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Abstract

:

Notwithstanding the impact of sustainable innovation on environmental management, its bearing on industrial performance remains hypothetical. Our study seeks to empirically investigate the link between sustainable innovation and industry performance in the United States by employing the generalized method of moments on a nine-year panel spanning from 2014 to 2022. The sample consists of 94 U.S industries, which covers about 7300 companies. The results show that sustainable innovation is not significantly related to industrial performance in the United States. However, it has a moderating effect on industrial output. The Arellano–Bond test, AR (2), confirms the robustness of our findings given the endogeneity assumption and model specifications, and the Hansen test confirms the validity of the instruments. This study expands our knowledge of the link between sustainable innovation and industry performance. A study of this kind is relevant in current times as the United States seeks to attain Sustainable Development Goal 9 by 2030. Further, it provides theoretical guidance on successful environmental management practices to enhance social welfare and maximize output.
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1. Introduction


Sustainable innovation is crucial when corporate entities seek to recover fully from the ravages of a global pandemic such as COVID-19 [1,2]. It signifies the delivery of social, environmental, and economic value through innovation in industrial activities [3]. It also ensures the commercialization of innovative ideas to resolve an environmental or social issue to enhance social welfare [4,5]. The practice of innovation in a sustainable manner is geared towards safeguarding the socioeconomic environment at a time when companies are bent on increasing output consistently [6]. Previous studies have demonstrated that companies can enjoy higher profits when they increase their innovative preferences [7,8], enabling them to be socially accountable. Corporate entities tend to be more responsible in their societies when they enjoy higher financial outputs [9]. However, these high outputs come at a cost to social welfare. Carbon emission rises in this case [10], and acts as a negative externality to social welfare. Thus, in the quest for industries to obtain higher financial standing, production is continually heightened, resulting in social welfare loss [11], hence the need for sustainable innovation. The purpose of this study is to establish the link between sustainable innovation practices and the performance of United States industries (Appendix A). The context is critical, with the United States being the most developed nation in the world, thereby having a higher tendency to emit pollutants. Also, a study of this kind, with a focus on the United States, is necessary as the world seeks to achieve Sustainable Development Goal 9 (build resilient infrastructure, promote inclusive and sustainable industrialization, and foster innovation) by 2030, with the United States being a very active member in the Sustainable Development Goals (SDGs) agenda.



The focus of innovation was hitherto solely centered on its ability to foster higher growth quantitatively [12]. However, its direction has now shifted to ensuring higher output with quality, i.e., being concerned about sustainable production processes and the consequences of applying technology in the management of the environment [13,14]. Sustainable innovation implies developing and implementing new ideas, services, technology, or business plans with positive environmental and socioeconomic impacts. On the other hand, industrial performance signifies the effectiveness and efficiency of industrial processes and is reflected in the level of output or productivity. The increasing production pattern and the phenomenal pace of industrialization lend credence to the need for a study focusing on sustainable innovation and how that impacts industrial productivity. This is to aid in bridging the gap between continuous production and the imperativeness of environmental management [15]. Sustainable Development Goal 9 (build resilient infrastructure, promote inclusive and sustainable industrialization, and foster innovation) emphasizes the need for innovation in industrial activities towards reducing social costs and maximizing benefits. Sustainable innovation is therefore believed to be the panacea to gaining social and environmental value [16]. Research has shown that it fosters higher demand for industrial products because consumers are now drifting toward sustainable products [11]. This enables companies to increase value and enhance their competitive power [13].



There is much concern about environmental destruction and its impact on human health in the United States. Hence, forceful action is taken on climate change and environmental degradation [17]. Captured in the nation’s policy decision is a concerted effort to minimize environmental pollution. Also, the Sustainable Development Goals (SDGs), meant to be achieved by 2030, offer a set of critical economic and environmental dimensions regarding environmental management and its sustainability [18]. These dimensions apply to all nations irrespective of their income levels since it is a continuum of progress that no country has fully attained, and the United States is no exception. The SDGs offer a shared framework to improve the coherence of U.S. priorities and interventions on the environment [19]. Research has indicated that the general economy offers significant opportunities when managing the environment efficiently [20]. It is worth noting that the U.S. was not on track to achieve its SDGs even before the pandemic [17]. However, there is a targeted effort to deal with this concern by applying technological innovation.



