematically. Based on a review of the literature and expert consultations, five main barriers have been identified, each with several sub-barriers that provide a more detailed understanding of the challenges at play. Table 1 provides the details of barriers and sub-barriers.




3.2. Strategies to Overcome the Barriers to the Digital Energy Transition


Overcoming the barriers to the digital energy transition is essential for China to achieve its carbon neutrality goals. By tackling both the systemic and technical barriers, China can make significant progress in transitioning to a sustainable energy system powered by digital technologies. A multifaceted approach is crucial because no single solution will suffice. Technological advancements must be supported by regulatory reforms and financial incentives, while public awareness campaigns and capacity-building efforts will play a key role in driving behavior change. Moreover, ensuring transparent governance and eliminating corruption will be vital to making digital energy projects more effective and scalable. Below are six key strategies that can address these barriers and pave the way for an efficient digital energy transition in China.



3.2.1. Establish National Digital Energy Standards and Policies


To address the regulatory and policy barriers, the government must establish clear, national standards for digital energy technologies. This will include creating guidelines for the integration of smart grids, digital monitoring systems, and renewable energy sources into the grid. By standardizing the technology and processes, regional inconsistencies can be minimized, and a more streamlined, efficient transition can occur across the country. Additionally, a faster implementation of policies will be facilitated by reducing bureaucratic delays [59].




3.2.2. Promote Public–Private Partnerships (PPPs)


Public–private partnerships (PPPs) can help overcome stakeholder coordination and governance challenges. Through PPPs, governments can collaborate with private companies to fund and implement digital energy projects. This approach will reduce the financial burden on the public sector while leveraging the technological expertise and innovation capacity of private companies. PPPs also align the interests of both sectors, mitigating conflicts and creating more coherent project execution strategies [60].




3.2.3. Increase Investment in Green Finance


To tackle the financial constraints, China should promote more green financing mechanisms, such as green bonds, carbon credits, and sustainability-linked loans. Expanding access to green finance will allow investors and stakeholders to fund large-scale digital energy projects with reduced risk. By incentivizing private investors and financial institutions to support these initiatives, high capital costs can be more easily managed, and digital energy infrastructure will receive the necessary financial backing for long-term development [61,62].




3.2.4. Develop Advanced Digital Infrastructure


Addressing the technological barriers requires significant investment in digital infrastructure such as smart grids, data management systems, and cybersecurity frameworks. China should prioritize upgrading its energy systems to ensure compatibility with digital technologies and integrate renewable energy sources more effectively. Building a strong foundation of digital infrastructure will enable the seamless operation of digital energy systems and reduce the technological risks associated with cybersecurity and data protection [48,63,64].




3.2.5. Enhance Public Awareness and Capacity-Building Programs


Low public awareness and workforce skills gaps are significant social and behavioral barriers. To address these challenges, the government and private sector should invest in public education campaigns that promote awareness of the benefits of digital energy systems and carbon neutrality. Additionally, capacity-building programs aimed at upskilling the workforce will ensure that there is a talent pool ready to manage, maintain, and develop digital energy solutions. This can include specialized training in smart grid management, data analysis, and cybersecurity [65].




3.2.6. Strengthen Anti-Corruption Measures and Governance


Corruption and mismanagement of funds in digital energy projects undermine their success and scalability. Strengthening anti-corruption measures through more transparent governance structures and stricter regulatory oversight can ensure that digital energy projects are implemented fairly and efficiently. By enhancing governance mechanisms, the risk of project delays, resource misallocation, and inefficiency will be reduced, leading to more reliable and effective project outcomes [66,67].



These strategies, when implemented together, will help overcome the key barriers to China’s digital energy transition, ultimately contributing to the country’s goal of carbon neutrality.






4. Methodology


The methodology for this study is designed to systematically identify, prioritize, and address the barriers to the digital energy transition for achieving carbon neutrality in China. Given the complexity of the transition and the multiple layers of challenges, using a multi-criteria decision-making (MCDM) approach is important for looking at both clear and unclear factors when making decisions [68]. This research integrates two robust techniques, fuzzy AHP and fuzzy WASPAS, which are valuable tools for evaluating and ranking barriers, enabling the identification of the best strategies to address them. The fuzzy AHP method is utilized to prioritize the barriers and sub-barriers based on their importance and impact on the digital energy transition. After this, the fuzzy WASPAS method is utilized to rank the strategies designed to address these barriers. This integrated approach ensures that both the subjective and objective aspects of decision making are captured, offering a more holistic view of the challenges and solutions. Additionally, the combination of fuzzy AHP and fuzzy WASPAS enhances the robustness of the analysis by addressing the inherent uncertainty and complexity in the digital energy transition process. The methodology framework is depicted in Figure 1, which illustrates the sequential steps involved, starting from the identification of barriers, their prioritization, and the subsequent evaluation of strategies.



