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Emerging technology developments and functions of the Internet of Things (IoT) in industrial systems are leading the development of the Industrial IoT (IIoT). Greener, i.e., cleaner environmental goals can be achieved by putting green IIoT (GIIoT) into practice. This research aims to explore the reasons for the adoption of GIIoT in organizational decision-making and to explore its impact on organizational performance. The proposed research model was tested by collecting data through a structured questionnaire. The findings suggest that institutional isomorphism has a positive impact on the adoption of GIIoT. Moreover, GIIoT is positively associated with green innovation (GI) practices (e.g., product, process, and management) that lead to organizational performance. The potential impact of various types of institutional isomorphism described in this study can help organizations better comprehend the institutional pressures they enforce and/or appease their stakeholders, especially as they adopt GIIoT, to manage production issues and potential compliance pressures in the process.
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INTRODUCTION

Organizations often adopt information technology (IT) due to institutional pressure from stakeholders (Ainin et al., 2016). With the fast advancement of industrial informatization, the Internet of Things (IoT) has emerged as a critical and promising feature in the transition of modern industrial automation (Wang et al., 2016). IoT is thought to provide widespread benefits in many IT systems, as well as a substantial influence on the industry by lowering costs and enabling more efficient and effective monitoring and management (Khan et al., 2020). IoT vows to bring innovation and advances to the standard Industrial IoT (IIoT). The IIoT is a new vision for the IoT in the industrial sector through automated smart objects to sense, collect, process, and communicate temporal events in industrial systems (Khan et al., 2020). IIoT technologies enable enterprises to gather and analyze a large volume of data, which can then be utilized to improve the overall operation of industrial systems while delivering a variety of services (Park, 2019; Liebl et al., 2020). The application of these elements in the context of energy management makes the concept of the green IIoT (GIIoT) a reality, and the use of the IIoT in the context of green environmental development becomes more demanding (Tabaa et al., 2020).

Meanwhile, green innovation (GI) is the transformation of the operations and processes in such a way that it benefits the natural environment (Xue et al., 2019). GI is pivotal in achieving sustainable environmental goals by reducing the harmful impacts of business operations (Wu, 2013). GI is beneficiary in maintaining the firm’s positive image by reducing carbon footprint, environmental degradation, hazardous waste, energy waste, and toxic chemicals (Lisi et al., 2020). Firms can also obtain the advantage of higher market share, better firm performance, social recognition, and good relations with the government (Zhang et al., 2020b). Through the GI practice, a business transforms its products, processes, structures, and management and business operations from traditional to novel, thereby promoting business development and ensuring environmental protection (Ma et al., 2018). Prior studies have categorized GI into subsets, namely, green product innovation (GPdI), green process innovation (GPcI), and green management innovation (GMI) (Tang et al., 2018; Xie et al., 2019; Xue et al., 2019; Hu et al., 2022).

The literature has moved away from considering the importance of different factors that influence the adoption of technological innovations and has turned to examine the precise impact of institutional isomorphism on the adoption of GIIoT, which can lead to organizational performance (Gadre and Gadre, 2016; Hsu and Yeh, 2017; Affia et al., 2019; Sam et al., 2021). Based on the dearth of literature, what needs to be studied is that the current relationship, institutional isomorphism of GIIoT adoption, competes with organizational performance. Therefore, to fill this gap, the current study empirically analyses the impact of institutional isomorphism on the adoption of GIIoT that may lead to overall organizational performance. This study also measures the mediating role of GI practices between GIIoT adoption and organizational performance.



THEORETICAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT


Institutional Theory

From the perspective of institutional theory, a firm’s operations and decisions are highly reflected by the social and cultural environment (Ngah et al., 2017; Joardar and Sarkis, 2021). The institutional theory posits how a firm should tackle and respond to the pressure from the external environment (Yen, 2018). The institutional theory proposed the norms, rules, and strategies to comply expected from the firm’s institutional entities by putting pressure on the firm (Liu et al., 2010). Pressure from external stakeholders emphasized that the firms comply with environment-friendly activities in their production and operations (Vanalle et al., 2017). The institutional theory argues that business activities are not necessarily rational in a commercial sense but are driven by the broader institutional environment (McDougall et al., 2022). The study of Dubey et al. (2015) explained that under the institutional theory, firms expand the objective of their existence by giving value to their society and environment and just not focusing only on making a profit. In addition, the absence of institutional pressures diverts the firm’s focus from environment-friendly activities; conversely, the higher the pressure firm would receive from its stakeholders, the greater the chances of complying with the firm’s resources in managing the environment efficiently effectively (Vanalle et al., 2017). For instance, firms employ several green practices to avoid the penalty from regulatory pressures by following their commandments (Yen, 2018). In the institutional theory, social reality is overseen by a set of discriminated, specialized, cognitive, normative, and regulatory systems, i.e., institutional logic (Kros et al., 2020). The institutional theory highlights the importance of institutional pressure in employing green practices and determines the firm’s behavior toward social values, norms, and technological advancement in society (Yen, 2018; Oliveira et al., 2019). However, the adoption of GIIoT has not been discussed from the perspective of IT. The current study aims to investigate the firm’s adoption behavior of GIIoT by using the institutional theory as a theoretical lens. The institutional theory splits the institutional pressure into three isomorphisms, namely, coercive pressure (CP), normative pressure (NP), and mimetic pressure (MP).


