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Abstract


The transition toward sustainable energy systems remains challenging as conventional energy still dominates despite environmental and security concerns. Integrated Energy Services (IES) provide a promising mechanism by optimising energy planning, operation, and delivery through integrated solutions. While previous studies have emphasized technological or policy aspects of IES, little is known about how consumers’ cognition and perceptions shape their acceptance of IES. This study investigates how awareness of conventional energy drawbacks and recognition of IES advantages influence acceptance by surveying 450 households in Beijing, Tianjin, and Shanghai. Descriptive statistics, Spearman’s correlation, and mediation analysis were employed to identify key behavioral pathways. Results reveal that planning and design influence service performance through operation and maintenance, and service efficiency affects price acceptance through perceived service quality. City-level analysis shows that Beijing residents emphasize reliable planning and operations, Tianjin respondents focus on efficiency and responsiveness, while Shanghai consumers place the greatest importance on service quality and fairness. These findings provide new insights into the consumer-level mechanisms of IES acceptance and offer practical guidance for tailoring city-specific strategies to enhance IES implementation and support China’s low-carbon transition.
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1. Introduction


The global energy system is rapidly transforming from conventional energy to cleaner and low-carbon alternatives [1]. The first major driver of this transformation is environmental pressure. The extensive use of coal, oil, and other conventional energy sources has resulted in severe air pollution and greenhouse gas emissions, further intensifying climate change [2]. In response, countries around the world have set emission-reduction targets and are promoting a transition toward greener and more sustainable energy structures [3]. A second driver is the growing concern for energy security. Conventional energy resources are finite and unevenly distributed, which exposes many countries to supply risks. In contrast, renewable resources such as wind and solar are abundant and widely available, making them more reliable for ensuring energy security [4,5]. The third driver relates to economic competitiveness. With technological advances and economies of scale, the cost of renewable energy generation has fallen significantly. In many regions, wind and solar power are now cheaper than conventional energy sources, making clean energy an increasingly attractive option [6].



Although the energy transition is progressing, data from 2020 to 2024 showed that conventional energy still dominates the global energy structure in terms of both total consumption and share [7]. According to reports by the International Energy Agency (IEA) and the Global Carbon Project, energy-related carbon dioxide emissions increased from 30.6 Gt in 2020 to 36.8 Gt in 2022, with further growth recorded in 2023 (37.4 Gt). The carbon dioxide emissions reach 37.8 Gt in 2024, setting a new historical record [8,9]. Conventional energy (such as coal, oil, and natural gas) made up about 81.5% of global energy consumption in 2023, and this share shows little sign of decline from 82% in 2022 [10]. In addition, global environmental degradation is increasingly driven by greenhouse gas emissions from industrial and transportation sectors, which together account for over two-thirds of total global emissions. Carbon-rich fuels, including petroleum, coal, and natural gas, respectively, supply approximately 36%, 27%, and 23.4% of the world’s total energy demand. Their combustion releases nearly 21.3 billion tons of carbon dioxide annually, making carbon dioxide the principal contributor to global warming [11,12]. According to Wiatros-Motyka (2023), conventional energy remains the primary source of energy for critical sectors such as electricity generation, industry, and transportation [13].



Conventional energy systems that rely heavily on fossil fuels face growing challenges due to environmental degradation, volatile supply chains, and escalating operational costs [14]. These systems are characterized by centralized generation, high transmission losses, and limited adaptability to fluctuating energy demand, resulting in low end-use efficiency and significant maintenance expenses associated with aging infrastructure [15]. In contrast, integrated energy services (IES) introduce a decentralized, service-oriented, and digitalized model that integrates multiple energy sources to achieve optimal efficiency and sustainability [16,17]. By coupling electricity, heat, cooling, and gas through digital control platforms, IES enhances operational coordination, reduces energy redundancy, and facilitates renewable energy integration [18]. IES also demonstrates a distinct cost structure: although it requires relatively high initial capital investment, it achieves substantial long-term savings through lower operation, maintenance, and transmission costs [19]. Empirical analyses further show that IES reduces carbon intensity while improving local air quality and system resilience [20]. IES represents a paradigm shift from resource consumption to value-added energy services, aligning with global trends toward carbon neutrality and sustainable urban development [21]. This transformation underscores the importance of consumers’ perception and acceptance of IES is crucial in achieving equitable and effective energy transitions. Therefore, a deeper understanding of how consumers perceive and respond to these evolving energy service models becomes essential for ensuring that the transition from conventional to integrated systems achieves both technical and social effectiveness.



Over the past decade, research on IES has evolved from technical system optimization toward broader market and behavioral perspectives. Early studies focused on multi-energy coupling and operational optimization to improve efficiency and reduce transmission losses [22,23,24,25]. Later work incorporated policy and institutional analysis, examining how government incentives and market reforms have guided IES implementation across different national contexts [26,27]. More recently, scholars have begun to emphasize consumer participation and social acceptance as key determinants of IES performance [28,29]. Despite these advances, empirical research on consumer perceptions and behavioral mechanisms across cities under unified policy frameworks remains limited, highlighting the need to understand IES as both a technological innovation and a social process shaped by user experience and interaction. The core concept of IES is to optimise the energy chain from production and transmission to storage and consumption by integrating multiple energy sources, renewable and non-renewable, with the support of intelligent control technologies [30,31]. Compared with conventional single-energy supply models, IES offers distinct advantages, including multi-energy coordination, demand-oriented response, and low-carbon orientation, which help improve energy efficiency and reduce carbon emissions [32]. IES has developed into diversified service models, including energy efficiency improvement services, integrated energy supply solutions, and intelligent energy management platforms [33]. Policy support, technological advancement, and market demand drive IES’ rapid growth [34]. In the European Union, smart energy communities integrate distributed renewable generation with district heating systems, achieving up to 25% efficiency improvement compared with conventional grids [35,36]. Japan and the United States have adopted technology-driven models emphasizing intelligent energy management for demand-response optimization [37,38]. In contrast, China’s IES development has been primarily government-oriented, focusing on large scale demonstration zones and integration of digital control with multi-energy supply to advance its dual carbon goals [39,40]. China’s 14th Five-Year Plan calls for constructing a modern energy system and identifies IES as a key pathway to achieving the country’s dual carbon goals [41]. In support of this agenda, China’s standard Guidelines for Evaluation of Contract Energy Management Services (GB/T 40010-2021) was introduced to regulate service evaluation frameworks [42]. Meanwhile, the China National Energy Administration launched the 100 smart energy demonstration projects initiative in 2021, focusing on pilot projects that showcase digital technologies, renewable integration, and smart energy management [43]. Against this policy backdrop, the government selected certain areas within cities as pilot areas for IES to explore replicable and scalable development models, unleashing the potential of IES in driving urban energy transition [44,45,46].



