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Amid rising market competitiveness, Industry Revolution (IR) 4.0 oriented technological integration is considered an imperative driver of sustainable organizational performances and green supply chain management. This study explores the role of IR 4.0 powered process technology innovation in enhancing Leanness, Green Supply Chain Management, and Organizational Performance (including operational, economic, and environmental) during COVID-19. For this purpose, a novel conceptual framework was developed, and Partial Least Square-Structural Equation Modelling (PLSM) was employed on primary data of 314 respondents collected from Chinese manufacturing industries. Moreover, Multi-Group Analysis was also implemented to compare firms’ willingness to implement IR 4.0 technologies powered process innovation. The results exhibit that Green IR 4.0 powered process technology innovation improves firm’s leanness and stimulates environmental, optional, and economic performances. Similar findings are endorsed through the green supply chain management channel. Manifestly, COVID-19 instigated firms to adopt IR 4.0-based technological processes for efficient supply chain management. Based on these results, organizations are recommended to integrate IR 4.0 induced technology innovation to spur manufacturing firms’ eco-economic and operational performance.
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1 INTRODUCTION
In recent times, firms have been facing immense pressure to have a higher level of technology and, accordingly, transform their supply chain to maintain their relevance in the market (Giovanni and Cariola, 2021). In addition to this, with the ongoing debate related to the relevancy and scalability of the Industry Revolution (IR) 4.0, several technological solutions are available. These include the internet of things, big data, Cyber-physical systems, Augmented Reality (AR) and simulation, 3D printing, Automated Guided Vehicles, and so on (Ivanov et al., 2019; Kanapathy et al., 2022). These solutions are designed to bring operational excellence in organizations by deploying green investments and offering a solution through technology innovation (Preeker and De Giovanni, 2018).
Conventionally, specific solutions related to manufacturing have been reported as consistent, reliable, and robust for operational excellence. Among them, the philosophy of lean is the most utilized and followed (Jasti and Kodali, 2015; Buer et al., 2018). Lean manufacturing philosophy has been explained as a combination of multiple operations and practices deployed to eliminate non-value-added activities and all kinds of wastes, including human motion, inventory, process duplication, and so on (Womack et al., 1990). In lean philosophy, the organization aims to enhance their productivity and efficiency, performance, sales, customer value, and satisfaction (Yang et al., 2011) through implementing best practices of lean; organizations tend to attain the leanness at a certain level (Genc and De Giovanni 2018).
In terms of environmental friendliness, lean practices should positively affect environmental quality; however, scholars have a certain level of disagreement regarding this relationship (Giovanni and Cariola, 2021). Researchers in favor of positive relationships highlight that implementing lean practices reduces wastage and excessive operations that negatively affect the environment (Genc and De Giovanni, 2017). However, researchers also argue that both phenomena can have negative relationships. This is because a lean organization which is principally operated as customer-focused and incorporates customization by customers will have production batches that are relatively larger with small sizes, leading to additional startup and processing costs, and in turn to the destruction of the environment (Venkat and Wakeland, 2006). And this situation does not just reside with the manufacturing firm itself; it follows along the whole supply chain (Giovanni and Cariola, 2021). Therefore, there is a need to explore these relationships better.
In addition, the regular worsening and destruction of ecology and human health is motivating individuals to consume responsibly (Najmi et al., 2021a) and demanding organizations fulfil their extended responsibilities (Najmi et al., 2022). Moreover, not just customers but also government institutions are forcing organizations to increase compliance with the rules and directives governing environmental safeguarding (Ahmed et al., 2021). Therefore, organizations are transforming their supply chain towards more environmentally friendly decisions and moving towards having practices oriented to Green Supply Chain Management (GSCM) (Ahmed et al., 2018). It does not just include the incorporation of environment orientation in the forward supply chain, sourcing, manufacturing, and selling, but also includes the disposition of product when it is consumed (Najmi et al., 2021b), calling back products (Najmi et al., 2019), and recycling (Razzaq et al., 2021). Nevertheless, implementation of GSCM is not easy, and requires sound financial investment and participation of all related stakeholders (Ahmed et al., 2020a).