In as much as the Sustainable Development Goals are set to be achieved by 2030, there seem to be managerial challenges that impede its attainment. First, there is the issue of acceptability by the whole government body. Thus, goals must be welcomed by all branches of government to ensure effective implementation. Also, there is the problem of engagement of all sectors of society. Successful implementation of the SDGs requires a joint effort of governments, the business community, the general citizens, and society at large. Furthermore, acceptance by financial institutions is critical. The role of financial institutions in the mobilization of resources is fundamental; hence, their cooperation is needed to attain the SDGs. Finally, the issue of accountability by stakeholders is paramount to generating the necessary support for the implementation of the SDGs. All stakeholders must be held accountable for their role in attaining the SDGs.



This study is conducted on 94 United States industries, covering about 7300 companies. The generalized method of moments (GMM) is employed in the empirical analysis. The GMM is a dynamic estimator that minimizes possible endogeneity. Our research has both empirical and theoretical contributions to the existing knowledge in the literature. Theoretically, a more nuanced understanding of the link between sustainable innovation and industrial performance is provided. Also, the scholarly discourse on sustainable innovation and industrial performance is enhanced by our study [21,22,23,24]. It also provides empirical reasoning to practitioners on enhancing sustainable innovation practices to maximize social welfare.



This paper is structured as follows: The first part introduces the topic, including the subject of analysis and this study’s objectives. The next section reviews the literature related to this study. The subsequent section captures the methodology and data used for this study. The next section presents this study’s results and discusses the findings and implications for theory and practice. The final stage captures this study’s limitations and recommendations for future research.




2. Review of the Literature


Previous works have not been definitive regarding the interplay between sustainable innovation and performance. Past related studies are examined to investigate the interplay and factors that can cause industries (Appendix A) to practice innovation with a focus on sustainability.



2.1. Sustainable Innovation and Environmental Management


Corporate entities practice environmental management with the intent of aiding in the maximization of revenue. Wyckhuys et al. [25] highlighted that innovation focusing on sustainability can foster environmental changes, which happens when economic development necessitates scientific innovation. This implies that increased growth demands careful attention to the environment since it leads to increased carbon emissions [26]. Mendoza et al. [27] concluded that sustainable innovation ensures an improved renewable energy sector and can significantly augment socioeconomic benefits, promote resource security, and enhance environmental performance. This is consistent with the findings of Wu et al. [28], where it is noted that the practice of sustainable innovation reduces the emission of carbon significantly.



Environmental management policies are mostly formulated when the cost to social welfare is very material. These policies aim to mitigate the impact of increased production and industrialization on the environment. Wu et al. [28] found suggestive evidence that enterprises in China strategize to mitigate pollution, while those in the United States are much more concerned about the impact of negative externalities on human health, even though they both exhibit less concern for environmental protection during the early stages of project implementation. Innovation in ensuring environmental sustainability is useful for tracking climate change conditions [20]. Innovation, when practiced sustainably, contributes significantly towards having a safe environment. This position is reinforced by Jiang et al. [29], where it is established that highly intensive innovative practices diminish the impact of carbon emissions on society.



Sustainable environmental management ensures alternative ways of production and industrialization that minimize the risks to social welfare. A study by [30] showed that innovation sustainability in production ensures viable alternative energy sources with less environmental impact. The practice of sustainable innovation has a spillover effect when industries exert mass effort to ensure a sustainable environment [31]. This spillover would significantly impact social welfare when accepted by several large companies. This argument is supported by previous study findings [32], where it was ascertained that sustainable innovation enhances companies’ attempts to protect the environment. The study further demonstrates the influence of sustainable innovation on societal life expectancy, indicating that ensuring a sustainable environment would significantly impact social lives.



Being environmentally responsible has become crucial due to rapid industrialization in the global economy and the ravaging effects of the global pandemic, which has caused companies to raise output astronomically. Protection and preservation of the environment are now imperative for maximizing social welfare [33]. Environmental responsibility is now a general concern for both individuals and industries. It is the sense of responsibility that is geared towards intentional management of the environment. Research has shown that environmental consciousness significantly impacts environmental management by reducing disruptive innovation [23]. However, its practice becomes more complex when the benefits derived by industries from degrading the environment are substantial [34].




2.2. Sustainable Innovation and Industrial Performance


Innovation is indisputably a significant phenomenon in implementing new ideas or policies. It can add value to existing products or policies to meet market and societal demands [13]. Its concept can be viewed from many perspectives but is geared towards ensuring product or service delivery quality. Innovation can focus on products [35,36], adding value to an existing one. It can be directed toward marketing [37], focusing on product design and packaging. It can also be viewed from the angle of sustainability, which may be categorized into eco [38,39], green [40], or environmental [41]. Sustainable innovation ensures product and production quality and minimizes potential negative environmental impact [31].