4.1. Fuzzy AHP


The fuzzy AHP method is a widely used multi-criteria decision-making tool that incorporates fuzzy logic to handle the uncertainty and imprecision inherent in subjective judgments. Fuzzy AHP allows for more accurate decision making by incorporating expert judgment under uncertainty, which is crucial for complex problems like digital energy transitions. Unlike traditional AHP, it handles linguistic ambiguity effectively, making it easier to model and prioritize barriers in a way that reflects real-world decision-making complexities. Additionally, the method’s flexibility in accommodating diverse expert opinions ensures a more comprehensive and robust analysis, leading to more reliable outcomes for strategy development. Fuzzy AHP extends the standard AHP by converting the decision matrix into fuzzy triangular numbers, thereby accounting for this uncertainty in the pairwise comparisons of barriers and sub-barriers. For this study, the barriers and sub-barriers identified in the previous sections are subjected to pairwise comparisons based on expert input. Experts from the energy, policy, and technology sectors will be consulted to provide their insights on the relative importance of each barrier. These inputs are then used to generate a fuzzy comparison matrix, which is defuzzified to obtain crisp priority weights for each barrier. The resulting weights allow for the ranking of barriers according to their influence on the digital energy transition, thereby guiding subsequent strategy development. The TFN scale utilized in this study is shown in Table 2.



Step 1: Convert a triangular fuzzy matrix into two independent matrices, as shown below:


    X   i   = (   l   i   ,   m   i   ,   u   i   )  



(1)







Next, construct the first triangular fuzzy matrix using the middle fuzzy triangular matrix, represented by the following equation:


    X   m   = [   x   i j m   ]  



(2)







Here, form the second triangular fuzzy matrix using the geometric mean method for the upper and lower limits of the triangular fuzzy numbers (TFNs). This is represented by the following formula:


    X   g   = [    x   i j u     x   i j l    ]  



(3)







Step 2: Construct the weight vector using the Saaty method and calculate lambda max.



Step 3: Determine the consistency index (CI) for each matrix using the following formula:


    C I   m   =      λ   m a x   m   − n   n − 1     



(4)






    C I   g   =      λ   m a x   g   − n   n − 1     



(5)







Step 4: Calculate the consistency ratio (CR) for each matrix. This consistency ratio can be obtained by dividing the consistency index (CI) of each matrix by the corresponding random index (RI).


    C R   m   =      C I   m       R I   m       



(6)






    C R   g   =      C I   g       R I   g       



(7)







The fuzzy matrices are deemed valid and symmetric if the values of both     C R   m     and     C R   g     are less than 0.10. However, if either value exceeds 0.10, the results will be considered invalid or inconsistent. In this study, we included the random index (RI) scale proposed by [70], which is presented in Table 3.




4.2. Fuzzy WASPAS


Fuzzy WASPAS is a hybrid decision-making method that combines two approaches: the Weighted Sum Model (WSM) and the Weighted Product Model (WPM). By incorporating fuzzy logic into the WASPAS method, the approach is well suited to handle situations where the decision criteria and alternatives are subject to uncertainty [71]. In this study, fuzzy WASPAS is employed to prioritize the strategies created to tackle the key barriers. After the prioritization of barriers through fuzzy AHP, strategies are formulated to mitigate these challenges. Fuzzy WASPAS evaluates these strategies by assigning weights based on expert judgments and using fuzzy logic to handle subjective uncertainties. The integration of fuzzy logic into WASPAS not only enhances its capability to handle linguistic uncertainty but also provides flexibility in incorporating varying expert opinions. This adaptability makes it particularly effective for addressing multifaceted challenges in energy transitions, where criteria are often interdependent and dynamic. The combined use of WSM and WPM ensures that both the sum of criteria (additive approach) and their interrelationships (multiplicative approach) are considered, leading to a more comprehensive ranking of strategies. In this study, linguistic variables based on TFNs were used, which are provided in Table 4 [72].



The fuzzy WASPAS method involves a structured approach for decision making, particularly under uncertain conditions [73]. The key steps are as follows:



Step 1. Construct the fuzzy decision matrix:


    A  ~  =          a  ~    11     ⋯       a  ~    1 j     ⋯       a  ~    1 n       ⋮   ⋱   ⋮   ⋱   ⋮         a  ~    i 1     ⋯       a  ~    i j     ⋯       a  ~    i n       ⋮   ⋱   ⋮   ⋱   ⋮         a  ~    m 1     ⋯       a  ~    m j     ⋯       a  ~    m n          ; i =   1 , m  ¯  ,   j =   1 , n  ¯   



(8)







Step 2. Establish the normalized decision-making matrix:


               a  ~    i j         max   i    ⁡      a  ~    i j          i f     max   i    ⁡      a  ~    i j       i s   p r e f e r a b l e ,                min   i    ⁡      a  ~    i j           a  ~    i j        i f       min   i    ⁡      a  ~    i j       i s   p r e f e r a b l e ,           i =   1 , m  ¯  ,   j =   1 , n  ¯   



(9)







Step 3 (i): Create the weighted normalized decision-making matrix         A  ^   ~    x     for the WSM.