Coercive Pressure

The CP is the extent to which firms are influenced by the regulations of those entities in power (Imamoglu et al., 2010). CP is caused by powerful stakeholders, such as government organizations, NGOs, customers, and suppliers (Latif et al., 2020). Firms adopt innovative technologies by exerting pressure from influencing entities, such as government, regulatory authorities, parent companies, competitors, and resource dominant organizations (Oliveira et al., 2019). In this stream, the study of Jan et al. (2012) marked that two major entities put CP on firms, namely, regulatory forces and competitors. Resource-dependent organizations follow dominant organizations’ directions to comply with certain mechanisms for their survival (Sherer et al., 2016). Organizations take that pressure to stay competitive and avoid the penalties from government and regulatory authorities (Jan et al., 2012). Coercion of these entities on a firm’s technological adoption has been studied in various contexts (Messerschmidt and Hinz, 2013; Soares et al., 2020), electronic health record adoption (Sherer, 2010), and electronic supply chain management (SCM) adoption (Liu et al., 2010). Based on these arguments, this study has also supported the following hypothesis.

H1a: CP is positively associated with the adoption of GIIoT.



Normative Pressure

The NP refers to the influence of the firms in the same industry or people in the same group to behave legitimately (Jayarathna, 2015). NP arises when informal agents (e.g., customers and suppliers) constitute a set of codes and values to be followed by a firm in a society or industry (Dubey et al., 2015). NP comes from the expectations, values, norms, and standards in the corporate culture (Latif et al., 2020). Demands of the customers and suppliers are considered the core NP for the firms to act in a certain way (Imamoglu et al., 2010). Firms learn about the techniques and technologies to adopt, which are deemed effective by the community in which they operate (Sherer et al., 2016). According to Jan et al. (2012), social players forced the firms to adopt a particular behavior or technology when employed by several other firms in a similar industry or society. Sharing the knowledge about the benefits of particular technology adoption persuaded the non-adopters toward adoption intention, and this sharing can be done in a network of customers, suppliers, trading agencies, and firms (Messerschmidt and Hinz, 2013). NP is found to be a significant predictor of the adoption in prior literature (Sherer, 2010; Zailani et al., 2012; Hsu et al., 2013; Saeed et al., 2018). Based on the abovementioned argument, this study has also supported the following hypothesis:

H1b: NP is positively associated with the adoption of GIIoT.



Mimetic Pressure

The MP refers to the degree to which a firm imitates the established strategies and behavior of another firm enjoying high status (Jan et al., 2012). MP is caused by peers, professional associations, or competitors (Ben Boubaker et al., 2021). Adopting the similar strategy and technology that the rival firm has already employed allows the firms to stay competitive and avoid errors in the adoption process (Messerschmidt and Hinz, 2013). In general, firms usually take MP when the outcomes of a particular technology are not clear and then the firms tend to mimic the legitimate structure and technology (Dubey et al., 2015). MP allows the firms to enjoy a second-mover advantage by reducing experimentation costs, the risk associated with new technology adoption, and a clear insight into which technology works well (Sherer, 2010). Notwithstanding, copying is not necessarily always right; if it is not operated effectively and efficiently, it could cost the focal firm (Liu et al., 2010). When a large number of firms behave in a particular manner, it is requisite for other firms to follow to avoid the humiliation and join the race sever competition (Sherer et al., 2016). On the ground of arguments mentioned earlier, it can be rationally posited that MP forces organizations to adopt the advancement that will ensure innovation in the firm’s operations. Therefore, this study supported the following hypothesis:

H1c: MP is positively associated with the adoption of GIIoT.