Extant knowledge is divided on the link between sustainable innovation and industrial performance. The few past studies state varied positions. For instance, whereas Ref. [11] posited that sustainable innovation enhances industrial productivity through increased patronage of produced products, Refs. [21,22] argued that it increases operational costs, thereby outweighing the benefits. Pekovic and Bouziri [42] found consistent evidence for the later findings. It is worth noting that other researchers have also drawn varied conclusions in their attempt to establish the existing link. Rahman [40] concluded that sustainable innovation has an impact on industrial financial constraints, which affects both current and future performance. On the other hand, Rammer et al. [12] demonstrated that innovation with sustainability improves industrial productivity, and that it outweighs the long-term costs. This is consistent with previous studies [43,44]. After assessing the interplay between green innovation and industrial output, Sun et al. [45] found that eco-innovation plays a significant role in the performance of industries. These varied positions suggest that there is more to be understood about how industrial sustainable innovation practices interact with performance. The inconclusiveness of previous findings serves as motivation for this current study. Thus, this paper aims to ascertain the existing link between sustainable innovation and performance from the perspective of United States industries.



Sustainable innovation is implemented to ensure environmental management while maximizing industrial performance [46]. Research has long established that innovation has what it takes to cause changes in the operations of a business entity [47], and these changes are expected to be reflected in its financials. Zhang et al. [26] posit that industries can sustain their performance if they ensure sustainability in innovation. In as much as companies are interested in protecting the environment by reducing pollution [1,41], they do so to increase industrial benefits [8]. They can invest greater resources into ensuring environmental sustainability if they earn higher revenue [16,48]. This implies that the real motivation for industries seeking to ensure environmental value is to enhance production capacity [49].



Also, sustainable innovation can ensure environmental management through the reduction in the emission of carbon [50,51]. However, the cost of practicing sustainable innovation is sometimes burdensome for firms [21] and can result in lower financial output. A study by [52] showed that sustainable innovation is influenced by resource availability and enterprise capabilities. This is consistent with previous studies [53,54], where it is concluded that entities with many resource capabilities tend to prefer innovation more to ensure environmental sustainability. Zhang et al. [55] argued that large firms tend to be exploitative in their quest to improve productivity. This supports earlier findings [56], where it is suggested that higher organizational profits usually interfere with social welfare.



A critical examination of the past literature shows a gap in knowledge regarding the link between sustainable innovation and industrial performance in the United States. This study, therefore, adopts both explanatory and empirical approaches to analyze this nexus. To bridge the identified gap in the literature, this study responds to the following research questions: what is the link between sustainable innovation and industrial performance? What factors motivate industries to develop an interest in sustainable innovation [43,57]? To respond to these research concerns empirically, an analysis of the innovation and performance relationship is performed on industries in the United States. In our study, we argue that there is no direct link between the performance of U.S. industries and sustainable innovation practices in the country. Thus, U.S. industries experience higher performances at the expense of the environment. We further postulate that those who enjoy consistently higher financial performances would have greater concerns for environmental management and its sustainability. Thus, industries that continuously acquire higher growth rates in earnings can show higher preferences for environmental management and tend to be socially responsible. A study that seeks to analyze the interplay between sustainable innovation and industrial performance with a focus on United States industries is quite distinct and has not been attempted to the best of our knowledge.





3. Materials and Methods


This research aims to analyze the interplay between sustainable innovation and industrial performance from the perspective of United States industries. Industrial returns on invested capital and equity returns are used to measure performance. Also, research and development inputs, specifically technological investments, are used to measure sustainable innovation. The U.S. has the opportunity to create the conditions for a robust economy while growing in the context of sustainability. Sustainable innovation is best recognized as part of the SDGs, specifically SDG 9. The practice of innovation with sustainability is a major component of the United States’ sustainability strategy. This is where innovative ideas from employees and the private sector are harnessed and directed to solving industrial problems concerning environmental management. For instance, the development of a global smart metering network for utilities, the implementation of the air-quality program, and telematics (a program focusing on vehicles). These are all geared toward enhancing operational efficiency while maximizing social welfare [58].