        A  ^   ~    x   =            a  ^   ~    11     ⋯         a  ^   ~    1 j     ⋯         a  ^   ~    1 n       ⋮   ⋱   ⋮   ⋱   ⋮           a  ^   ~    i 1     ⋯         a  ^   ~    i j     ⋯         a  ^   ~    i n       ⋮   ⋱   ⋮   ⋱   ⋮           a  ^   ~    m 1     ⋯         a  ^   ~    m j     ⋯         a  ^   ~    m n          ;       a  ^   ~    i j   =       a  ¯   ~    i j       w  ~    j   ,   i =   1 , m  ¯  ,   j =   1 , n  ¯   



(10)







Step 3 (ii). Establish the weighted normalized decision-making matrix         A  ^   ~    y     for the WPM.


        A  ^   ~    y   =            a  ̿   ~    11     ⋯         a  ̿   ~    1 j     ⋯         a  ̿   ~    1 n       ⋮   ⋱   ⋮   ⋱   ⋮           a  ̿   ~    i 1     ⋯         a  ̿   ~    i j     ⋯         a  ̿   ~    i n       ⋮   ⋱   ⋮   ⋱   ⋮           a  ̿   ~    m 1     ⋯         a  ̿   ~    m j     ⋯         a  ̿   ~    m n          ;       a  ̿   ~    i j   =         a  ¯   ~    i j     i j       w  ~    j     ,   i =   1 , m  ¯  ,   j =   1 , n  ¯   



(11)







Step 4. Establish the optimality function values of each alternative:



(i) Based on WSM:


      X  ~    i   =   ∑  j = 1   n          a  ¯   ~    i j     , i =   1 , m  ¯   



(12)







(ii) Based on WPM:


      Y  ~    i   =   ∏  j = 1   n          a  ̿   ~    1 j     , i =   1 , m  ¯   



(13)







      X  ~    i     and       Y  ~    i     are the fuzzy performance measurement results for each alternative:


      X  ~    i   =    1   3    (     X  ~    i α   +     X  ~    i β   +     X  ~    i γ   )  



(14)






      Y  ~    i   =    1   3    (     Y  ~    i α   +     Y  ~    i β   +     Y  ~    i γ   )  



(15)







Step 5. Determine the integrated utility function value for an alternative:


    K   i   = λ   ∑  j = 1   m      X   i   + ( 1 − λ )   ∑  j = 1   m      Y   i       , λ = 0 , … , 1,0 ≤   K   i   ≤ 1  



(16)







Here, λ is based on the following assumptions: all alternative WSM weights should be equal to the total WPM weights.


  λ =      ∑  i = 1   m      Y   i         ∑  i = 1   m      X   i     +   ∑  i = 1   m      Y   i         



(17)







Step 6: Identify the feasible alternatives with the highest value of     K   i    .




4.3. Expert Consultation and Data Collection Process


To ensure the robustness and accuracy of the fuzzy AHP and fuzzy WASPAS methodologies, expert consultation plays a critical role in this study. Experts from various sectors, including energy, policy-making, finance, academia, and digital technology, were selected based on their expertise and experience in the digital energy transition and carbon neutrality efforts in China. The selection of experts was designed to cover a wide range of perspectives, ensuring that the analysis is both comprehensive and reflective of the multidisciplinary nature of the challenges. A total of eight experts were consulted for this study, each with more than 10 years of experience in their respective fields. These experts were carefully chosen to represent a balanced mix of professionals, including two experts from the renewable energy sector, two policy-makers specializing in energy regulations, two financial analysts with experience in green finance, one technology expert specializing in smart grids and digital infrastructure, and one university professor with specialized knowledge in environmental science and sustainable development, adding an academic and research-based viewpoint to the discussions. The data collection process involved a structured survey that was distributed to the experts. The survey focused on gathering their opinions regarding the relative importance of the identified barriers and sub-barriers, as well as their insights into potential strategies to overcome them. The survey used a five-point linguistic scale to capture expert judgments, which were then converted into fuzzy triangular numbers for further analysis. Additionally, a series of interviews and focus group discussions were conducted to clarify any ambiguities for the experts’ perspectives on digital energy transition barriers. The combination of quantitative survey data and qualitative insights from discussions allowed for a richer understanding of the issues at hand. Once the data were gathered, the pairwise comparisons provided by the experts were used to construct fuzzy comparison matrices for both the fuzzy AHP and fuzzy WASPAS analyses.