Green Industrial Internet of Things

The IIoT is defined as the interconnected objects which is able to manage the data mining and accesses the data that are generated (Boyes et al., 2018). In this vein, the GIIoT is the mechanism of interlinked systems, actuators, and sensors for implementing GI practices, effective decision-making, and better manufacturing processes by extracting reliable information (Hu et al., 2022). Rapid changes in the environment due to hazardous waste and awareness about the drastic impacts of these changes result in the adoption of GIIoT (Tabaa et al., 2020). GIIoT endeavors to prevent environmental pollution, energy waste, efficient resource usage, and effective technological services (Albreem et al., 2018). The study by Wang et al. (2016) marked several benefits of GIIoT on industry and the environment, such as reducing the negative impacts of technology on human health, carbon footprints, toxic emissions, environmental degradation, and industrial cost. According to the study by Hu et al. (2022), GIIoT is constructive and significant for GI. The goal of GIIoT is to decarbonize and optimize environmental protection and monitoring, and reduce operational costs and energy usage for long-term growth (Varjovi and Babaie, 2020). Thus, based on the abovementioned arguments, this study supported the following hypotheses:

H2a: GIIoT is positively associated with GPdI.

H2b: GIIoT is positively associated with GPcI.

H2c: GIIoT is positively associated with GMI.



Green Innovation and Performance

The GPdI defines as launching new or alternations to the existing products that have less or no harmful impact on the ecosystem during the whole lifecycle of the product (Tang et al., 2018). GPdI payoff in terms of higher firm performance when it is properly promoted in the market (Xie et al., 2019). GPdI is an alternative to conventional products designed to minimize hazardous impact, achieve a competitive edge, and improve firm performance (Wong, 2012). A study by Xue et al. (2019) stated that GPdI has become a key source of environmental sustainability and firm performance. GPdI reflects the product’s sustainability at the stage of designing, manufacturing, and marketing that product (Lisi et al., 2020). In addition, GPdI secures the firms from penalties for damaging the environment and protest of saving the ecosystem and helps in achieving competitive advantage and opportunity of a new market with a new product (Xie et al., 2019).

The GPcI refers to employing technologies, operations, and activities within the firm that do not negatively impact the organization’s internal and external environment (Wu, 2013; Wang et al., 2021). GPcI is the extent to which the firm tries to meet those environmental standards set by the firm’s management, the society, or the market in which they are operating by adopting environmental protecting technologies, mechanisms, and tactics (Wong, 2012). In implementing GPcI, the firm’s internal sources are required and could be costlier for the firm yet it is considered the best green practice for environmental sustainability and the firm’s performance (Xie et al., 2019). GPcI helps achieve sustainable competitive advantage (Tang et al., 2018), which is the ultimate source of better firm performance. Reducing adverse environmental impacts, achieving the firm’s environmental compliance, and employing cleaner technologies and end-of-pipe technologies are pivotal activities of GPcI that sustain the firm’s differentiation advantage (Xie et al., 2019).

Similar to GPdI and GPcI, GMI is the firm’s strategic compliance with environmental protection activities designed by its management (Shu et al., 2016). In comparison with other innovations, GMI is the philosophy to change the working norms of managers at the organizational level (Ma et al., 2018). GMI helps in effective decision-making, establishing environmental policies, and reallocating the resources within the firm to handle waste and save the cost, which enhance the firm’s performance (Zhang et al., 2020b). The main purpose of GMI is to adopt managerial policies and strategies that are new to the focal firm and protect the environment from its negative impacts (Shu et al., 2016). GMI improves competitiveness, firm performance, and market value (Zhang et al., 2020a). Based on these arguments, this study supported the following hypotheses:

H3a: GPdI is positively associated with organizational performance.

H3b: GPcI is positively associated with organizational performance.

H3c: GMI is positively associated with organizational performance.

Figure 1 presents the proposed research model.
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FIGURE 1. Proposed research model.





MATERIALS AND METHODS


Measures

The study to preserve the content validity adapted the measuring items from prior studies in a simpler context. The four-item scale of CP, three-item scale of NP, and three-item scale of MP were adapted from Liu et al. (2010). Six-item scale of GIIoT adoption was adapted from Molla and Abareshi (2012). Furthermore, four-item scale of GPdI and four-item scale of GPcI were adapted from Kong et al. (2016), and four-item scale of GMI was adapted from Ma et al. (2018). Moreover, five-item scale of OP was adapted from Ma et al. (2018). As the study considered gender, education, and age as control variables, therefore, the sited demographical information of respondents was also collected. The study used a seven-point Likert-type scale for a survey.