3.1. Data and Sample


This study employs an empirical approach to examine the nexus between sustainable innovation and performance. Secondary data are used for the analysis, and the generalized method of moments is employed as an econometric technique. Data for the analysis consist of 94 United States industries, comprising about 7300 U.S. companies. The data are constructed into a nine-year, strongly balanced panel from 2014 to 2022 for the empirical analysis. The study sample fairly represents all the industrial sectors in the United States, with a judgmental sampling technique adopted [9]. This technique allows the researcher to determine the sample used for the study based on the study’s objective. Data for this study are obtained from [59], drawn from Bloomberg, Morningstar, Capital I.Q., and Compustat. This database contains the most current data on U.S. industries as of 5 January 2023. These data are used to construct the panel for the analysis (Table 1).



3.1.1. Main Variables


Dependent Variables:



Return on Invested Capital:



This determines the profit an industry earns from the capital it receives from its shareholders. A higher return on capital invested signifies a good-performing industry. It captures all sources of funds received in the operation of a business and ensures operational efficiency [55]. This is, therefore, used as a measure of industrial productivity.



Return on Equity. The return on equity of U.S. industries is also used as an indicator for measuring financial output [9]. This is an acceptable measure of firm profitability and financial performance [1].



Independent Variable:



Sustainable Innovation. This study empirically examines how the practice of sustainable innovation in U.S. industries enhances financial performance. The measurement of sustainable innovation helps identify the expected environmental and social benefits derived from the operations of industries and their ability to gain competitive power through sustainable innovation practices. Its measure traditionally has four approaches [65], i.e., (i) input measures, such as the use of industrial R&D expense; (ii) intermediate output measures, such as the number of patents and scientific publications; (iii) direct output measures, such as the number of innovations and sales of new products; and (iv) indirect impact measures, such as observed changes in efficiency and level of productivity. Innovation-capability-oriented measures focusing on input are employed as a proxy for measuring sustainable innovation [29,66]. Specifically, corporate R&D investment expense is employed as a measure of innovation input [67,68]. This is because R&D expense captures the direct amount of resources industries have toward research and development, reflecting technological innovativeness. Industries that allocate many resources to research, specifically in areas such as renewable technologies and clean energy, are more likely to practice sustainable innovation in their operations. It is opined that innovation performance has two basic dimensions: efficiency and efficacy. Innovation efficacy is the degree of success of an innovative idea, while efficiency is the effort applied to achieving that success. Therefore, innovation efficiency focuses on input performance, while efficacy measures are related to innovation output. Our research focuses on ascertaining the technological commitment of U.S. industries toward ensuring environmental management through the practice of innovation with sustainability and its influence on industrial productivity.




3.1.2. Controls


Other variables that may have the ability to foster industrial productivity are captured in our model. These are as follows:



Operating margin (OPM). Industries with higher operating margins tend to invest in sustainable innovation and can attract higher output. OPM describes an industry’s operational efficiency. Therefore, it is captured in the model as an explanatory variable.



Earnings growth rate (EGR). The growth rate in industrial earnings determines the ability to receive funding for future investments. Higher rates signify better performance. We include this variable in our model as the control variable.



Industrial value (Value). Industries with a higher value are more likely to develop a preference for sustainable innovation and can attract increased productivity. Therefore, this variable is included in our model.



Leverage (lev). Industries with lower debt profiles are generally considered to have lesser risks, enabling them to attract higher investments that would significantly impact productivity. Leverage is included in our model as a control variable.



Effective tax rate (Tax). High taxes are disincentives to industrial productivity. Companies that have higher tax burdens tend to experience lower output. Therefore, this can be a policy tool to reduce negative externalities and ensure improved social welfare. It is included in our model as an explanatory variable.



Capital expenditure (CAPEX). High capital expenditure is expected to be reflected in industrial output. Industries with high environmental management tolerance are more likely to dedicate higher funds toward sustainability. We capture this variable as explanatory in our model.



Insider holdings (Insider). Holdings by insiders such as directors and managers would have an impact on industrial investment decisions. These decisions would affect performance in the long run. It is, therefore, included in our model as a control variable.



Institutional holdings (Institutional). The holding status of industrial assets by institutions such as mutual funds and banks has a bearing on industry performance since many investors pay attention to where larger investors invest their funds. This is added as a control variable in the model.