Innovation is a term that reflects novelty, recency, advancement, and high efficiency, and is considered an important determinant of organizational performance and competitiveness (Ahmed et al., 2020a). Therefore, despite the association of lean GSCM with organizational performances, there will still be a need for innovation to assist in achieving operational, economic, and environmental excellence (Ahmed et al., 2020a; Giovanni and Cariola, 2021). Especially in recent times, when the technological solution of IR 4.0 powers involve innovation, there is the highest probability that organizational performance excellence will be easily achieved. However, these require empirical investigation to back the arguments with practical justification and reasoning. Hence, this study seeks the answers to the following research questions:
RQ1: To what extent do lean and GSCM contribute to excelling organizational performances (including operational, economic, and environmental)?
RQ2: How does IR 4.0 powered process innovation enhance the relationships of lean and GSCM with organizational performances (including operational, economic, and environmental)?
2 LITERATURE REVIEW
2.1 Leanness and Green Supply Chain Management
The operationalization of lean practices to acquire a competitive advantage is integral, especially in current manufacturing in challenging business environments (Giovanni and Cariola, 2021). Moreover, it has been reported in a study that more than 80% of the studied sample agree to adopt the lean strategy in their manufacturing operations for the attainment of a competitive advantage (Dombrowski and Mielke, 2012). Whenever there is a discussion of lean philosophy, there are some crucial elements that form its foundations. These include: reduction in the generation of waste and non-value added activities, reduction in excess inventory and lead times, and the transformation of the overall organizational culture where continuous improvement and innovation are encouraged (Martínez-Jurado and Moyano-Fuentes, 2013; Giovanni and Cariola, 2021). Similarly, lean manufacturing has been explained as a value addition process in which there is a transformation of raw material into a value-added product after following the principles of lean as discussed earlier (Jasti and Kodali, 2015; Buer et al., 2018; Genc and De Giovanni, 2018). In addition to this, when a firm follows the lean philosophy and reduces the generation of waste by improving resource optimization, it eventually contributes to the greenness of the environment, and such practices and operations are considered environment-friendly operations (Giovanni and Cariola, 2021).
According to Dües et al. (2013), there is a high correlation between lean and green when operationalizing and integrating them at different levels, including fulfilling customer demands, reducing lead times, and improving product design. On the other hand, companies that implement lean practices move towards green philosophy (Franchetti et al., 2009; Inman and Green, 2018). The concept of Green Supply Chain Management (GSCM) revolves around the ideology of collaboration and coordination among the supply chain partners for environmental betterment and well-being (Wong et al., 2015; Ahmed et al., 2018). Hence, for the coordination, there is a need to have synergy among the partners and a common understanding of environmental protection. GSCM has pushed the philosophies beyond the boundaries of a single organization (Vachon and Klassen 2006). Researchers agree that for an environment-friendly operation that follows the GSCM principles, the manufacturing concerns need to be efficient (De Giovanni, 2016; Colicchia et al., 2017). Hence it is proposed that:
H1a: Leanness of the organization directly enhances the level of organizational GSCM.
2.2 Leanness and Organizational Performances
In the current study, there are three kinds of organizational performances studied. These are environmental, operational, and economic performances. Considering the relationship between leanness and ecological performance, despite the positive attributes that leanness contributes to environment and ecology, there is a disagreement in terms of the nature of the relationships (Giovanni and Cariola, 2021). For instance, Dhingra et al. (2014) reported that firms could easily improve their corporate reputation and profile in terms of greenness through leanness. However, not all leanness necessarily contributes to the environment. For instance, removing excessive inventory is one of the principles of leanness, and by doing that, there will be the production of small batches; however, due to such small batches, there will be more frequent transportation expenses across the supply chain, thus leading to environmental pollution through carbon emissions (Venkat and Wakeland, 2006; Ramani and De Giovanni, 2017). Hence, there will be a tradeoff on whether the organization should opt for leanness or greenness as products and resources optimization are often done at the cost of the environment (Inman and Green, 2018). Despite this, leanness foundations are built on the principles of waste elimination; thus, it will also be beneficial for the environment. Hence it is proposed that:
H2a: Leanness of the organization directly enhances organizational environmental performance.