5. Results and Discussion


The analysis of barriers and strategies for overcoming challenges in China’s digital energy transition provides critical insights into the most pressing issues hindering progress toward carbon neutrality. Using the fuzzy AHP and fuzzy WASPAS methodologies, this study has systematically identified, prioritized, and evaluated both the barriers and the strategies aimed at overcoming them. The expert input collected throughout this study helped to capture a broad range of perspectives. The subsequent sections detail the specific results obtained through the fuzzy AHP and fuzzy WASPAS analyses. First, the fuzzy AHP results provide insights into the prioritization of barriers, highlighting the most critical challenges that need to be addressed. Following that, the fuzzy WASPAS results rank the strategies based on their effectiveness in overcoming these barriers, offering a clear direction for policy-makers and stakeholders involved in the transition.



5.1. Fuzzy AHP Results (Barriers)


Figure 2 displays the barriers and sub-barriers in the hierarchical order.



Stakeholder and governance barriers (B1) emerged as the highest-ranked barrier, with a weight of 0.229. This highlights the complexity of coordinating multiple stakeholders in the digital energy sector, including government agencies, private companies, and civil society groups. The lack of effective coordination, coupled with issues such as corruption and conflicting interests between the public and private sectors, severely hinders progress. These governance challenges create inefficiencies and delays in project implementation, which, in turn, slow down the adoption of new technologies and policies necessary for a successful energy transition. Closely following in second place is the regulatory and policy barriers (B2), with a weight of 0.224. This barrier reflects the significant regulatory hurdles that arise from regional inconsistencies, delayed policy implementation, and the lack of clear technology standards. These challenges lead to confusion and inefficiencies, as businesses and local governments struggle to navigate differing regulations across regions. The slight difference in weight between governance and regulatory barriers suggests that while both are critical, the governance challenges take precedence due to their direct impact on how regulations are interpreted and enforced at the local level. Ranked third with a weight of 0.204 is financial constraints (B4). The relatively high ranking of financial challenges indicates that high capital costs, uncertain returns on investment (ROIs), and limited access to green finance are substantial barriers to the digital energy transition. Many projects in the digital energy space require significant upfront investment, and without sufficient financial incentives or funding mechanisms, the risk for private investors remains high. The limited availability of green finance further exacerbates this issue, highlighting the need for more innovative financial tools and government-backed incentives to encourage investment in digital energy infrastructure.



Technological barriers (B3) are ranked fourth, with a weight of 0.182. Despite the advances in technology, China still faces significant challenges in terms of digital infrastructure and the integration of renewable energy into the grid. Issues such as system incompatibility, cybersecurity risks, and a lack of digital infrastructure are holding back the transition. Finally, social and behavioral barriers (B5), with a weight of 0.162, were ranked the lowest among the barriers. This suggests that while public awareness, workforce skills, and resistance from traditional energy companies are significant challenges, they are seen as less critical compared to governance, regulatory, financial, and technological barriers. However, the relatively lower ranking does not diminish their importance, as these social and behavioral issues must be addressed to ensure widespread acceptance of new technologies and to build the capacity required for a smooth transition. Table 5 provides a ranking of the barriers and their respective weights, offering a roadmap for prioritizing action in the coming years.




5.2. Fuzzy AHP Results (Sub-Barriers)


The analysis of sub-barriers provides a detailed view of the specific challenges within each main barrier category that significantly impact the digital energy transition in China. Through fuzzy AHP evaluation, sub-barriers under each primary barrier were ranked according to their weights, reflecting the intensity of their influence on delaying or complicating progress toward carbon neutrality.



5.2.1. Sub-Barrier Result Under Stakeholder and Governance Barriers (B1)


The results for the sub-barriers under B1 > B2 > B3 > B4 > B5 are summarized in Table 6 and show that poor stakeholder coordination (B11) ranks highest with a weight of 0.275. This indicates the significant challenge of aligning various stakeholders, governments, private companies, and communities in the digital energy transition. Effective coordination is critical to avoid project delays and misaligned efforts. Next, corruption in projects (B12), with a weight of 0.265, highlights how corruption undermines project execution, leading to inefficiencies, misuse of funds, and eroded public trust. Tackling corruption through increased transparency and stricter governance measures is essential to improve project outcomes. Central and local government misalignment (B13) follows closely with a weight of 0.258, emphasizing the difficulties in aligning national goals with local priorities, which can cause delays or resistance to policy implementation. Finally, conflicting public–private interests (B14), at 0.202, reflect the tension between sustainability goals and private sector profitability, stressing the need for stronger public–private collaboration and aligned incentives.