Current research on IES still has room for further development, particularly in understanding consumer behavioural mechanisms. Most existing studies focused on technological integration, service models, or macro-level policy design, while paying limited attention to how consumers’ awareness of the limitations of conventional energy sources translates into evaluation and acceptance of IES [47,48]. The lack of empirical evidence supporting this linkage hinders our comprehension of how policy intentions reach end consumers [49,50]. In addition, although IES pilot programmes have been implemented simultaneously in multiple cities, few studies have taken advantage of contexts where the pilots operate under a unified national policy and share broadly comparable population profiles. However, empirical evidence remains limited regarding how consumers perceive and accept IES within unified policy frameworks, and how such acceptance differs across cities. This study contributes to the literature by introducing a government-oriented IES framework by linking cognition, service capability, and satisfaction under China’s latest policies. As a result, the potential behavioural mechanisms behind consumers’ acceptance of IES under a unified policy framework remain underexplored. These gaps have limited our understanding of how IES policies function at the consumer level and hindered efforts to identify directions and actionable pathways for service improvement [51,52].



This study aims to explicate how consumers’ awareness of the disadvantages of conventional energy and recognition of the advantages of IES shape consumer acceptance under a unified national policy setting. By linking consumer cognition with service performance, this study bridges the gap between policy objectives and end-user experiences. Specifically, it seeks to clarify the behavioral mechanisms underlying consumer acceptance of IES within the context of pilot areas, thereby contributing to a deeper understanding of how policy intentions are transmitted to the consumer level and providing insights for improving service design and delivery. The findings are expected to inform the refinement of IES.




2. Materials and Methods


2.1. Study Area Description


This study focuses on three urban areas located in Beijing, Tianjin, and Shanghai, all of which have been designated as pilot areas for IES under national policy initiatives. As shown in Figure 1, these areas are geographically distributed across northern and eastern China, providing representative areas for IES analysis. The selection of these areas is grounded not only in their roles as government-designated pilots but also in their shared institutional and socio-economic features. At the policy level, all three municipalities operate under the overarching framework of China’s 14th Five-Year Plan, which serves as the highest-level guideline shaping local energy and urban development strategies. Similarly, the IES White Papers released by national authorities provide the design and implementation blueprint for local-level energy transition policies, ensuring that pilot programmes follow a consistent strategic orientation [27]. At the demographic level, Beijing, Tianjin, and Shanghai are all centrally administered municipalities, directly governed by the central government. This status grants them similar governance structures, urban administrative hierarchies, and a high degree of policy implementation capacity, leading to broadly comparable sociodemographic characteristics such as population size, urbanisation levels, and household structures [53,54,55]. At the economic level, all three municipalities are characterised by service-oriented economies, dense residential populations, and diversified urban industries, reflecting a shared pattern of urban consumption and energy demand [56,57]. Together, these commonalities establish a stable foundation for IES analysis, as differences observed across the three areas are less likely to arise from structural disparities in governance, demographics, or economic base, and more likely to reflect genuine variations in consumer perception and acceptance of IES [58].



Detailed attributes of the selected study areas are summarised in Table 1. These data show that the pilot districts (Low Carbon Park in Beijing, Jinzhong Street in Tianjin, and Zhangjiang Town in Shanghai) are medium-sized urban communities with populations between 70,000 and 110,000. These districts’ economies are dominated by service-related activities, and residential groups form the main population type. The survey was conducted in 2024, with a three-month collection period in study areas. Such demographic scale and economic structure are typical of Chinese urban communities, providing a concrete and representative context [59].




2.2. Survey Instrument


The design of this survey instrument was structured based on the China Statistical Yearbook (2024), supplemented by the China Energy Transformation White Papers (2024) and China’s standard GB/T 40010-2021 [27,41,55]. The questionnaire consisted of four sections, i.e., social demographics, awareness of energy conservation, perceptions of IES providers’ capabilities, and satisfaction level of IES. The socio-demographic section consists of gender, marital status, age group, educational level, occupation, and monthly income [60]. Beyond basic demographic attributes, the remaining 46 indicators were designed to capture how respondents perceive and evaluate different dimensions of IES provision. These indicators collectively reflect the technical, operational, and service quality of IES, providing a structured basis for linking consumer perceptions with overall acceptance. The selected indicators (gender, age, education level, occupation, marital status, and monthly income) were consistent with established academic practices and nationally recognised statistical classifications [27,61,62]. Based on the guidelines outlined in China Energy Transformation White Papers (2024), the second part of the questionnaire was designed to capture awareness of energy conservation [27]. This section was divided into two dimensions. Conventional Energy Disadvantages (CED) reflects consumers’ awareness of the drawbacks of conventional energy use, including environmental pollution, the limited and unsustainable nature of reserves, and the generation of greenhouse gas emissions leading to global warming. IES Advantages (IESA) captures consumers’ recognition of the benefits of IES. It reflects perceptions that IES integrates renewable energy, improves energy efficiency, and reduces dependence on conventional energy, thereby lowering greenhouse gas emissions and air pollution.



The design of the perception of IES providers’ capabilities and consumer satisfaction with IES is grounded in China’s standard GB/T 40010-2021. This standard specifies the key domains for assessing energy service performance, including consumer satisfaction, technical service provision, operational support, pricing, and communication mechanisms. Building on this guideline, the perception of IES providers’ capabilities was structured into three elements, i.e., planning and design (PAD), operation and maintenance (OAM), and Service Performance (SPE). PAD assesses the capacity of IES providers to design effective energy systems and reflects perceptions of technical competence, the inclusion of respondents’ input in project planning, and the ability to ensure both reliable and secure energy supply. OAM evaluates the transparency and reliability of IES operations, including the availability of pricing information, operational and maintenance guidelines, and conservation measures. SPE shows how IES providers deliver services, including billing transparency, service notifications, system updates, consultation, feedback channels, and environmentally friendly practices.