3.2. Empirical Strategy


Following [15], we employ a two-step generalized method of moments (GMM) to investigate the link between sustainable innovation and the performance of industries in the United States. This approach is employed because the GMM is a dynamic estimator that reduces possible endogeneity and the absence of relevant variables in the model [69]. We adopt the WC-robust estimator to reduce possible downward bias [70]. Sustainable innovation is regressed on measures of industrial output (measured by two proxies: return on invested capital, ROIC, and return on equity, ROE) to ascertain the link between these two variables. The regression model is estimated as follows:


     y   i t     = a   y   i t − 1     + σ   X   i t     + β   Z   i t     + π   I n d u s t r y   s     + χ   y e a r   t     + λ   R e g i o n   t     +   ℇ   i t     



(1)




where     y   i t − 1     is the lag of the dependent variables (ROIC and ROE);     X   i t     is the independent variable (sustainable innovation);     Z   i t     represents the control variables in the model. Also,     I n d u s t r y   s    ,     R e g i o n   t ,     and     y e a r   t     denote industry-specific, location-specific, and time-specific dummies, respectively. There is ‘i’ indexed and time ‘t’ industries.   σ  , β, π, χ, and λ are known as parameters, and     ℇ   i t     represents the random error term.



As part of further analysis, two diagnostic tests are performed to assess the validity of the specified model [10,26]. Specifically, the Arellano–Bond AR (2) test is employed to evaluate the validity of the strong endogeneity assumption, and the Hansen test is performed to examine the validity of the instruments.





4. Results and Discussion


4.1. Summary Statistics


Table 2 presents the summary statistics of the study variables. The statistics report a mean value of 0.154 for returns made on capital investments, indicating that U.S. industries receive about 15% return on invested capital on average. It also shows a mean value of 0.141 for industrial return on equity and a standard deviation of 0.162. This signifies about a 14% average return on equity to industries, suggesting good profitability. The statistics also report a mean value of 5.421 for sustainable innovation, with about 3.482 dispersion from its mean. It is observed that the sample companies have reasonable operating margins and earnings growth rates, 11.4% and 11%, respectively. It further shows a good value-generating ability for the companies, a moderate insider holding (about 13.5%), a reasonable tax burden on industrial income (10%), a good leverage ability on industrial finances, a good preference for capital spending, and a reasonable amount of institutional holdings.




4.2. Correlation Analysis


Table 3 reports the correlation between the variables. The correlation analysis establishes a significant relationship between the industrial return on invested capital and the return on equity. The results further indicate that the operating margin significantly correlates with the return on invested capital and equity. It also shows a significant bearing between operating margin and sustainable innovation. It is also observed that the earnings growth rate significantly correlates with output. We also find that enterprise value and capital spending significantly correlate with capital returns and returns on equity. The analysis further shows that the income tax rate paid by industries in the U.S. significantly correlates with their equity returns.




4.3. Regression Analysis


This study employs the generalized method of moments (GMM) technique as an econometric technique to empirically examine the link between performance and the desire for sustainable innovation practices. This technique is employed due to its robustness. Table 4 reports the estimation results for the impact of sustainable innovation on enterprise output. Model 1 captures the interaction on invested capital returns, i.e., assessing the impact of sustainable innovation on industrial capital investment returns. Model 2 also considers the return on industrial equity as a performance measure.



The results from Model 1 (β = 0.057; p > 0.1) show inadequate evidence regarding the link between sustainable innovation and industrial performance in the United States. Thus, a statistically insignificant link exists between sustainable innovation and the performance of U.S. industries, suggesting that higher industrial performances in the U.S. could not be attributed to the practice of sustainable innovation. This is consistent with earlier findings [17,18], where it is ascertained that sustainable innovation practices are still a major concern in the United States business environment in the quest to maximize output. The early studies assert that entities enjoy higher output even without considering sustainable innovation in their operations. Findings in Model 2 (β = −0.065; p > 0.1) also suggest negligible evidence of a relationship between sustainable innovation and the performance of United States industries. The results cannot confirm with a reasonable level of confidence that sustainable innovation has any significant impact on the performance of industries in the United States. This supports the findings of a previous study [20].



However, the results establish a significant link between industrial output and most control variables. The results show that the operating margin has a statistically significant and positive relationship with output (β = 0.552, p < 0.01 and β = 0.291, p < 0.01 in Models 1 and 2, respectively), signifying that industrial performance rises when there is an increase in operating margin. This supports the findings of previous studies [7,9]. It is further observed in Model 1 that the income tax rate directly affects industrial productivity (β = −0.183; p < 0.01). This suggests that environmental regulatory bodies can use tax policies to curb environmental costs to society and maximize social welfare. Suggestive evidence on the link between earnings growth rate and industrial performance (β = 0.046, p < 0.01 and β = 0.140, p < 0.01 in Models 1 and 2, respectively) is provided by our study, suggesting an increase in performance when there are higher earnings. There is a statistically significant and direct relationship between what is earned annually and the general performance of industries. An industry’s value is also significantly associated with its capital and equity returns (β = 236, p < 0.01 in Model 1 and β = 0.225, p < 0.01 in Model 2). This implies that higher-value investors would attract greater financial and capital returns. Capital expenditures are shown to have a significantly negative relationship, statistically, on invested capital and returns on equity.