H2b: Leanness of the organization indirectly enhances organizational environmental performance.
There should not be any doubt that whichever firms opt to have leanness in their operations is doing it to improve their operational and financial performance (Martínez-Jurado and Moyano-Fuentes, 2013). For instance, when the firm is willing to reduce the lead time without impairing any other efficiencies and eventually do it successfully, it will improve both operational and economic performances (De Giovanni, 2017). However, this is not the case in every situation. For example, for customer service, if a firm offers customized products, it is challenging to handle operationally. In contrast, when the firms implement a continuous improvement philosophy, frequent changes adversely affect economic and operational performances (Giovanni and Cariola, 2021). Additionally, during these changes, there will be an additional expenditure of training, monitoring, sacrifice of product quality, and so on (Duhaylongsod and De Giovanni, 2019). However, leanness is expected to enhance the organizational operational and economic performance in the long-term. Hence it is proposed that:
H3a: Leanness of the organization directly enhances the level of organizational operational performance.
H3b: Leanness of the organization indirectly enhances the level of organizational operational performance.
H4a: Leanness of the organization directly enhances the level of organizational economic performance.
H4b: Leanness of the organization indirectly enhances the level of organizational economic performance.
2.3 Green Supply Chain Management and Organizational Performances
As already discussed, the concept of GSCM encompasses all of the aspects of the typical supply chain (Ahmed et al., 2018) and enhances the level of collaboration between the supply chain partners (Ahmed et al., 2021) for environmental betterment and well-being (Ahmed et al., 2020b). In addition to this, for successful implementation of GSCM, firms need to have suppliers on board (Najmi et al., 2020), transformation of internal operations towards green (Ahmed et al., 2019), and the concerns of the relevant stakeholders (Ahmed et al., 2021). Through the implementation of GSCM, there are several benefits that a firm can extract. These include improvement in profits because of resources’ optimization (Ahmed et al., 2021), an increase in sales due to improved corporate image and reputation (Giovanni and Cariola, 2021), and extending competitive advantage (Rao and Holt 2005). In addition to this, researchers have documented the positive association between GSCM and competitiveness and environmental excellence (Chen et al., 2015), economic performance (Bowen et al., 2003), and operational performance (De Giovanni and Ramani, 2017). However, certain researchers are against these findings (see De Giovanni and Vinzi, 2014; De Giovanni (2017); Rao 2002). Hence, despite the contrasting evidence, it has been assumed that:
H5a. GSCM directly enhances the level of organizational Environmental Performance
H6a. GSCM directly enhances the level of organizational Operational Performance
H6b. GSCM indirectly enhances the level of organizational Operational Performance
H7a. GSCM directly enhances the level of organizational Economic Performance
H7b. GSCM indirectly enhances the level of organizational Economic Performance
2.4 Environmental Performance, Operational Performance, and Economic Performance
The different aspects of organizational performances have interesting relationships within themselves. For instance, for environmental performance, firms opt for consuming green inputs that normally are not up to the mark in terms of quality, which adversely affect operational performance and economic performance (Kirchoff et al., 2016). On the other hand, implementing green initiatives for environmental performance, which are comparatively dearer than conventional investments, leads to adverse effects financially, but the benefits are reaped over a longer period of time (Ahmed et al., 2018). Thus, despite the contrasting evidence, it has been assumed that:
H8a. Environmental performance directly enhances the level of organizational Economic Performance
H9a. Environmental performance directly enhances the level of organizational Operational Performance
H9b. Environmental performance indirectly enhances the level of organizational Operational Performance
In addition to this, theoretically, operational performance directly correlates with the firms’ economic performance. This is because, for improving operational performance, an organization takes certain initiatives, like improving productivity, optimizing resources, eliminating non-value-added activities, improving sales, enhancing market share, attaining competitive advantage, and so on (De Giovanni and Zaccour 2019; Ahmed et al., 2021). And by doing that, it is more likely that this will improve the organization’s financial position, profits, and economic performance.