The consumer satisfaction with IES was also structured into three elements, i.e., service efficiency (SEF), service quality (SQU), and system and price (SAP). SEF assesses the responsiveness of IES providers and reflects perceptions of service ability to deliver timely feedback, maintain proactive and friendly communication, and ensure that energy problems are resolved attentively within a short period of time. SQU shows the overall quality of services and the perceptions of providers’ capacity to offer multi-channel feedback mechanisms, rely on well-trained staff, provide effective consulting services, and maintain a stable energy supply. SAP assesses the accessibility and fairness of the service system and reflects perceptions of its clear and consumer-friendly interface, ease of use, reasonable pricing, and the availability of service guidelines that are visually appealing and easy to understand. Each element reflects the corresponding dimensions of the national standard, ensuring that the items are consistent with authoritative evaluation frameworks.



In survey-based studies, determining an appropriate sample size is essential to ensure that the results are statistically reliable and representative of the target population [63,64]. The minimum required sample size was calculated using Cochran’s formula for sample size estimation:


        n   0   =      Ζ   2   × ρ ×   1 − ρ       e   2       



(1)




where Ζ = 1.96 corresponds to a 95% confidence level, ρ = 0.5 is the estimated proportion of the population, and e = 0.05 is the margin of error. The sample size for this study was initially calculated as 384 using Cochran’s formula. To enhance statistical power and reduce potential bias, the final sample was expanded to 450 respondents [64,65]. A total of 450 valid responses were distributed across the three pilot cities in proportion to their population sizes (Beijing = 105, Tianjin = 162, Shanghai = 183). Prior to the formal survey, the questionnaire underwent validity checking and reliability testing to confirm that the items accurately captured the intended constructs and that responses were internally consistent and stable across measurements [66,67].




2.3. Data Collection


A stratified systematic sampling method was adopted to select respondents from households in Beijing, Tianjin, and Shanghai. Stratification ensured that different types of residential areas were represented, while systematic sampling provided consistent spacing for household selection and minimised the risk of sample clustering [68,69]. This approach was particularly suitable because households in the study areas are randomly distributed and clearly numbered, which allowed the construction of a structured and transparent sampling frame [70]. The simplicity and efficiency of systematic sampling also enabled large household populations to be covered with reduced operational complexity, as only a random starting point and fixed interval were required to determine the sample [71]. Since no obvious patterns exist in the distribution of dwellings across strata, systematic selection reduced the likelihood of concentration or bias, thereby enhancing representativeness and improving the generalisability of results [72]. In practice, the sampling interval within each stratum was determined by dividing the total number of households by the required sample size, and a random starting point was generated to initiate selection [73]. This ensured that all households had an equal probability of inclusion while maintaining efficiency in large residential areas [74]. By combining stratification with systematic selection, the method ensured balanced coverage of different urban settings while maintaining efficiency, ultimately increasing the accuracy and reliability of the study [75,76,77].




2.4. Data Analysis


The data analysis framework outlined the overall analytical pathway adopted in this study, which connected descriptive statistics, correlation analysis, and mediation analysis to explain how consumer awareness and perceptions were transformed into acceptance of IES (see Figure 2). Descriptive statistics were first applied to summarise the characteristics of the survey data and provide an overview of the distribution patterns of key variables [78]. This included presenting the socio-demographic attributes of respondents (gender, marital status, age, occupation, education level, and monthly income) across the study areas. In addition, descriptive analysis was conducted for all measurement items of the questionnaire to report central tendency and dispersion. Specifically, the constructs of awareness, IES providers’ capabilities, and consumer satisfaction were summarised by showing the number of valid responses and missing values, as well as the minimum, maximum, and median scores for each indicator. These procedures established a comprehensive descriptive profile of the sample and the study variables, thereby serving as the foundation for subsequent analysis [79].



Given the ordinal nature of Likert-scale data, Spearman’s rank-order (rho) correlation was employed to examine the strength and direction of associations between variables [80]. This method is a non-parametric alternative to Pearson’s correlation, suitable for non-normally distributed data, and it captures monotonic relationships without assuming linearity [81]. Spearman’s rho correlation result (ρ) is computed according to the following formula:


    ρ = 1 −    6   ∑  i = 1   n      d   i   2       n     n   2   − 1         



(2)




where di represents the rank differences for each pair of observations, and n is the number of paired ranks [82,83]. Based on Table 2, the interpretation of correlation coefficients followed established guidelines by Akoglu (2018), with values between 0.00 and 0.30 regarded as low, 0.30 and 0.50 as moderate, 0.50 and 0.70 as high, 0.70 and 0.90 as very high, and above 0.90 as near perfect [84]. These interpretation ranges provide a structured benchmark for evaluating the strength and significance of observed correlations.



Based on the high and very high strength of correlation identified through Spearman’s rank correlations, further analysis was conducted to examine the underlying mechanisms of these relationships. To further explore the mechanisms underlying the observed associations, a mediation analysis was conducted using the bootstrap method. This approach tested whether the independent variable influenced the dependent variable indirectly through one or more mediating factors [85]. To interpret the magnitude and significance of mediation effects, the study followed the guidelines proposed by Fritz and MacKinnon (2007) [86] and Preacher and Hayes (2008) [87]. As shown in Table 3, effect sizes below 0.05 are considered negligible, between 0.05 and 0.10 as small, 0.10 and 0.25 as moderate, 0.25 and 0.40 as large, and above 0.40 as very large [86,87]. The confidence intervals for the indirect effect are reported as lower-level confidence interval (LLCI) and upper-level confidence interval (ULCI), which in this study are based on 95% bootstrap resamples. An indirect effect was considered statistically significant if the confidence interval did not include zero, indicating that the mediating pathway contributed meaningfully to the relationship between the independent and dependent variables [88]. The standard error (SE) indicates the variability of the effect estimate across samples, with smaller SE values suggesting more precise estimates. Finally, the p-value reflects the level of statistical significance, with thresholds of p < 0.01 meaning significant influence [89].