We further observe that the conducted Hansen test fails to reject the validity of the instruments specified, and the AR (2) test does not reject the null position of no second-order autocorrelation in the models. Moreover, the number of instruments reported in Models 1 and 2 are less than the sampled groups analyzed, supporting the criteria of [71]. Therefore, results obtained from the empirical analysis are generally robust.



The analysis is extended to examine the moderating role of sustainable innovation on performance. This analysis is intended to examine the impact of the moderating effect of sustainable innovation on the performance of industries in the United States. The results are presented in Table 5. Model 1 captures the interactive effect of industrial return on invested capital (ROIC), while Model 2 considers the moderating role of equity return. The analysis shows a statistically significant and negative impact regarding the link between sustainable innovation and industrial output in Models 3 and 4. This suggests that those who pay much attention to environmental sustainability incur higher operational costs that negatively affect their overall performance. This finding is consistent with that ascertained by previous research [21]. The analysis demonstrates that the interaction between sustainable innovation and operating margin (SUSIN × OPM) is directly related to its returns on invested capital and equity (performance measures). This suggests that industries that enjoy higher operating margins are capable of experiencing higher productivity if they invest in sustainable innovation. This assertion is supported by findings of previous studies [50,51].



It is further ascertained that the interaction between industrial earnings and environmental management practice through the focus on sustainable innovation has a statistically significant bearing on output. Also, the analysis indicates a positive and significant coefficient for the interaction between income tax and the quest for sustainable innovation, as captured in Model 3. A notable finding is that the coefficient of the interaction between capital expenditure and sustainable innovation is significant and negative, signifying that the direction of capital spending by industries in the U.S. reduces the expected positive impact of sustainable innovation on productivity. It is also observed that the earnings made by firms positively moderate the link between sustainable innovation and output.



Moreover, the Hansen test fails to reject the validity of the instruments in all the specifications. The AR (2) test supports the null hypothesis that there is no second-order autocorrelation in the models, suggesting that residuals in the model do not correlate with each other in the two periods prior. Thus, errors at time t are not influenced by those in time t − 2. In addition, the number of sampled industries is greater than the number of instruments. This is consistent with the empirical position of Roodman [71]; hence, the results are generally robust.





5. Discussion and Conclusions


Our study examines the link between the practice of sustainable innovation in the United States and the impact on industrial performance. The context makes our study quite distinct from others, with the United States being the most developed country in the world, with a higher propensity to emit pollutants. Also, a study of this kind with a focus on the United States is necessary as far as the attainment of Sustainable Development Goal 9 is concerned. Two financial proxies are employed as indicators for determining performance, specifically, returns on invested capital and returns on equity. The generalized method of moments is employed in the empirical analysis due to its robustness. Our study underscores that the link between sustainable innovation practices and industrial output has not been properly explored. Thus, the subject of study lacks adequate literature on global challenges regarding environmental management. Our research, therefore, provides empirical evidence of this effect. This study’s findings suggest that sustainable innovation has no significant bearing on the productivity of industries in the United States. This implies that sustainable innovation practices in the U.S. are currently not associated with performance, suggesting that companies in the U.S. do not necessarily need that for higher output. This confirms the earlier position of [17], where it is observed that the U.S. is still lagging in attaining SDG 9, which is geared towards ensuring environmental sustainability in production through the use of sustainable technologies. Industrial output keeps rising in the United States despite the inadequate attention to sustainable innovation practices. This may be attributed to the cost involved [8] and the highly industrialized nature of the U.S. economy, making strict adherence to environmental sustainability practices difficult.



Policymakers are encouraged to enhance education on sustainable innovation for industries to adhere to it effectively. Policies that can minimize carbon emissions, such as the introduction of pollution taxes, are also encouraged to be implemented to ensure environmental sustainability.



This study further explores the moderating role of sustainable innovation on industrial productivity. The results show that sustainable innovation is significantly related to industrial returns on invested capital and equity, as captured in the moderating analysis. This study’s contribution to theory and practice is based on the above discussions.



5.1. Theoretical Implications


Extant knowledge has not critically explored the nexus between sustainable innovation and performance. Our study theoretically provides adequate knowledge of the scholarly discourse regarding sustainable innovation and industrial output [17,18], contributing to bridging the gap in the literature. This study provides a theoretical underpinning for corporate innovation activities emphasizing environmental sustainability. Theoretically, it provides information on how factors such as tax policies by regulatory bodies can minimize environmental destruction caused by corporate entities.