H10a. Organizational Operational Performance enhances the level of organizational Economic Performance.
2.5 Interaction of Process Innovation Through Industry 4.0 Technologies
Another objective of the current study was to explore the role of Industry revolution (IR) 4.0 powered process innovation in better organizational outcomes. Though the organizations are quite aware of their environmental responsibilities and are taking necessary initiatives to meet their environmental targets, they are either reluctant or not sure about the benefits and scalability of innovation through IR 4.0 powered technologies (Chiarini et al., 2020). On the other hand, Liu and De Giovanni (2019) confirms the association between GSCM, leanness, and organizational performance. Furthermore, Buer et al. (2018) highlighted that IR-based innovation is being made to improve productivity and efficiency, which aligns with the principles and foundations of lean. With the help of investing in IR 4.0, firms will be in a position to incorporate smart technologies like the internet of things, robotics, big data, cyber-physical systems, and so on (Kanapathy et al., 2022), which improves the operational, economic, and environmental outcome of the organization. However, due to the stakeholders’ reluctance, rigidness, and non-cooperation, firms resist taking such initiatives. Hence, the present study intends to compare whether that companies are willing to implement process innovation powered by IR 4.0 technologies are better in their operations than those companies that resist. Therefore, it is proposed that:
H1–H10c: IR 4.0 powered process innovation enhances the earlier proposed hypotheses (H1–10).
The conceptual framework is presented in Figure 1, following the above discussion.
[image: Figure 1]FIGURE 1 | Framework of the study.
3 METHODOLOGY
3.1 Research Approach and Design
To empirically investigate the proposed hypotheses (discussed in the previous section), the current study utilizes the Quantitative research approach. It involves the numeric data drawn by the outcome, logic, and results. After incorporating specific statistical analysis, it should also be noted that because of this kind of research approach, the logical conclusions and outcome can be drawn by utilizing the primary data collected from the potential samples and that such findings are treated as generalizable for the whole population, of which such a sample is representative of (Cooper et al., 2006). Moreover, within the quantitative research approach, there are various research methodologies that can be selected depend upon the objectives and nature of the study. Likewise, following the current study’s objectives, the survey research design was chosen. In such a research design, a survey questionnaire is developed that reflects the studied phenomena and upon which the potential respondents’ responses are sought. However, this methodology needs to be followed by addressing certain precautions as, otherwise, the collected data and the generated outcome could be biased and inferior. Therefore, following the guidelines of Hulland et al. (2018), there was a development of a survey questionnaire that intends to ask the questions measuring the studied phenomena and the queries catering for the demographic information of the respondents discussed in the following section.
3.2 Questionnaire Development
As mentioned earlier, for the purpose of collecting the data, a survey questionnaire was designed, which was self-administered and intended to measure the studied phenomena, along with the queries catering for the demographic information of the respondents. The researchers relied on the existing developed scales for measuring the studied phenomena as they have already been tested and validated in other studies. Therefore, the researchers adapted the measuring questions from the sources listed in Table 1. Moreover, on all of these questions, the respondents were asked about their level of agreement on the 5-point Likert Scale, which stated that “1 represents Strongly Disagree,” “2 represents Disagree,” “3 represents neither Disagree nor Agree,” “4 represents agree,” and “5 represents Strongly Agree.” Furthermore, for the demographic questions, respondents were asked about their gender, age, size, and nature of the organization they belonged to. In addition to this, following the objective of understanding the potential role of process innovation through IR 4.0 technologies in improving the overall supply chain performances, an additional question was added to the questionnaire seeking the respondent’s willingness to implement such technologies for process innovation. Such a question is intended to act as the moderator and hence requires additional application of Multi-Group Analysis (discussed in Section 4.3.3).
TABLE 1 | Source of measures.