3. Results and Discussion


3.1. Descriptive Analysis


A total of 450 valid responses were collected across all survey items, with no missing values. The social demographic composition of the three surveyed areas shows a high degree of similarity across key indicators, ensuring the comparability of the data (see Table 4). Responses were measured using a five-point Likert scale, which includes 1 (strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly agree). Based on the results in Table 5. The gender distribution is nearly balanced, with females slightly outnumbering males in all three areas. Most respondents are married, accounting for over 79% in each city. The age structure is also comparable, with the largest group falling within the 35 to 54 age range, followed by respondents over 55 and those under 34. Most participants are employed in the private sector, while around 23% work in the public sector, and a small proportion are unemployed. Regarding education, most respondents hold a diploma or bachelor’s degree (59% to 67%), and only a small portion have attained postgraduate qualifications. Monthly income levels are similarly distributed, with most respondents earning under 5000 RMB, while a considerable share of respondents fall into the middle-income bracket (5001–15,000 RMB), and a small proportion earn above 15,000 RMB.



This demographic composition demonstrates that the three pilot communities share a broadly comparable population structure, which ensures the validity of cross-city comparisons in subsequent analyses. Since the study focuses on pilot urban areas rather than nationwide generalisation, the emphasis lies on internal comparability across Beijing, Tianjin, and Shanghai. The similarity in gender, marital status, age distribution, and income levels indicates that observed differences in awareness and satisfaction can be attributed more to attitudinal and contextual factors than to demographic discrepancies. This alignment strengthens the reliability of the pilot study design [90,91].



Respondents generally agreed with the disadvantages of CED, with all five items under this construct showing a median of 4. Similarly, awareness of the advantages of IESA also yielded a median of 4 for most items, except for the aspect concerning the ability of IES to reduce reliance on conventional energy, which had a median of 3. Perceptions toward IES providers’ capabilities in terms of PAD, OAM, and SPE were consistently scaled at a median of 4, suggesting general satisfaction with these functional dimensions. However, evaluations regarding SEF, SQU, and SAP were less positive, with all items in these domains reflecting a median of 3. Table 6 shows the results of descriptive analysis.



These findings indicate that respondents clearly recognise the environmental and sustainability drawbacks of conventional energy, while also acknowledging the advantages of IES. However, the neutral stance on whether IES can effectively reduce reliance on conventional energy reflects a degree of uncertainty toward the substitution potential of IES [92]. Furthermore, respondents expressed confidence in the technical and operational aspects of IES. Respondents were more cautious in evaluations of service efficiency, quality, and pricing. This suggests that future improvements in IES development should not only focus on technical performance but also place greater emphasis on enhancing services, including communication, responsiveness, and affordability [93,94].




3.2. Significant and Non-Significant Correlations Identified by Spearman Rho Analysis


Spearman’s rank-order correlation tests were conducted separately for Beijing, Tianjin, and Shanghai to examine associations between respondents’ eight key constructs (CED, IESA, PAD, OAM, SPE, SEF, SQU, and SAP) [95]. The results are presented in Table 6. Across all three cities, CED and IESA were significantly and highly correlated (Beijing ρ = 0.649, Tianjin ρ = 0.571, Shanghai ρ = 0.601, all p < 0.01), indicating that respondents who recognised the drawbacks of conventional energy also tended to acknowledge the advantages of IES [96]. However, differences emerged when examining how this awareness translated into perceptions of provider capabilities. In Beijing, CED showed a high correlation with PAD (ρ = 0.531, p < 0.01), compared with low associations in Tianjin (ρ = 0.230, p < 0.01) and Shanghai (ρ = 0.244, p < 0.01). This suggests that in Beijing, recognition of conventional energy disadvantages was more directly linked with IES planning and design. PAD was further associated with operational and service-related constructs, with Beijing again showing stronger linkages. Specifically, PAD correlated highly with OAM (ρ = 0.656, p < 0.01) and had a very high correlation with SPE (ρ = 0.741, p < 0.01), while correlations were weaker but still significant in Tianjin (ρ = 0.637, p < 0.01) and Shanghai (ρ = 0.597, p < 0.01) [97]. In contrast, correlations between SEF, SQU, and SAP were consistently high across all three cities (Tianjin ρ = 0.850, Beijing ρ = 0.612, Shanghai ρ = 0.631, all p < 0.01), indicating a stable and robust relationship among these service constructs, namely service efficiency, service quality, and system and price [98].



These results provide several important insights. In all three cities, strong and significant correlations were observed between CED and IESA, confirming that respondents who perceive greater disadvantages of conventional energy recognise the benefits of IES [44]. This relationship forms the cognitive foundation of IES acceptance, where awareness of conventional energy limitations creates a basis for valuing integrated solutions. Although the pattern is consistent across Beijing, Tianjin, and Shanghai, the strength of the association was slightly higher in Beijing and Shanghai compared to Tianjin, which reflects differences in environmental awareness campaigns or the maturity of local policy implementation [99]. In Beijing, the connection between CED and PAD was notably stronger than in the other two cities. This suggests that Beijing respondents not only acknowledge the drawbacks of conventional energy but also translate this awareness into higher confidence in the planning and design of IES [100,101]. By contrast, the weaker CED with PAD associations in Tianjin and Shanghai implies that while respondents understand the energy challenges, this awareness does not necessarily extend into trust in IES design. This city-level variation highlights the importance of local context in shaping how awareness of energy disadvantages influences respondents’ evaluation of IES planning and design [102].



The strong correlations observed between PAD, OAM, and SPE highlight the role of effective PAD in shaping respondents’ perceptions of subsequent operational reliability and service performance. When respondents believe that an IES project is well-planned and inclusive of consumer demands, respondents are more likely to express confidence in its operation and service provision. This indicates the presence of a potential cognitive pathway in which PAD serves as an entry point that cascade into OAM and eventually into perceptions of SPE [103,104]. Third, the consistently high correlations among SEF, SQU, and SAP across all three cities suggest that respondents perceive these consumer-friendly services. In practical terms, this means that service efficiency, quality, and system pricing are not evaluated independently; rather, improvements or shortcomings in one aspect are likely to affect perceptions of the others. This stability across different urban contexts points to a second important pathway, where SEF influences perceptions of SQU, which in turn shape evaluations of SAP.




3.3. High-Correlation Pathways for Mediation Analysis


To identify the key pathways for further structural analysis, this study conducted Spearman Rho Correlation tests separately for each pilot city [105]. Although numerous correlations attained statistical significance, their strengths were not uniformly robust. To ensure that subsequent mediation analysis would be theoretically meaningful and statistically robust, only relationships with high correlation (ρ ≥ 0.50) and correlation significance at the 0.01 level were selected for further testing (see Figure 3). This threshold reflects common practices in social science research, where moderate to high correlations provide a sufficient basis for exploring mediating mechanisms, while weak correlations may not sustain meaningful causal inference [106,107].