5.2.2. Sub-Barrier Result Under Regulatory and Policy Barriers (B2)


The lack of technology standards (B22) is the most significant issue, with a weight of 0.266, indicating that the absence of standardized protocols hinders effective technology deployment and integration. Establishing clear standards is essential for ensuring interoperability and fostering innovation. Regional regulatory inconsistencies (B21), with a weight of 0.263, create confusion for businesses and complicate compliance, further delaying project implementation. Delayed policy implementation (B23), at 0.259, highlights the need for the timely execution of policies to build investor confidence and facilitate technology adoption. Lastly, political and bureaucratic inefficiencies (B24), with a weight of 0.212, point to cumbersome processes that can stall important projects. Addressing these regulatory barriers is crucial for a successful digital energy transition in China.




5.2.3. Sub-Barrier Result Under Technological Barrier (B3)


The lack of digital infrastructure (B31) ranks highest with a weight of 0.255, highlighting the critical need for robust infrastructure to support advanced technologies essential for efficient energy management. Strengthening this infrastructure is vital for enabling effective data flow and real-time monitoring. Following closely is incompatibility with current systems (B32), with a weight of 0.254. This issue poses challenges in integrating new technologies with existing frameworks, potentially disrupting operations and reducing efficiency. The third-ranked sub-barrier, cybersecurity and data risks (B33), weighted at 0.251, highlights the importance of safeguarding sensitive energy data from cyber threats, ensuring both operational integrity and public trust. Lastly, low renewable energy integration (B34), with a weight of 0.240, indicates the challenges of incorporating renewable sources into the energy grid. Addressing these technological barriers is essential for facilitating a successful and secure digital energy transition in China.




5.2.4. Sub-Barrier Result Under Financial Constraints (B4)


The foremost issue is high capital costs (B41), with a weight of 0.383, indicating that significant upfront investment requirements can deter stakeholders from pursuing innovative energy projects. This barrier emphasizes the necessity for financial mechanisms to lower entry costs and encourage investment. Following closely is the sub-barrier of uncertain return on investment (B42), with a weight of 0.380. The lack of clarity around potential returns can lead to hesitance among investors, limiting funding for essential digital energy initiatives. Lastly, limited access to green finance (B43), with a weight of 0.238, reflects the challenges faced by stakeholders in securing necessary financial support for sustainable projects. Addressing these financial constraints is crucial for facilitating the investments required to advance the digital energy transition in China.




5.2.5. Sub-Barrier Result Under Social and Behavioral Issues (B5)


The most pressing issue is low public awareness (B51), which ranks highest with a weight of 0.412. This stresses the critical need for increased education and outreach efforts to inform the public about the benefits of digital energy solutions and carbon neutrality. Raising awareness is essential for fostering public support and participation in the transition. The second-ranked sub-barrier, workforce skills gap (B52), holds a weight of 0.364. This indicates that a shortage of skilled workers in emerging digital technologies can hinder implementation and innovation. Addressing this gap through targeted training and education programs is vital for equipping the workforce with the necessary skills to drive the transition forward. Lastly, resistance from traditional companies (B53), with a weight of 0.224, highlights the challenges posed by established businesses that may be hesitant to adapt to new technologies or practices. Overcoming this resistance is crucial for ensuring collaboration and facilitating the broader acceptance of digital energy solutions. Tackling these social and behavioral barriers is essential for achieving a successful transition to a sustainable energy future in China.





5.3. Overall Sub-Barrier Result (B11–B53)


The comprehensive analysis of overall sub-barriers reveals the hierarchical challenges affecting China’s digital energy transition, which is provided in Table 7.



Starting with high capital costs (B41) at 0.07813, this sub-barrier highlights the substantial financial investment needed for digital energy projects, which remains a primary concern for stakeholders. Closely following is uncertain return on investment (B42), weighted at 0.07752, indicating that ambiguity around potential financial returns discourages investment in innovative technologies. Low public awareness (B51) ranks next with a weight of 0.06674, emphasizing the need for effective outreach to educate the public about the benefits of digital energy solutions. The workforce skills gap (B52), with a weight of 0.05896, points to the necessity of enhancing training programs to develop the required expertise in the workforce. In the regulatory domain, lack of technology standards (B22) is significant, with a weight of 0.05958, illustrating the challenges posed by inconsistent guidelines that complicate technology integration. Regional regulatory inconsistencies (B21) follow closely at 0.05891, further reflecting the complexities arising from differing regulations across regions.