Sample Size, Data Collection, and Analysis Technique

The manufacturing organizational employees in Harbin, China, were the population of the study. China has massive issues in keeping a balance between economic and ecological demands because of its industrial expansion. Furthermore, to verify the questionnaire’s content validity, three bilingual researchers translated the questionnaire into Chinese and then back into English. Further changes were made to enhance the understanding and appropriateness of Chinese manufacturing methods. Questionnaires were sent to the employees of randomly selected manufacturing organizations via an online survey link in November 2021. Based on the literature, the study ensured that the sample size of more than 200 is considered suitable for applying SEM (Kline, 2015). In February 2022, we received 330 filled questionnaires, of which 12 incomplete questionnaires were discarded. The study considered 318 valid responses for final analyses. As the study selected SEM to analyze the relationships among variables, the Smart PLS is used to run the SEM as it is among the best tool to run the SEM (Henseler et al., 2016).



Demographical Information

Table 1 presents the demographical data of the respondents of this study. According to the results, 61.64% of respondents are men, 73% of respondents have more than 3 years of experience, and 68% of respondents are degree holders. Therefore, the study has both male and female respondents who are experienced and educated.


TABLE 1. Demographical information.
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Common Method Bias

Common method bias (CMB) is an important issue to be focused on when data were collected from the same point of time and one source (Podsakoff et al., 2012). To address this issue, the study used a single-factor test of Harman. The study divides all the items into eight subgroups and the first factor only explains the 35.80% of variance which is under the threshold point of 40% (Podsakoff et al., 2006, 2012). The study validates the inner variance factor (VIF) as a single Harman factor is not sufficient for CMB. The values of VIF should be less than 3.3 (Kock, 2015). The values of VIF are ranging from 1.35 to 1.71 which are under the threshold. Results of the study demonstrate that there is no issue with CMB in the research.




RESULTS


Measurement Model

For measuring the convergent validity composite reliability (CR), Cronbach’s alpha and average variance extracted (AVE) were tested. The values of convergent validity analysis are presented in Table 2, which demonstrates that all values are above the threshold values. Threshold values for Cronbach’s alpha, CR, and AVE are 0.70, 0.70, and 0.50, respectively (Fornell and Lacker, 1981a). No critical issue was found in convergent validity as all the values of Cronbach’s alpha, CR, and AVE are under the acceptance range.


TABLE 2. Convergent validity results.
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Discriminant validity is tested by following the three techniques proposed by Gefen (2005). The first technique was to ensure the association between the correlation of factors and the square root of AVE which is considered the best technique for discriminant validity (Fornell and Lacker, 1981b). The second technique is to examine item loadings and cross-loadings to verify the correlation, and the third technique is to demonstrate the heterotrait-monotrait ratio (HTMT) (Hair et al., 2014; Henseler et al., 2016). Table 3 presents the values of AVE that are higher than the coefficient of correlation of all variables.


TABLE 3. Correlation of factors and square of AVE.
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Item loadings and cross-loadings of their parallel variables are also greater than the item loadings and cross-loadings of their explanatory variable presented in Table 4, which proves that discriminant validity has no critical issue.


TABLE 4. Cross-loadings.

[image: Table 4]
The HTMT ratio is the upper boundary of the factors whose value should be less than 1 to differentiate the two factors (Henseler et al., 2016). Table 5 presents the value of HTMT which is under the acceptance range and demonstrates that there is no concern in discriminant validity.


TABLE 5. HTMT ratio criterion.
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Structural Equation Modeling

To examine the relationship among variables, Smart PLS was used based on standardized paths (Dijkstra and Henseler, 2015). Path coefficient, p-value, and t-value are shown in Table 6. Results present that there is a 22% variance in GIIoT, 58% in GPdI, 36% in GPcI, 59% in GMI, and 26% in organizational performance.


TABLE 6. SEM results.
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Figure 2 demonstrates that CP (β = 0.176, p = 0.003), NP (β = 0.224, p = 0.000), and MP (β = 0.226, p = 0.000) have significant association with adoption of GIIoT, according to which H1a, H1b, and H1c are accepted. Moreover, adoption of GIIoT also shares a significant relationship with GPdI (β = 0.357, p = 0.000), GPcI (β = 0.373, p = 0.000), and GMI (β = 0.405, p = 0.000) basis on which H2a, H2b, and H2c are accepted. Similarly, GPdI (β = 0.135, p = 0.038), GPcI (β = 0.260, p = 0.000), and GMI (β = 0.248, p = 0.000) have significant innovation with organizational innovation; hence, H3a, H3b, and H3c are accepted. On the ground of all results, the study accepts the proposed research model.
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FIGURE 2. SEM results. ***P < 0.001, **P < 0.005, *P < 0.01.





DISCUSSION

Globalization and industrialization have facilitated technological advancements for efficient business operations. Due to the serious impact of industrial waste on the environment, companies are forced to adopt green technologies to reduce their negative impacts under various external pressures (Saeed et al., 2018). In this context, this study strives to consolidate institutional pressures that compel firms to adopt green technologies and practices.