Applying this criterion, two sets of pathways were identified. The first centres on PAD, which demonstrated strong correlations with both OAM and SPE. This pattern suggests a sequential process, where respondents’ trust in IES planning quality fosters confidence in operational reliability, which in turn supports perceptions of service performance. The second pathway involves SEF, which was strongly associated with SQU, and SQU in turn was highly correlated with SAP. This indicates that IES are closely interrelated and often evaluated as an integrated construct, where efficiency influences quality perceptions, which subsequently shape evaluations of pricing and accessibility. These findings justify the move from correlation analysis toward mediation testing, as these findings highlight specific mechanisms through which respondents’ perceptions may be transmitted across constructs [108,109].



The analysis suggests that the impact of PAD on SPE operates partly through OAM (pathway 1). Planning quality is not only directly perceived by respondents but also indirectly shapes their evaluation of service through its influence on operational performance [94]. When respondents perceive that an IES project is well-planned and inclusive of consumer demands, consumers are more likely to believe that the system can be maintained effectively, thereby enhancing satisfaction with service delivery [110,111,112]. In addition, the relationship between SEF and SAP is mediated by SQU (pathway 2). Respondents do not judge affordability and pricing independently but rather through the lens of perceived service quality. In other words, efficient service enhances perceptions of quality, and once respondents are convinced of the quality, they are more likely to accept pricing structures as fair and reasonable.



3.3.1. The Impact of PAD on SPE Is Mediated by OAM


In the mediation analysis, the direct effect represents the influence of PAD on SPE without accounting for the mediator, whereas the indirect effect captures the portion of this relationship that is transmitted through operation and maintenance [113]. Figure 4 and Table 7 present the mediation results for pathway 1 across Beijing, Tianjin, and Shanghai. In all three cities, both the direct and indirect effects were significant, confirming that OAM mediates the relationship between PAD and SPE. For Beijing, the indirect effect of PAD on SPE via OAM was 0.292 (95% CI [0.171, 0.425]), while the direct effect remained significant at 0.530 (SE = 0.082, p < 0.001). This indicates a partial mediation, where PAD influences SPE both directly and indirectly through OAM. For Tianjin, the indirect effect was even stronger (0.406, 95% CI [0.289, 0.541]), and the direct effect remained significant at 0.389 (SE = 0.079, p < 0.001). This again demonstrates partial mediation, with OAM playing a particularly substantial role in transferring the effect of PAD to SPE. For Shanghai, the indirect effect was weaker but still significant (0.185, 95% CI [0.087, 0.299]), while the direct effect was 0.457 (SE = 0.071, p < 0.001). This suggests that in Shanghai, PAD affects SPE mainly through a direct channel, but OAM nonetheless provides a meaningful complementary pathway.



These findings underscore the importance of OAM as a mediating mechanism linking planning quality to service efficiency. Across all three pilot cities, respondents’ confidence in IES planning and design translated into higher assessments of service performance, both directly and indirectly through perceptions of operational performance. However, the strength of mediation varied across contexts. In Tianjin, the mediation effect was the strongest, suggesting that respondents place a particularly high value on effective operation and maintenance when assessing the efficiency of energy services. This reflects a local emphasis on operational performance and service continuity as key components of consumer confidence [114]. In Beijing, although the mediation effect was moderate, the direct effect remained relatively strong, indicating that respondents in the capital city place greater emphasis on planning credibility itself, independent of operational performance. This aligns with Beijing’s role as a policy demonstration zone, where strategic planning and design are more apparent for respondents’ perception in IES [102]. In Shanghai, the weaker mediation effect suggests that respondents rely more on direct perceptions of planning when forming judgements about service efficiency, with less emphasis on the intermediary role of OAM. This is due to the city’s higher baseline expectations for service quality, where planning is assumed to be directly linked to execution [112]. Overall, the effect of planning and design on service efficiency is partially mediated by operation and maintenance. The findings highlight the need for IES providers to not only demonstrate robust planning but also ensure reliable operational practices, particularly in contexts where respondents’ trust depends heavily on service continuity and operational performance.




3.3.2. The Impact of SEF on SAP Is Mediated by SQU


Figure 5 and Table 8 highlight the mediation results for pathway 2 across Beijing, Tianjin, and Shanghai. In all three cities, both the direct and indirect effects were significant, confirming that SQU mediates the relationship between SEF and SAP. For Beijing, the indirect effect was 0.231 (95% CI [0.057, 0.426]), and the direct effect remained significant at 0.531 (SE = 0.093, p < 0.001). This indicates a partial mediation, where SEF directly influences SAP while also exerting an additional indirect effect through SQU. For Tianjin, the indirect effect was 0.182 (95% CI [0.079, 0.300]), with a stronger direct effect of 0.695 (SE = 0.062, p < 0.001). This suggests that respondents in Tianjin rely more heavily on service efficiency itself when evaluating system and pricing, though perceptions of service quality still play a complementary mediating role. For Shanghai, the indirect effect was the strongest among the three areas (0.263, 95% CI [0.165, 0.383]), while the direct effect also remained significant at 0.604 (SE = 0.051, p < 0.001). These results indicate that in Shanghai, respondents’ evaluations on SAP are more substantially shaped by their perceptions of service quality, suggesting a stronger mediation mechanism compared to Beijing and Tianjin.



The findings provide strong support that the effect of service efficiency on system and price is consistently mediated by service quality across the three pilot areas. However, the degree of mediation varies by context. In Beijing, the evidence of partial mediation indicates that while service quality is relevant, respondents’ judgements of the IES system are still strongly influenced by direct perceptions of service efficiency. This reflects a relatively pragmatic orientation, where service efficiency is considered an independent marker of system and fair pricing [115]. In Tianjin, the stronger direct effect suggests that respondents prioritise service efficiency as the primary determinant of price acceptance, with service quality serving as a secondary channel. This pattern highlights the importance of operational responsiveness and efficiency improvements in strengthening local confidence in energy service [116]. By contrast, Shanghai demonstrates the strongest mediating role of service quality. Service efficiency influences system and price, mainly through its quality, implying that respondents do not separate service efficiency and quality but rather view them as interconnected criteria for evaluating system fairness and accessibility. This reflects higher expectations for integrated service experiences, where quality acts as the key bridge linking operational efficiency to consumer judgements of price and system value [117,118]. The results confirm that IES forms an interdependent construct. While service efficiency is a critical driver, its impact on pricing acceptance is often filtered through service quality, underscoring the need for IES providers to enhance not only technical efficiency but also perceived service quality to achieve broader acceptance.