Delayed policy implementation (B23) and political and bureaucratic inefficiencies (B24), weighted at 0.05801 and 0.04748, respectively, highlight the urgent need for the timely execution of policies and streamlined bureaucratic processes to facilitate progress. In terms of technological challenges, lack of digital infrastructure (B31) weighs in at 0.04641, indicating that inadequate infrastructure is a significant obstacle to the effective deployment of digital technologies. Additionally, incompatibility with current systems (B32), cybersecurity and data risks (B33), and low renewable energy integration (B34), with weights of 0.04622, 0.04568, and 0.04368, respectively, further complicate the landscape by preventing smooth transitions to digital frameworks. Finally, poor stakeholder coordination (B11), corruption in projects (B12), and other sub-barriers rank lower, revealing areas that require attention but may be less immediate compared to the highest-ranked challenges.




5.4. Strategies to Overcome the Barriers to the Digital Energy Transition


The results from the fuzzy WASPAS analysis highlight the most effective strategies for overcoming the barriers to digital energy transition in China, ranked by their     K   i     values. The highest-ranked strategy is enhancing public awareness and capacity-building programs, with a     K   i     value of 0.0961. This strategy is fundamental to driving the digital energy transition, as increasing public understanding of the benefits of digital energy technologies is essential for fostering widespread adoption. Lack of awareness was identified as a critical social and behavioral barrier, and this strategy directly addresses that issue. By informing and educating the public, these programs help create a supportive environment for policy changes and technological implementations, while also reducing resistance from traditional energy companies and other stakeholders. Strengthening anti-corruption measures and governance, ranked second with a     K   i     of 0.0917, addresses a key governance challenge in the digital energy transition. Corruption in projects and poor governance were identified as significant barriers, leading to inefficiencies and the misallocation of resources. By reinforcing anti-corruption frameworks and improving governance, this strategy aims to enhance project transparency and accountability, ensuring that financial investments and resources are used effectively. Improved governance also builds trust among stakeholders, attracting further investments and facilitating smoother project implementation.



Increasing investment in green finance, with a     K   i     value of 0.0626, ranks third and is crucial for overcoming financial constraints. High capital costs and uncertain ROI were among the top financial barriers identified in earlier analyses, making increased investment in green finance an essential step. This strategy seeks to mobilize the financial resources needed to develop advanced digital energy infrastructure and adopt innovative technologies. Green finance mechanisms, such as green bonds and sustainable investment funds, can provide crucial funding while lowering the risk for investors. Without sufficient financial backing, many digital energy projects could stall, highlighting the importance of expanding access to green finance. Establishing national digital energy standards and policies, with a     K   i     of 0.0587, ranks fourth. This strategy is vital for harmonizing regulations, reducing inconsistencies across regions, and providing a clear framework for technology integration, which will help streamline the transition. Developing advanced digital infrastructure ranks fifth, with a     K   i     of 0.0457. A robust digital infrastructure is necessary for supporting new energy technologies, and without it, the transition could face delays and inefficiencies. Lastly, promoting public–private partnerships (PPPs), with a     K   i     of 0.0424, ranks sixth. While PPPs can provide valuable resources and expertise, aligning public and private interests can be challenging. Despite its lower ranking, this strategy still holds potential for fostering collaboration across sectors, especially in mobilizing financial and technical support for digital energy projects. Table 8 shows the final ranking results taken from fuzzy WASPAS.




5.5. Discussion


The findings of this study highlight the multifaceted barriers and strategies associated with the digital energy transition in China, providing valuable insights into how these challenges can be overcome to achieve carbon neutrality. The analysis of barriers using the fuzzy AHP method identified key obstacles such as stakeholder coordination issues, financial constraints, and technological gaps. The stakeholder and governance barriers were the top-ranking obstacles, highlighting issues such as poor coordination, corruption, and central–local government misalignment. These findings align with prior studies emphasizing that effective governance and well-coordinated leadership are crucial for aligning stakeholder interests and reducing conflicts [74,75], while financial constraints primarily stem from high capital costs and uncertain ROI, both significant barriers to large-scale energy transitions. This finding highlights the need for secure and incentivized funding avenues, such as green finance and public–private partnerships, to address the financial challenges of adopting digital technologies [76]. Technological limitations, including insufficient infrastructure and cybersecurity concerns, also ranked highly, reinforcing the importance of robust digital systems for supporting smart energy solutions [77]. Low public awareness and a workforce skills gap indicate that broader engagement and education are essential for the sustained adoption of digital energy solutions, echoing research stressing the importance of public support in sustainable initiatives [55].