Our research expands the theoretical boundary of the interaction between industrial performance and environmental management through the practice of sustainable innovation. It also adds to the literature on corporate social responsibility in the context of environmental management and sustainability. It further expands the theoretical framework regarding the moderating role of sustainable innovation on industrial output, which previous studies have not examined to the best of our knowledge.




5.2. Practical Contributions


Practically, our study demonstrates how regulators could enhance environmental sustainability by introducing pollution control tax policies. Effluent tax is a disincentive to continuous emission of carbon; hence, its introduction would enhance environmental management. Our study provides useful information to companies on how to incorporate sustainable innovation in their operational activities to ensure environmental management. It further provides policymakers with enough knowledge to encourage firms to embrace sustainable innovation. Thus, firms are encouraged to reduce the emission of carbon in the practice of sustainable innovation to reduce the tax burden. Furthermore, it is observed that sustainable innovation moderates the relationship between industrial operating margin and performance. Our research provides insight into how companies in the United States perceive sustainable innovation in their business operations. This echoes the need for government to strengthen policies to ensure sustainable innovation practices.



The analysis provides a more intuitive knowledge of how industries regard sustainable innovation in the United States. This can provide insight into improving sustainable innovation practices as antecedents for environmental management. This study presents the need for regulatory bodies in the United States to pay more attention to sustainable innovation practices to enhance social welfare.




5.3. Limitations and Future Research


Our study has some identified limitations that can aid future studies. To begin with, data used for our research are fully centered on United States industries; hence, research scholars should be mindful when generalizing the results for industries in other countries since the influencing factors may not be the same. This requires similar studies in other regions or economies to generalize this study’s findings to different contexts. Also, future studies are admonished to extend the range of the panel and size of the data for the analysis to capture other relevant variables that could foster industrial performance but are not covered by ours. Our study also identifies limitations to the metrics. Our study analyzes the link between sustainable innovation and industrial performance. However, limitations on data make the measurement of sustainable innovation relatively generic and do not consider the heterogeneous effect of different innovation types. Future studies are encouraged to consider other metrics in determining sustainable innovation. Notwithstanding the moderating role of sustainable innovation in the link between industrial productivity and operating outcome, other factors of external nature regarding government policy directions and shocks on macroeconomic variables may also moderate the said relationship. Studies in the future should, therefore, control factors regarding shocks in the economy and the effects of policies from the government.
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Appendix A


Industries





	Advertising



	Aerospace/Defense



	Air Transport



	Apparel



	Auto and Truck



	Auto Parts



	Bank (Money Center)



	Banks (Regional)



	Beverage (Alcoholic)



	Beverage (Soft)



	Broadcasting



	Brokerage and Investment Banking



	Building Materials



	Business and Consumer Services



	Cable TV



	Chemical (Basic)



	Chemical (Diversified)



	Chemical (Specialty)



	Coal and Related Energy



	Computer Services



	Computers/Peripherals



	Construction Supplies



	Diversified



	Drugs (Biotechnology)



	Drugs (Pharmaceutical)



	Education



	Electrical Equipment



	Electronics (Consumer and Office)



	Electronics (General)



	Engineering/Construction



	Entertainment



	Environmental and Waste Services



	Farming/Agriculture



	Financial Svcs. (Nonbank and Insurance)



	Food Processing



	Food Wholesalers



	Furn/Home Furnishings



	Green and Renewable Energy



	Healthcare Products



	Healthcare Support Services



	Healthcare Information and Technology



	Homebuilding



	Hospitals/Healthcare Facilities



	Hotel/Gaming



	Household Products



	Information Services



	Insurance (General)



	Insurance (Life)



	Insurance (Prop/Cas.)



	Investments and Asset Management



	Machinery



	Metals and Mining



	Office Equipment and Services



	Oil/Gas (Integrated)



	Oil/Gas (Production and Exploration)



	Oil/Gas Distribution



	Oilfield Svcs/Equip.



	Packaging and Containers



	Paper/Forest Products



	Power



	Precious Metals



	Publishing and Newspapers



	R.E.I.T.