Unlike previous IES acceptance studies that examined isolated regions or lacked policy integration [119,120], this study provides a cross-city comparative insight under a unified policy framework, revealing distinct behavioral mechanisms in government-oriented IES pilot areas. These findings expand earlier conclusions that technical performance dominates satisfaction by demonstrating that service efficiency and quality mediate consumers’ price perception and acceptance [121]. The diagram (see Figure 6) illustrates the differentiated mediation mechanisms across the three pilot cities, showing how planning, operation, efficiency, and quality jointly shape consumer acceptance of IES. In Beijing, both mechanisms exhibit partial mediation effects. Planning and design influence service performance both directly and through operation and maintenance, while service efficiency affects price perception via service quality. This pattern reflects Beijing’s balanced emphasis on institutional planning and operational reliability, where coordinated policies and trust in system delivery strengthen consumer confidence. In Tianjin, the first mechanism is mediation-dominant, as operational efficiency forms the main channel linking planning efforts with perceived service outcomes. Conversely, the second mechanism is direct-effect dominant, suggesting that consumers prioritise visible efficiency gains that directly affect affordability rather than relying on service quality as an intermediary. In Shanghai, both mechanisms display mixed mediation and direct effects. Planning has a stronger direct impact due to mature governance and service management systems, while service quality still mediates consumers’ perception of value and pricing fairness. These findings indicate that although the structural logic of IES acceptance is consistent, the relative influence of planning, efficiency, and service quality varies across cities, reflecting differences in governance approach, service maturity, and consumer expectations. This evidence contributes new empirical validation of consumer-level mechanisms in IES evaluation, an area previously discussed largely from engineering or policy perspectives.






4. Conclusions


This study examined consumer awareness, perceptions, and satisfaction regarding IES across three government-designated pilot areas. The results show that respondents recognise the environmental drawbacks of conventional energy and acknowledge the environmental and technological advantages of IES, though uncertainty remains about its full substitutability for traditional sources. Two core mediation mechanisms explain how consumer cognition transforms into acceptance. The first mechanism shows that planning and design shape perceptions of service performance both directly and indirectly through operation and maintenance, emphasising the role of structured planning and reliable operations in fostering consumer trust. The second mechanism demonstrates that service efficiency affects perceptions of affordability through service quality, suggesting that fairness in pricing is closely linked to the perceived professionalism and responsiveness of service delivery. City-level analyses reveal distinctive variations in these pathways. In Beijing, both mechanisms exhibit partial mediation, where transparent planning and stable operations reinforce consumer confidence. In Tianjin, operational efficiency acts as a mediation-dominant driver, directly influencing satisfaction and price perception with less reliance on service quality. In Shanghai, partial mediation is again evident, as high service quality continues to mediate consumers’ perception of system value and pricing fairness. These differentiated mechanisms demonstrate that IES acceptance is a multidimensional process linking consumer cognition, provider capability, and service experience. Strengthening IES development requires an integrated approach that combines robust planning, operational efficiency, and high-quality service provision, while ensuring that national policy intentions align with localised consumer expectations. The methodological contribution lies in integrating descriptive, correlation, and mediation analyses to explain consumer behavior toward IES. This framework is also adaptable to other emerging energy markets, offering a basis for analyzing consumer responses under different policy and service settings. The results highlight that improving planning reliability and service quality can enhance public confidence in energy transitions, offering insights relevant for sustainable urban energy governance.



This study offers both theoretical and practical implications for advancing the understanding of government-oriented IES. The findings demonstrate that consumers’ awareness, perception, and satisfaction are not only shaped by service quality and efficiency but also vary significantly across cities under a unified policy framework. These insights contribute to refining existing behavioral models of energy acceptance and provide policy guidance for designing localized, government-oriented IES strategies. Despite its contributions, this study has several limitations. The survey data were collected from three pilot cities, which were all major metropolitan areas currently prioritized in China’s IES pilot program. As such, the findings may not fully capture conditions in smaller or less-developed regions. Moreover, the cross-sectional design limits the ability to capture temporal changes in consumer behavior or policy impacts. Future research could extend this work by incorporating additional regions and applying longitudinal or mixed method approaches to track evolving consumer perceptions. Comparative studies across different countries could also help in examining whether the findings from this study are consistent with the mechanisms identified here are consistent in diverse policy and cultural contexts. Further integration of economic and environmental performance indicators would enhance the robustness of the proposed social model and broaden its global applicability.
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Figure 1. Location of the study areas. 
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Figure 2. Analytical framework of the study. 






Figure 2. Analytical framework of the study.



[image: Sustainability 17 10158 g002]







[image: Sustainability 17 10158 g003] 





Figure 3. Inter-City Comparison of Spearman Correlation Coefficients. Indicator: PAD: Planning and Design; OAM: Operation and Maintenance; SPE: Service Performance; SEF: Service Efficiency; SQU: Service Quality; SAP: System and Price. **. Correlation is significant at the 0.01 level (2-tailed). 
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Figure 4. Mediation pathway design for PAD, OAM, and SPE. Indicator: PAD: Planning And Design; OAM: Operation and Maintenance; SPE: Service Performance. 
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Figure 5. Mediation pathway design for SEF, SQU, and SAP. Indicator: SEF: Service Efficiency; SQU: Service Quality; SAP: System and Price. 
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Figure 6. City-level pathways of IES acceptance. Indicator: PAD: Planning and design; OAM: Operation and Maintenance; SPE: Service Performance; SEF: Service Efficiency; SQU: Service Quality; SAP: System and Price. 
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Table 1. Study areas information.






Table 1. Study areas information.





	

	
Beijing

	
Tianjin

	
Shanghai






	
Location

	
Low Carbon Park

	
Jinzhong Street

	
Zhangjiang Town




	
Population

	
70,582

	
100,536

	
108,597




	
Type of area

	
Urban

	
Urban

	
Urban




	
Type of population

	
Resident

	
Resident

	
Resident




	
Economic activities

	
Retail, Catering, Service industry, Real estate services








Source: National Bureau of Statistics of China; Ministry of Housing and Urban-Rural Development of the People’s Republic of China; Reprinted from ref. [53,54].