[image: Table 1]3.3 Face and Content Validity
Apart from relying on the same statements, the researchers also validate the understanding of the questions through the experts about the face and the content. The purpose behind this is to remove confusion and ambiguity that may arise in the respondents’ minds when responding to the survey questions. Since the current study is based on the data collected from the Chinese respondents, and as the respondents’ first language is not supposed to be English, therefore the comprehension of the statements of the measurement scale needs to be easy to comprehend and understand. Therefore, a panel of five experts comprising of two languages and three subject-related individuals was consulted. The comments and improvements suggested by the individuals were incorporated, and then the questionnaire was made available for the data collection.
3.4 Sample and Data Collection
Since the geographical context of the current study resides in China and the study’s objectives are focused on resource optimization and environmental well-being, only the supply chain professionals from those companies were approached for data collection through the questionnaire that is, ISO14001 certified. Initially, 1,000 questionnaires were circulated, and 390 respondents responded, leading to a response rate of 39%. Among those 390, the responses having missing values and identified as univariate and multivariate outliers were eliminated following the discussions by Hair et al. (2010), leading to the useable sample of 314 respondents upon which the statistical analysis was applied.
3.5 Ascertaining Common Method Variance
In the research involving survey design, there is a significant likelihood of having methodological and operational biases, which accordingly need to be controlled; otherwise, they lead to distorted and inaccurate outcomes (Podsakoff et al., 2012). Such kinds of unexpected and unwanted variance, which have the potential to inflate the outcome, are termed as “Common Method Variance” (CMV) (Podsakoff et al., 2003). Hence, for the exploration, the study employs Harman’s (1967) single factor test also applied in other related studies (see Najmi and Ahmed, 2018). In addition to this, another test was applied to gauge the level of CMV proposed by Kock (2015) and is named Full Collinearity Assessment. Both of the tests nullify the presence of CMV.
3.6 Demographic Profile of Sample
The final data sample for the current study comprised 314 respondents that belong to the ISO 14001 certified companies from China. The majority of the respondents were male, accounting for 58%, and were aged between 31 and 40 years, accounting for 45% of the data. In terms of the size of the companies the respondents belong to, 90 (29%) were from companies with less than 100 employees, 102 (32%) were from companies with employees between 101–250, 79 (25%) were from companies with employees between 251–450, and 43 (14%) were from companies with greater than 450 employees. In terms of the nature of the business, 74 (24%) were from the automobile industry, 119 (38%) were from the electronics industry, 49 (16%) were from the chemical industry, 45 (14%) were from the Pharmaceutical industry, and 27 (9%) were from industries other than those mentioned earlier. The demographic profile of the respondents are listed in Table 2.
TABLE 2 | Descriptive statistics.
[image: Table 2]4 ESTIMATIONS AND RESULTS
Based on the objective and the conceptual framework proposed in Figure 1 and exploring the direct relationships of predictors with the criterion variables, the current study also explained the indirect and the exploration of the role of technological innovation as moderator. Therefore, because of the complexity of the research framework, the current study employs the application of Partial Least Square-Structural Equation Modelling (PLS-SEM) as its technique belongs to the second generation and is known for explaining greater variance from the data when the models are complex (Hair et al., 2019). However, the application of PLS-SEM was made through SmartPLS, which was designed by Ringle et al. (2015). Additionally, the guidelines discussed by Hair et al. (2016) were followed, which suggested applying PLS-SEM in two stages. The first stage involves assessing the outer model, and the later stage consists in evaluating the inner model.
4.1 Assessment of Outer Model
As per Hair et al. (2016) guidelines, the outer model is also referred to as the measurement model. It involves examining the relatedness of the measuring items with their respective construct, referred to as convergent validity. The level of un-relatedness that the measuring items of a construct possess with the measuring items of another construct is denoted as discriminant validity (Mehmood and Najmi, 2017).
Firstly, the assessment of convergent validity is done using three criteria. The first is that factor loading must be larger than 0.7 (Hair et al. (2016); the second is that internal consistency, which is assessed by Cronbach’s Alpha and Composite Reliability, should also be larger than 0.7; and Average Variance Extracted (AVE) which according to Hair et al. (2016) must be larger than 0.5. Table 3 summarizes the assessment of convergent validity.