The results demonstrate a significant association between CP and GIIoT adoption. Several regulatory firms and policies from the government enforce coercion on neglecting and damaging the natural environment. Parent companies also establish a set of rules for managing resources, data, and the environment. Overlooking these rules and policies will cost penalties to business, impacting business reputation and performance. Furthermore, the findings of the study revealed that NP has a positive association with the adoption of GIIoT adoption. Satisfying the customer demand is the basic goal of an organization. In addition, MP also proved to be a significant positive relationship with GIIoT adoption in manufacturing organizations. It described that once the competitors adopt new technology; focal firms also get the pressure to adopt it to maintain a competitive edge. Mimicking the competitor’s technology firms reduces the risks of failure in particular technology adoption. In the emerging era of technological advancement, it is deemed to stay one step ahead to ensure a competitive advantage over rival firms. These outcomes are aligned with the previous studies that define the positive impact of institutional isomorphism on technology adoption (Lai et al., 2006; Shubham et al., 2018; Soares et al., 2020).

Moreover, the results of the study also ensure a significant positive relationship between GIIoT adoption with GI practices. According to the study results, GIIoT helps implement GI practices. GIIoT help to provide the firm with real-time information about their customers which facilitates the firm for effective decision-making and manages their resources. These results also extend the result of a previous study showing a positive impact of GIIoT on GI practice (Hu et al., 2022).

Similarly, results that validate those GI practices positively affect organizational performance. With GI practices, firms revise their operations throughout the manufacturing process to ensure low carbon emission, toxic material, and waste material in the ecosystem, increasing organizational performance (Tang et al., 2018; Wang et al., 2021). GI practices that are backed by GIIoT will facilitate the firms to protect their internal and external environment which will have an ultimate impact on organizational performance.



CONCLUSION, IMPLICATIONS, LIMITATIONS, AND PROSPECTS

Based on the institutional theory, this research observes the different external pressures on Harbin’s manufacturing firms to adopt green technologies and practices. The results revealed that the adoption of GIIoT was positively correlated with CP, NP, and MP. These pressures, e.g., making the adoption of GIIoT by businesses, make them firmly committed to achieve their environmental goals. Furthermore, results also determine the adoption of GIIoT as the pillar for implementing GI practices, which will secure the internal and external environment of the firm. GI practices improve organizational performance by reducing costs, saving resources, dealing with waste, and reducing carbon and toxic emissions.

Based on the outcomes, this study has certain theoretical and managerial implications. First, this study contributes to the limited literature on the adoption of emerging technologies, such as GIIoT and GI practices, in the context of manufacturing organizations. The research uses institutional theory as a theoretical lens, demonstrating its importance in the adoption of GIIoT. Furthermore, this study reveals that GIIoT is a helpful tool and strategy for implementing multiple GI practices for efficient resource utilization and environmental protection, which also contribute to the existing knowledge. Third, the findings also show that GI practices are significant predictors of organizational performance. In addition, the research also provides practitioners with a clear perspective to understand technological advancements and adoption in business operations. Research shows that GIIoT-assisted GI practices have a dramatic impact on organizational performance by minimizing industrial costs, waste disposal, and efficient decision-making. Managers need to define such strategies to effectively utilize the corresponding processes and policies for better organizational performance. It has been seen that our environment has changed dramatically, and some changes are about to happen due to the advancement of the IoT. It is estimated that the GIIoT will bring substantial changes to our industry and will lead to a greener environment. GIIoT not only helps other industries reduce the greenhouse effect but also reduces the environmental impact of the IoT itself. Therefore, the application of GIIoT has been committed by the managers to save energy and reduce carbon dioxide emissions and pollution hazards. Therefore, organizations can improve GI practices by adopting GIIoT.

Nonetheless, the current study has some limitations and based on this, some future research directions are proposed. The study was limited to developing countries, and results in developed countries may vary. Thus, future investigations should be performed in developed countries to better understand. Furthermore, these data are only collected in one provincial capital, which may hide its generalizability. Future researchers could collect data in different cities in the country or add different organizations from other countries. This study was conducted over a limited period and was not longitudinal. Therefore, future investigators should conduct longitudinal studies to avoid bias in the findings. Finally, this study only mentions the impact of institutional theory on the adoption of GIIoT while ignoring other organizational factors, such as perceived critical mass, organizational support, and external factors that affect the adoption of GIIoT. Therefore, future research can extend this model by incorporating these internal and external factors to measure GIIoT adoption.
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