 





Table 2. Spearman Rho Correlation Interpretation Guidelines.






Table 2. Spearman Rho Correlation Interpretation Guidelines.





	ρ (rho)
	Strength of Correlation
	Significance (p-Value)
	Academic Implication





	0.00–0.30
	Low correlation
	If p > 0.05 → null
	Cautiously interpretable



	0.30–0.50
	Moderate correlation
	p < 0.05 required
	Worth further analysis



	0.50–0.70
	High correlation
	p < 0.01 recommended
	Meaningful



	0.70–0.90
	Very high correlation
	p < 0.01
	Strong theoretical support



	>0.90
	Near perfect correlation
	p < 0.01
	Typically, same construct







Source: Akoglu, H., 2018; Reprinted from ref. [84].













 





Table 3. Mediation Analysis Guidelines.






Table 3. Mediation Analysis Guidelines.





	Effect Size (β)
	Strength
	Significance (CI/p-Value)
	Academic Implication





	<0.05
	Negligible
	CI includes 0/p > 0.05
	No evidence of mediation



	0.05–0.10
	Small
	CI excludes 0/p < 0.05
	Weak mediation



	0.10–0.25
	Moderate
	CI excludes 0/p < 0.01
	Meaningful mediation



	0.25–0.40
	Large
	CI excludes 0/p < 0.01
	Strong mediation



	>0.40
	Very large
	CI excludes 0/p < 0.001
	Robust theoretical support







Source: Fritz & MacKinnon, 2007; Preacher & Hayes, 2008; Reprinted from ref. [86,87].













 





Table 4. Social Demographic Composition of the Study Area.
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Beijing

	
Tianjin

	
Shanghai






	
Distribution of Respondents

	
105

	
156

	
189




	
Items

	
Percentage (%)




	
Gender:




	
Male

	
48.00

	
47.00

	
48.00




	
Female

	
52.00

	
53.00

	
52.00




	
Marital status:




	
Single

	
21.00

	
15.00

	
20.00




	
Married

	
79.00

	
85.00

	
80.00




	
Age:




	
Under 34

	
29.00

	
22.00

	
23.00




	
35–54

	
38.00

	
45.00

	
49.00




	
Over 55

	
33.00

	
33.00

	
28.00




	
Occupation:




	
Public sector/Company

	
23.00

	
22.00

	
22.00




	
Private Company/Individual

	
66.00

	
67.00

	
63.00




	
Unemployed

	
11.00

	
11.00

	
15.00




	
Highest educational level:




	
Under Secondary School

	
29.00

	
33.00

	
31.00




	
Academy & Bachelor

	
67.00

	
59.00

	
63.00




	
Master & Ph.D.

	
5.00

	
8.00

	
6.00




	
Monthly Salary (RMB):




	
Under 5000

	
55.00

	
68.00

	
65.00




	
5001–15,000

	
37.00

	
28.00

	
30.00




	
Over 15,001

	
8.00

	
4.00

	
5.00











 





Table 5. Descriptive Statistics of Indicators for Consumer Awareness, IES Providers’ Capabilities, and Consumer Satisfaction.
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Section

	
Category

	
Items (I)