TABLE 3 | Measurement model results.
[image: Table 3]For the discriminant validity, three criteria have been utilized in the current study. Firstly, according to Gefen and Straub (2005), the loading of a factor into its respective construct must be higher, and the difference between the higher respective loadings and the loadings into other constructs, referred to as cross-loadings, must be greater than 0.1. Table 4 summarizes the assessment of discriminant validity through the criteria of cross-loadings.
TABLE 4 | Results of loadings and cross loadings.
[image: Table 4]The second criterion for assessing discriminant validity is Fornell and Larcker (1981) criterion. According to this measure, the square root of AVE of a particular construct should be higher than all of the values representing correlations of a construct with all of the other constructs. Referring to Table 5, the value which is highlighted and placed at the diagonal line is the square root of AVE, whereas the values other than the diagonal values are the correlations among the constructs. It is evident that based on the criteria proposed by Fornell and Larcker (1981), the outcome listed in Table 5 reflects the meeting of the discriminant validity.
TABLE 5 | Discriminant validity Fornell-Larcker criterion.
[image: Table 5]The third criteria utilized for the assessment of discriminant validity is “Heterotrait-Monotrait ratio of correlations” (HTMT). The criteria is the latest one that Henseler proposes, and, since its proposition, has been used in many studies. Henseler et al. (2015) proposed that the threshold for HTMT is 0.85. The outcome listed in Table 6 summarizes the HTMT correlations and confirms the accomplishment of the said criteria.
TABLE 6 | Results of HTMT ratio of correlations.
[image: Table 6]4.2 Assessment of Inner Model
In the inner model, the predictability, relevancy, and accuracy of the predictor variables while linking them with the criterion variables is assessed, which is necessary in accordance with the guidelines proposed by Hair et al. (2016). Though for this assessment, the nature and operationalization of the predictor variables are extremely important, as their nature, number, and theoretical connectivity with the criterion variables decide the level of explanation that is, made of criterion variable. Still, there are certain thresholds that provide an interpretation to the generated outcome. For instance, Cohen (1988) suggested that with R-Square, which is the measure of “coefficient of determination”, any value which is greater than 0.25 is substantial. In contrast, values found between 0.02 and 0.25 are said to be between weak and moderate. On the other hand, Hair et al. (2016), suggested that with the Q-Square, which is the measure of Stone Geisser’s Cross-Validated Redundancy, that a value is acceptable if found to be more than 0. The generated outcome for these measures is listed in Table 7.
TABLE 7 | Predictive power of construct.
[image: Table 7]4.3 Hypothesis Testing
After assessing both the inner and outer models, the hypotheses testing was proposed in Section 2 of the current study. Another advantage of using PLS-SEM is that it computes the significance by following bootstrapping, which involves generating multiple subsets from the data. According to Hair et al. (2016), the recommended number of sub-samples should be 5000. This led to the generation of robust and reliable significance.
4.3.1 Direct Effects
Firstly, the effects of leanness were studied with the rest of the variables, as shown in Figure 1. The impact of Leanness on GSCM is found to be positive and significant [image: image], which is also significant at a 1% level of significance. It reflects that an improvement in leanness by 1% will improve the GSCM by 19.2% (Table 8). This means that when the organization opts for maximum utilization of resources and follows the methodology of improving productivity through continuous improvement and gradual elimination of non-value-added activities, it also contributes to the philosophy of the GSCM, which shares the values with the leanness when it comes to environmental well-being, resource optimization, and elimination of waste and non-value-added activities. In addition to this, the impact of Leanness on Environmental Performance is also found to be positive and significant [image: image], which is also significant at 1% level of significance. It shows that an improvement in leanness by 1% will improve the ENP by 27%. This means that when the organization follows the philosophy of leanness and strives to improve productivity and continuous improvement, it will also improve environmental performance as there will be a smaller consumption of resources and operations. Similarly, leanness is also found to be positive and significant in operational performance [image: image], and economic performance [image: image] which is also significant at 1% level of significance. It is a reflection that improving leanness by 1% will improve the OPR by 25.3% and ECP by 13.5%. This is because leanness, where there is a regular elimination of non-value-added activities and an improvement in consumption of resources for optimization, will not just improve the operational performance, but also expand the economic benefits through reduction in consumption of resources and its respective optimization.