	Real Estate (Development)



	Real Estate (General/Diversified)



	Real Estate (Operations and Services)



	Recreation



	Reinsurance



	Restaurant/Dining



	Retail (Automotive)



	Retail (Building Supply)



	Retail (Distributors)



	Retail (General)



	Retail (Grocery and Food)



	Retail (Online)



	Retail (Special Lines)



	Rubber and Tires



	Semiconductor



	Semiconductor Equip



	Shipbuilding and Marine



	Shoe



	Software (Entertainment)



	Software (Internet)



	Software (System and Application)



	Steel



	Telecom (Wireless)



	Telecom. Equipment



	Telecom. Services



	Tobacco



	Transportation



	Transportation (Railroads)



	Trucking



	Unclassified



	Utility (General)



	Utility (Water)
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Table 1. Studied variables and measurements.






Table 1. Studied variables and measurements.





	Variable
	Symbol/Proxy
	Measurement





	Return on Invested Capital
	ROIC
	Is estimated by dividing the after-tax operating income by the book value of invested capital. Thus, ROIC = EBIT (1 − t)/(BV of Debt + BV of Equity-Cash) [55].



	Enterprise Profitability
	ROE
	This is a measure of profitability. Estimated by dividing the net income by the book value of equity [1].



	Operating Margin
	OPM
	Is estimated by dividing operating income by total revenues [60].



	Earnings Growth Rate
	EGR
	Is estimated by (EPS (today)/EPS(5 years ago))^(1/5) − 1.



	Sustainable Innovation
	SUSIN
	Research expense of firms [26,61,62]. Transformed using logarithm.



	Enterprise Value
	Value
	(Market value of debt + market value of equity)/Invested Capital.



	Enterprise Risk
	Leverage (lev)
	Is estimated by the ratio of total debt to equity [63].



	Effective Tax Rate
	Tax
	Is Estimated by taxes paid by the company’s taxable income as reported to stakeholders.



	Capital Expenditure
	CAPEX
	Is estimated by capital expenditure/sales [64]. Log transformed.



	Insider holdings
	Insider
	Is estimated by the number of shares held by insiders such as directors.



	Institutional holding
	InstHold
	Number of company shares held by Funds as a percentage of total stock outstanding.







Source: Authors (2023).













 





Table 2. Summary statistics of the studied variables.






Table 2. Summary statistics of the studied variables.





	Variable
	Mean
	SD
	Min
	25th %
	50th %
	75th %
	Max





	ROIC
	0.154
	0.123
	−0.052
	0.074
	0.138
	0.201
	0.644



	ROE
	0.141
	0.162
	−0.335
	0.067
	0.129
	0.201
	0.741



	SUSIN
	5.421
	3.482
	−0.467
	2.521
	6.239
	8.094
	11.240



	OPM
	0.114
	0.082
	−0.086
	0.064
	0.103
	0.163
	0.366



	EGR
	0.110
	0.138
	−0.273
	0.040
	0.104
	0.172
	0.568



	Value
	5.410
	33.654
	0.752
	1.847
	3.031
	4.572
	29.943



	Insider
	0.135
	0.066
	0.003
	0.093
	0.130
	0.178
	0.303



	Leverage
	4.109
	1.833
	1.249
	2.843
	3.760
	4.952
	9.779



	Tax
	0.102
	0.064
	0.005
	0.054
	0.094
	0.143
	0.270



	CAPEX
	8.309
	1.550
	3.135
	7.470
	8.525
	9.280
	11.382



	InstHold
	0.519
	0.146
	0.189
	0.410
	0.521
	0.628
	0.817







Source: Stata output (2023).













 





Table 3. Correlation Matrix of the studied variables.
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	Variables
	ROIC
	ROE
	SUSIN
	OPM
	Earnings
	Value
	Insider
	Lev
	Tax
	CAPEX
	Institution





	ROIC
	1.000
	
	
	
	
	
	
	
	
	
	



	ROE
	0.387
	1.000
	
	
	
	
	
	
	
	
	



	SUSIN
	0.242
	0.015
	1.000
	
	
	
	
	
	
	
	



	OPM
	0.449
	0.282
	0.083
	1.000
	
	
	
	
	
	
	



	EGR
	0.113
	0.272
	−0.006
	0.175
	1.000
	
	
	
	
	
	



	Value
	0.328
	0.194
	0.032
	0.142
	−0.006
	1.000
	
	
	
	
	



	Insider
	0.133
	−0.057
	0.149
	−0.045
	−0.033
	0.057
	1.000
	
	
	
	



	Lev
	0.185
	−0.137
	0.169
	0.123
	−0.102
	0.016
	0.457
	1.000
	
	
	



	Tax
	−0.048
	0.188
	−0.295
	−0.177
	0.060
	0