	
N

Total

	
Missing

Value

	
Median

	
Min

	
Max






	
Consumer

Awareness

	
CED

	
I1: Conventional energy pollutes environment

	
450

	
0

	
4

	
1

	
5




	
I2: Conventional energy reserves are limited

	
450

	
0

	
4

	
1

	
5




	
I3: Conventional energy is unsustainable

	
450

	
0

	
4

	
1

	
5




	
I4: Conventional energy generates greenhouse gases

	
450

	
0

	
4

	
1

	
5




	
I5: Conventional energy causes global warming

	
450

	
0

	
4

	
1

	
5




	
IESA

	
I1: IES include renewable energy

	
450

	
0

	
4

	
1

	
5




	
I2: IES conserve energy

	
450

	
0

	
4

	
1

	
5




	
I3: IES reduce reliance on conventional energy

	
450

	
0

	
3

	
1

	
5




	
I4: IES reduce greenhouse gas emissions

	
450

	
0

	
4

	
1

	
5




	
I5: IES reduce air pollution

	
450

	
0

	
4

	
1

	
5




	
I6: IES include domestic energy supply

	
450

	
0

	
4

	
1

	
5




	
I7: IES enhance environmental quality

	
450

	
0

	
4

	
1

	
5




	
I8: IES drive growth in renewable energy

	
450

	
0

	
4

	
1

	
5




	
I9: There are incentive policies for IES

	
450

	
0

	
4

	
1

	
5




	
IES

Provider’s

capabilities

	
PAD

	
I1: Strong IES abilities

	
450

	
0

	
4

	
1

	
5




	
I2: IES design includes consumers’ input

	
450

	
0

	
4

	
1

	
5




	
I3: IES provide reliable energy supply

	
450

	
0

	
4

	
1

	
5




	
I4: IES provide secure energy supply

	
450

	
0

	
4

	
1

	
5




	
I5: IES provide variety of energy forms

	
450

	
0

	
4

	
1

	
5




	
OAM

	
I1: Price list for IES

	
450

	
0

	
4

	
1

	
5




	
I2: IES operation guidelines

	
450

	
0

	
4

	
1

	
5




	
I3: IES maintenance guidelines

	
450

	
0

	
4

	
1

	
5




	
I4: IES energy-saving measures

	
450

	
0

	
4

	
1

	
5




	
I5: IES 24-h energy operation

	
450

	
0

	
4

	
1

	
5




	
I6: IES 24-h energy usage tracking

	
450

	
0

	
4

	
1

	
5




	
SPE

	
I1: IES energy usage billings

	
450

	
0

	
4

	
1

	
5




	
I2: IES notification on service interruptions

	
450

	
0

	
4

	
1

	
5




	
I3: IES system update

	
450

	
0

	
4

	
1

	
5




	
I4: IES consultation on energy usage

	
450

	
0

	
4

	
1

	
5




	
I5: IES consumer feedback channels

	
450

	
0

	
4

	
1

	
5




	
I6: IES environmentally friendly practices

	
450

	
0

	
4

	
1

	
5




	
Consumer

Satisfaction

	
SEF

	
I1: Replying with feedback in timely manner

	
450

	
0

	
3

	
1

	
5




	
I2: Communicating with consumers friendly

	
450

	
0

	
3

	
1

	
5




	
I3: Communicating with consumers in advance

	
450

	
0

	
3

	
1

	
5




	
I4: Solving all energy issues within a short time

	
450

	
0

	
3

	
1

	
5




	
I5: Solving energy problems attentively

	
450

	
0

	
3

	
1

	
5




	
SQU

	
I1: Collect all consumers’ feedback in various ways

	
450

	
0

	
3

	
1

	
5




	
I2: Staffs are well-trained in resolving issues

	
450

	
0

	
3

	
1

	
5




	
I3: Effective consulting services

	
450

	
0

	
3

	
1

	
5




	
I4: Stable energy supply

	
450

	
0

	
3

	
1

	
5




	
SAP

	
I1: Clear and attractive system client interface

	
450

	
0

	
3

	
1

	
5




	
I2: Consumer service system is easy to use

	
450

	
0

	
3

	
1

	
5




	
I3: The price list is reasonable

	
450

	
0

	
3

	
1

	
5




	
I4: Service guidelines are easily found

	
450

	
0

	
3

	
1

	
5




	
I5: Service guidelines are visually pleasing

	
450

	
0

	
3

	
1

	
5




	
I6: Service guidelines are easy to understand

	
450

	
0

	
3

	
1

	
5








Indicator: N: Number; CED: Conventional Energy Disadvantages; IESA: IES Advantages; PAD: Planning and design; OAM: Operation and Maintenance; SPE: Service Performance; SEF: Service Efficiency; SQU: Service Quality; SAP: System and Price.













 





Table 6. Spearman’s Rank-Order Correlation Among Key Indicators Across Study Areas.
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Beijing




	

	
CED

	
IESA

	
PAD

	
OAM

	
SPE

	
SEF

	
SQU

	
SAP




	
CED

	
1

	
0.649 **

	
0.531 **

	
0.399 **

	
0.396 **

	
0.226 *

	
0.324 **

	
0.159




	
IESA

	

	
1

	
0.423 *

	
0.233 *

	
0.338 **

	
0.158

	
0.196 *

	
0.138




	
PAD

	

	

	
1

	
0.656 **

	
0.741 **

	
0.084

	
0.251 *

	
0.045




	
OAM

	

	

	

	
1

	
0.584 **

	
0.120

	
0.237 *

	
0.069




	
SPE

	

	

	

	

	
1

	
0.183

	
0.306 *

	
0.123




	
SEF

	

	

	

	

	

	
1

	
0.641 **

	
0.706 **




	
SQU

	

	

	

	

	

	

	
1

	
0.612 **




	
SAP

	

	

	

	

	

	

	

	
1




	
Tianjin




	

	
CED

	
IESA

	
PAD

	
OAM

	
SPE

	
SEF

	
SQU

	
SAP




	
CED

	
1

	
0.571 **

	
0.230 **

	
0.124

	
0.192 *

	
0.240 **

	
0.178 *

	
0.185 *




	
IESA

	

	
1

	
0.268 **

	
0.152

	
0.242 **

	
0.240 **

	
0.248 **

	
0.269 **




	
PAD

	

	

	
1

	
0.725 **

	
0.637 **

	
0.130

	
0.151

	
0.077




	
OAM

	

	

	

	
1

	
0.630 **

	
0.084

	
0.153

	
0.029




	
SPE

	

	

	

	

	
1

	
0.069

	
0.121

	
0.127




	
SEF

	

	

	

	

	

	
1

	
0.733 **

	
0.850 **




	
SQU

	

	

	

	

	

	

	
1

	
0.733 **




	
SAP

	

	

	

	

	

	

	

	
1




	
Shanghai




	

	
CED

	
IESA

	
PAD

	
OAM

	
SPE

	
SEF

	
SQU

	
SAP




	
CED

	
1

	
0.601 **

	
0.244 **

	
0.349 **

	
0.362 **

	
0.291 **

	
0.229 **

	
0.296 **




	
IESA

	

	
1

	
0.143 *

	
0.226 **

	
0.237 **

	
0.287 **

	
0.310 **

	
0.289 **




	
PAD

	

	

	
1

	
0.529 **

	
0.597 **

	
0.109

	
0.083

	
0.176 *




	
OAM

	

	

	

	
1

	
0.578 **

	
0.056

	
0.071

	
0.070




	
SPE

	

	

	

	

	
1

	
0.088

	
0.084

	
0.112




	
SEF

	

	

	

	

	

	
1

	
0.737 **

	
0.811 **




	
SQU

	

	

	

	

	

	

	
1

	
0.631 **




	
SAP

	

	

	

	

	

	

	

	
1








Indicator: CED: Conventional Energy Disadvantages; IESA: IES Advantages; PAD: Planning and design; OAM: Operation and Maintenance; SPE: Service Performance; SEF: Service Efficiency; SQU: Service Quality; SAP: System and Price; **. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed).













 





Table 7. Mediation analysis results for pathway 1 across three cities.
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Cities

	
Indirect Effect

	
Direct Effect




	
Effect

	
LLCI

	
ULCI

	
Effect

	
SE

	
p






	
Beijing

	
0.2918

	
0.1709

	
0.4253

	
0.5298

	
0.0820

	
0.0000




	
Tianjin

	
0.4059

	
0.2890

	
0.5408

	
0.3894

	
0.0788

	
0.0000




	
Shanghai

	
0.1851

	
0.0866

	
0.2985

	
0.4569

	
0.0712

	
0.0000











 





Table 8. Mediation analysis results for pathway 2 across three cities.






Table 8. Mediation analysis results for pathway 2 across three cities.





	
Cities

	
Indirect Effect

	
Direct Effect




	
Effect

	
LLCI

	
ULCI

	
Effect

	
SE

	
p






	
Beijing

	
0.2313

	
0.0566

	
0.4258

	
0.5314

	
0.0928

	
0.0000




	
Tianjin

	
0.1819

	
0.0787

	
0.2995

	
0.6954

	
0.0619

	
0.0000




	
Shanghai

	
0.2630

	
0.1645

	
0.3830

	
0.6040

	
0.0511

	
0.0000
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