Continued Investment and education in R&D programs key for creating sustainable ways of combating climate change and creates international follow on now
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It is widely reflected in the literature that R&D is germane to the process of building sustainable and robust innovation machinery. Specifically, current R&D efforts create a knowledge pool for appropriability and increase the potential for future research to exploit technological opportunities (Miroshnychenko and De Massis, 2020; Cohen and Levinthal, 1989). Therefore, R&D enables the accumulation of knowledge needed to build a rich absorptive capacity that serves as the substrate on which new technological insights are conceived (Lewin et al., 2011; Miller et al., 2007). In this respect, it follows that learning performance and productivity is sensitive to the prior or existing knowledge stock (Garvin et al., 2008; Lewis et al., 2005). This cumulative nature of knowledge acquisition creates the impetus for intensive R&D initiatives in order to be prepared to capitalise on innovative opportunities that may emerge from the external environment (Lewin et al., 2011). Intensive R&D is also significant in enhancing cooperation among firms and in facilitating collaboration with external institutions such as universities (Melnychuk et al., 2021; Lewin et al., 2020; Ahuja, 2000). Such cooperation in the research effort enables the sharing and development of ideas about new areas of scientific knowledge for eco-innovation development and the value extraction thereof (Tumelero et al., 2019; Sarpong et al., 2017). In turn, the knowledge-sharing mechanism facilitates the development of novel technologies and transcends the innovative capacity to the frontiers of technological preadaptation and the predictability of potential trajectories of the innovation landscape (Vrontis et al., 2017; Cattani, 2006). R&D thus provides the necessary means to effectively assimilate and apply knowledge in novel ways to improve the performance of the existing scientific infrastructure and to provide new and sustainable product development models and processes (Furman et al., 2002; Lane et al., 2006). A look into the recent dynamics of the R&D investment landscape among leading countries reveals a competitive arena where nations who seek to control the commanding heights of the scientific knowledge production and technological innovation battle for hegemony (Kondo, 2013; Wang 2010). The United States (US), for instance, takes up its position as a global leader in scientific research and knowledge production with $550 bn annual expenditure on R&D (The Economist, 2021a). A steep rise in the expenditure on R&D by China, from $135 bn in 2008 to $439 bn in 2018, has also propelled the country to take on the front rank of scientific research thereby dominating in 23 out of the 30 mostly popular research domains and accounting for 24.5 percent of the 21 percent increase in scientific publications between 2015 and 2019 (; ). This has inspired many other countries to dedicate more resources to R&D in the race to gain global dominance in science and technology (). This competitive playing field, characterised by a rising expenditure for R&D, is, however, motivated by the quest to achieve sustainable green innovations that would yield huge socio-economic benefits (Wang and Zhang, 2020; Ganda, 2019). The UK government's strategic plan to invest in sustainable innovation and become a world-leading hydrogen economy (The Economist, 2021b; UK Gov, 2021) is the quintessence of such strong nudges by governments to address systemic climate challenges (Mazzucato, 2018). Al Also, the private sector is not excluded from this global endeavour to catalyse and navigate the sustainability transition as they account for 85% of investment, as reported in the European Union's research and innovation in low carbon technologies (European Commission, 2017, 2021). A new crop of investors adopting what has come to be known as sustainable investing, which seeks to embed sustainability into the global financial system (Umar et al., 2021; Eccles and Klimenko, 2019), illustrates that the current innovation system has found a new paradigm, one which is characterised by the notion of eco-economic decoupling (Vadén et al., 2020). However, our re-reading of these commitments to providing financial investment for R&D prompted us to wonder why there has been little evidence of growth to underscore these efforts. In response, we argue that the many benefits of R&D would only yield significant and sustainable benefits if investments were aligned with the development of R&D personnel talents and learning institutions. More importantly, in an era when issues of sustainability have gained much traction and support, efforts to speed up new and sustainable business models call for a reimagination of the traditional conception of R&D in order to establish a clear path towards resolving the human-induced climate challenges (Janzwood, 2021; Shao et al., 2021). As depicted in the framework in Fig. 1, aligning investments in R&D with talented cadres and learning institutions is significant for enriching the absorptive capacity needed to build the knowledge pool to assimilate and exploit new technological ideas. This stock of knowledge, we argue, is what is needed to create a modern scientific infrastructure, such as artificial intelligence and data analytic tools, which are needed to trigger a rapid response to the calls for sustainable innovation. Our framework also highlights the role of entrepreneurial universities as critical to nurturing entrepreneurial scientists, who would pursue basic research in the shadow of addressing socio-ecological and economic concerns, to produce the ground-breaking innovations needed to propel the research on climate change and provide widespread economic impact. Against this backdrop, we now provide brief discussions on each of these three key pointers in our framework to reinforce our position that they command a central role in strengthening efforts to infix growth gear in the sustainable innovation system.  
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