TABLE 8 | Results of path coefficients (direct effects).
[image: Table 8]Secondly, the role of GSCM in improving organizational performances was evaluated against three aspects: environmental, operational, and economic. All of these relationships were found to be significant and positive at 1% level of significance, which means that enhancing the level of GSCM will improve all of these performances. An improvement in GSCM by 1% will improve the ENP by 17.4%, upgrading in GSCM by 1% will improve the OPR by 15.4%, and improving GSCM by 1% will improve the ECP by 26.1%. These relationships are justified when the organization strives for greenness in its operations and performance. There will be an improvement in the quality of environment as there will be a lesser level of pollution and carbon emissions, thus improving environmental performance. Similarly, due to greenness, there will be less consumption of resources due to its optimization, leading to improved operational performance. Since there will be a reduction in the consumption of resources, it will lead to improved financial performance, which is the organization’s economic performance.
Thirdly, the relationships among the three kinds of performances were evaluated and environmental performance was found to improve operational performance through less pollution and carbon emissions. This is because of the improved environmental performance because of the efficient utilization of resources, which leads to improved operational efficiency performance. Similarly, environmental performance is also found to improve the economic performance, as less pollution and carbon emissions will reap more financial benefits, thus increasing economic performance. Likewise, such operational performance will also lead to improved economic performance because when there is comparatively a lesser investment in resources, there will be an improvement in economic performance. The outcome of the direct relationships is listed in Table 8.
4.3.2 Indirect Effects
Similar to the outcome of the direct effects listed in Table 8, the indirect effects were also statistically significant for all of the studied relationships (Table 9). According to Giovanni and Cariola (2021), this kind of relationship is evidence of the presence of a long-term effects. This is because regular operations within the organization will continue improvement, elimination of waste, and reduction in non-value-added activities. These improvements in an organization’s environment, operational, and economic performances are already discussed in the direct relationships. The same is seen for the association of GSCM with operational and economic performance and environment with economic performance. Thus, for organizations, the investments made in the lean and GSCM will continue to have benefits over a long period.
TABLE 9 | Results of path coefficients (indirect effects).
[image: Table 9]4.3.3 Multi-Group Analysis
In the current study, one of the objectives was to evaluate the role of process innovation through investing in IR 4.0 technologies. Moreover, since that question is categorical, a Multi-Group Analysis was performed. The group is divided into two based on the categories and their path coefficients, and the explanation of variation is compared. If there is a significant difference between the groups, then the role of process innovation is said to be integral; otherwise, its implementation is not recommended.
The outcome generated revealed the role of process innovation in improving GSCM through Lean and improving operational performance through lean. This reflects that through lean, when non-value-added activities are eliminated, standardization in the operations is being done, and delivery time is optimized; it will improve the greenness of the supply chain, whereas these improvements in operations also lead to improving the operational performance. Additionally, the role of process innovation in operational and economic performance is also significant. This reflects that technology innovation in the process also enhances economic performance as it will optimize the consumption of resources and reap enhanced financial and economic benefits. The generated outcome of multi-group analysis for direct effects is listed in Table 10.
TABLE 10 | Results of multi group analysis (direct effects).
[image: Table 10]The long-term benefits of lean toward improving the operational performance are also reported through the outcome listed in Table 11, which remains legitimate when process innovation through technology is implemented. This suggested that organizations need to invest in the IR 4.0 technologies as it continues to reap benefits over a more extended period. Similarly, this also assists in transforming environmental performance into economic performance. Hence, improving environmental performance for a long time through process innovation powered by IR technologies will enhance financial performance. The generated outcome of multi-group analysis for indirect effects is listed in Table 11.
TABLE 11 | Results of multi-group analysis (indirect effects).