The fuzzy WASPAS analysis of strategies offers practical solutions to these barriers, with enhancing public awareness and capacity-building programs ranked as the most effective approach. This result resonates with recent research by [78], who stressed that public engagement is crucial in advancing the digital energy agenda. As digital technologies and renewable energy sources become more integrated into the energy system, educating the public about their benefits and training the workforce on these new technologies will be essential for achieving a smooth transition. Governance reforms, particularly the strengthening of anti-corruption measures, were also ranked highly in the strategies. This is consistent with previous studies, such as [79], which argues that governance issues, including corruption and lack of transparency, can hinder the progress of large-scale energy projects. Financial constraints, identified as a critical barrier, have also been frequently highlighted in the literature. A study by [80] emphasized the importance of increasing green finance investments to overcome the high capital costs associated with digital infrastructure development. In addition to financial and governance strategies, establishing national digital energy standards and policies was ranked as a vital step in overcoming regulatory barriers. The absence of uniform standards has been noted by several scholars [81], who argue that without a cohesive regulatory framework, efforts to implement digital energy technologies across regions will face delays and inconsistencies.



Moreover, the implications of these findings extend beyond the academic sphere, offering practical insights for policy-makers, industry leaders, and other key stakeholders in advancing digital energy transitions. The identification of governance and financial barriers highlights the need for targeted interventions, such as strengthening policy frameworks and enhancing green finance mechanisms, to facilitate large-scale digital technology adoption. Public awareness and capacity-building efforts are essential for fostering widespread acceptance and ensuring the workforce is adequately prepared for the digital energy future. For industry leaders, the findings emphasize the importance of aligning technological advancements with strategic governance reforms and investment in digital infrastructure. By addressing these practical considerations, China can not only enhance its digital energy capabilities but also set a model for other nations aiming for carbon neutrality through digital transformation.





6. Conclusions and Policy Implications


This research aimed to identify and analyze the key barriers to the digital energy transition in China and to provide actionable strategies for overcoming these obstacles to achieve carbon neutrality. Through the fuzzy AHP method, this study identified stakeholder and governance barriers as the top challenges, emphasizing issues like poor coordination and corruption. Financial constraints followed closely, with high costs and uncertain returns slowing progress. Technological challenges, such as inadequate infrastructure, also played a key role, showing the need for better systems to support the digital energy transition. The subsequent fuzzy WASPAS analysis highlighted the most effective strategies, with enhancing public awareness, strengthening governance, and increasing green finance emerging as critical solutions. These findings demonstrate the multifaceted nature of the digital energy transition, where overcoming barriers requires coordinated efforts across governance, finance, technology, and social dimensions. The results emphasize that while technological advancements and financial investments are essential, governance reforms and public engagement are equally important. The digital energy transition is not merely a technical challenge but a systemic one that requires the active involvement of various stakeholders, from government agencies to the private sector and the public. Implementing the strategies identified in this study can help China move closer to its carbon neutrality goals, contributing to global efforts to mitigate climate change.



6.1. Policy Implications


The findings of this study highlight several critical areas where policy interventions can accelerate the digital energy transition and address the identified barriers. Strengthening governance and anti-corruption measures is crucial, as poor stakeholder coordination and corruption were significant barriers. Policies aimed at improving transparency and accountability in energy projects can help ensure the better allocation of resources and build trust among stakeholders. Enhancing public awareness and workforce capacity is also essential. The high ranking of public awareness as a barrier points to the need for policies that focus on educating the public about the benefits of digital energy and training the workforce in relevant technologies. Capacity-building programs can ensure that the workforce is equipped with the necessary skills to support the energy transition. In terms of finance, promoting green finance mechanisms is necessary to overcome financial constraints. Policies that encourage the development of green bonds, carbon credits, and other sustainable finance options can attract private investment and ease the financial burden on public funding for digital energy projects. Additionally, establishing uniform regulatory standards across regions is critical to addressing regulatory inconsistencies. A cohesive national framework for digital energy development would streamline efforts, reduce regional disparities, and provide a clearer path for investment and implementation. Lastly, encouraging public–private partnerships (PPPs) can help bridge the gap between government initiatives and private sector innovation. By facilitating collaboration between these sectors, policy-makers can leverage the strengths of both, fostering innovation and investment in digital energy solutions.




6.2. Limitations and Future Research


This study provides valuable insights, but it also has several limitations that future research can address. First, the research primarily focused on barriers and strategies within the context of China, limiting the generalizability of the findings to other countries with different political, economic, and technological landscapes. Future studies should conduct comparative analyses between countries or regions to identify global best practices. Second, while the fuzzy AHP and fuzzy WASPAS methods are effective in handling complex decision making under uncertainty, they have certain limitations. These methods rely heavily on expert inputs for weighting criteria and assessing alternatives, which can introduce bias or subjectivity. Additionally, the process of fuzzification may oversimplify complex relationships among variables, potentially affecting the precision of results. Future studies could explore integrating alternative or hybrid methodologies, such as machine learning or dynamic simulation models, to validate and complement findings from fuzzy approaches. Moreover, incorporating a larger and more diverse sample of experts could enhance the reliability of the findings. Lastly, this research focused on current barriers and strategies. Future studies should explore the long-term impacts of emerging technologies, such as artificial intelligence and blockchain, on the digital energy transition. Further research could also investigate the role of consumer behavior in shaping energy demand and the adoption of digital energy solutions. These areas hold potential for deeper exploration as digital energy transitions evolve in the coming years.
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Figure 1. Comprehensive framework. 
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Figure 2. Hierarchical structure of barriers and sub-barriers. 
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Table 1. Evaluation of barriers and sub-barriers.
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Main Barrier

	
Sub-Barriers

	
Description






	
Stakeholder and governance barriers (B1)

	
Poor stakeholder coordination (B11)

	
Insufficient collaboration among government, private sector, and communities leads to fragmented efforts in digital energy projects [39].




	
Corruption in projects (B12)

	
Corruption and mismanagement of funds hinder effective project execution and resource allocation [40].




	
Central and local government misalignment (B13)

	
Mismatches between central and local government priorities lead to conflicts and delays in policy implementation [41,42].




	
Conflicting public–private interests (B14)

	
Different goals between public entities and private companies create barriers to cohesive project execution [43].




	
Regulatory and policy barriers (B2)

	
Regional regulatory inconsistencies (B21)

	
Variations in regulations between regions cause inconsistencies in the implementation of digital energy technologies [44].




	
Lack of technology standards (B22)

	
The absence of standardized guidelines for digital energy creates confusion and hampers adoption across the energy sector [45].




	
Delayed policy implementation (B23)

	
Slow and fragmented policy execution, particularly at the local level, stalls the transition to digital energy systems [46].




	
Political and bureaucratic inefficiencies (B24)

	
Bureaucratic delays and lack of political will obstruct the smooth rollout of digital energy initiatives [9].




	
Technological barrier (B3)

	
Lack of digital infrastructure (B31)

	
Inadequate development of smart grids, IoT, and AI-based systems needed for digital energy transformation [47,48].




	
Incompatibility with current systems (B32)

	
Existing energy systems, primarily fossil-based, are not equipped to integrate with advanced digital technologies [49].




	
Cybersecurity and data risks (B33)

	
Digital energy systems are vulnerable to cyber-attacks, and there are concerns over data privacy and security protocols [50,51].




	
Low renewable energy integration (B34)

	
Limited capacity to efficiently incorporate renewable energy sources into digital energy grids, slowing progress [52].




	
Financial constraints (B4)

	
High capital costs (B41)

	
Significant upfront investments in technology and infrastructure create financial barriers for stakeholders [9].




	
Uncertain return on investment (ROI) (B42)

	
Unclear or delayed financial returns on digital energy projects make private sector investment less attractive [53].




	
Limited access to green finance (B43)

	
Difficulty in securing funds from green finance initiatives, including green bonds and sustainable investments [54].




	
Social and behavioral barriers (B5)

	
Low public awareness (B51)

	
Public understanding of digital energy benefits is low, leading to limited adoption and support for new technologies [55].




	
Workforce skills gap (B52)

	
The energy workforce lacks the digital skills needed to manage and maintain advanced energy technologies [56,57].




	
Resistance from traditional companies (B53)

	
Traditional energy companies often resist the transition to digital technologies due to concerns about profitability and control [48,58].











 





Table 2. TFN scale [69].
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	Number
	Linguistic Variables
	TFNs





	1
	Just equal
	(1, 1, 1)



	2
	Equally important
	(0.5, 1, 1.5)



	3
	Weakly important
	(1, 1.5, 2)



	4
	Strongly important
	(1.5, 2, 2.5)



	5
	Very strongly important
	(2, 2.5, 3)



	6
	Extremely preferred
	(2.5, 3, 3.5)










 





Table 3. RI scale.
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	n
	RIm
	RIg





	1
	0
	1



	2
	0
	2



	3
	0.4890
	0.1796



	4
	0.7937
	0.2627



	5
	1.0720
	0.3597



	6
	1.1996
	0.3818



	7
	1.2874
	0.4090



	8
	1.3410
	0.4164



	9
	1.3793
	0.4348



	10
	1.4095
	0.4455










 





Table 4. Linguistic variables for the ratings.
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	Code
	Linguistic Variable
	TFN





	1
	Very poor (VP)
	(0, 0, 1)



	2
	Poor (P)
	(0, 1, 3)



	3
	Medium poor (MP)
	(1, 3, 5)



	4
	Fair (F)
	(3, 5, 7)



	5
	Medium good (MG)
	(5, 7, 9)



	6
	Good (G)
	(7, 9, 10)



	7
	Very good (VG)
	(9, 10, 10)










 





Table 5. Results of the main barriers using fuzzy AHP.
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	Barrier
	Weight
	