[image: Table 11]5 CONCLUSION AND RECOMMENDATIONS
The surge in competition urges market organizations to instigate innovation and remain relevant and competitive. For that, it is of the utmost importance that organizations have increased productivity and efficiency, which eventually will assist them in attaining and sustaining competitive advantage. Following the restrictions by government agencies and pressure from customers and other related stakeholders, a firm needs to think beyond its own financial gains and benefits. Moreover, the gradual destruction to the quality of the environment and ecology demands firms to have environmental excellence in addition to economic and operational well-being.
The conventional solution to address the operational, economic, and environmental problems is implementing lean and green practices within the supply chains. For operational and economic excellence, firms heavily rely on implementing lean practices. In contrast, to mitigate the adverse repercussions to the environment, the implementation of GSCM practices is beneficial. However, both lean and GSCM share a significant portion of similarity as both philosophies urge to mitigate wastages and elimination of non-value-added activities. However, having the right fit between the two needs to be attained by firms. This is because if a firm opts for improving operational performance and targets the elimination of excessive stock, it will, through reducing the amount of inventory and production, but it increases the startup of the machinery and the level of pollution due to such a rapid startup. On the other hand, when firms opt to consume green inputs, they are likely to increase their financial expenditure as such green products are relatively more expensive than conventional products. Hence, the right strategic fit between leanness and GSCM must be maintained.
To attain the strategic fit, firms need to have technological innovation that are deployed to improve the supply chain processes. Additionally, in the era of IR 4.0 there are several potential solutions available to firms through which organizational excellence in terms of performance can be achieved. However, firms still seem resistant when they are told about innovation, technological advancements, and business operation changes. Therefore, the present study is conducted to explore the role of Industry Revolution 4.0 powered process innovation in enhancing the Leanness, Green Supply Chain Management, and Performance of the Organization (including operational, economic, and environmental). Through the employment of a survey research design, a self-administered questionnaire was formulated, through which 314 responses from supply chain professionals working in ISO 14001 certified Chinese manufacturing companies were received. With the collected data, the application of PLS-SEM is made to assess the nature and significance of direct and indirect relationships, whereas Multi-group Analysis was applied to assess the presence of difference of variances between the relationships of firms willing to implement the process innovation powered by IR 4.0 and the firms not willing to implement. The generated outcome reported significant and positive relationships among the studied hypotheses, whereas, while assessing the interaction effect of technological process innovation, a few of the relationships were found to be significant and supported, which are thoroughly discussed in Section 4.
Based on the findings, the current study offers multiple policy implications. Firstly, the empirical evidence suggests that there is no one-size-fits-all solution regarding the generic level of strategic fit. Firms need to obtain an equilibrium point according to the nature of their business and respective operations. Secondly, both leanness and GSCM enhance the performance; therefore, firms need to promote a culture of innovation, advancements, and continuous improvements through which any sort of structural and/or operational changes are welcomed by the internal and external stakeholders of the supply chain. Thirdly, since the cost of technology and advancements is expensive and firms used to have a low return of investments in the short run, any decision regarding technology implementation should not be backed by short-sightedness and must be given enough time to reap the expected financial, operational, and environmental benefits. Lastly, firms need to encourage the other supply chain partners in terms of their support, acceptance, and transformation towards more environment-friendly initiatives.
Based on the limitations, there are also various future research recommendations. Firstly, firms need to explore the determinants and success factors that can assist in implementing lean and green initiatives. Relevant literature has urged the exploration of the role of top management support, employee commitment, collaboration and integration among the partners, etc. Secondly, the current study is based on data from multiple companies, which may have a certain level of heterogeneity that is, quite obvious because of the change in the nature of the business. Therefore, there is a need to have industry-specific studies to draw precise conclusions and recommendations. The current study explains only linear relationships among the variables in terms of methodology. Thus, exploration through machine learning-based techniques can assist in exploring non-linear variance among the studied phenomena. Lastly, the current study is based on the operationalization of lean and GSCM as generic constructs. Hence, it is recommended to explore the relationships of the practices precisely and separately like eco-design, elimination of waste, reverse logistics, and integrated environmental management.
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