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INTRODUCTION
The era of artificial intelligence (AI) is a period when automation for the first time goes beyond the century-old practice of production and covers a wide range of organizational processes in which intellectual support for managerial decision making is provided (Dudukalov et al., 2021; Ivanov et al., 2022; Popkova, 2022). At the same time, the Sustainable Development Goals (SDGs) have become widespread in the global economic system. In their practical implementation, business practices are reviewed from the point of view of ESG principles and transformed in accordance with them. This process is called ESG investing, including environmental, social, and governance investing on a systemic basis (Gao et al., 2021; Popkova et al., 2021; Popkova and Sergi, 2021; Rehman and Noman, 2022).
ESG is a systemic approach to business management, which covers and reconsiders through the lens of the SDGs (orients toward their support) environmental (E: with the focus on corporate environmental responsibility), social (S: with the focus on corporate social responsibility), and corporate (G: with the focus on financial management, maximization of profit and increase in economic effectiveness of business) management. Thus, ESG investment is a process of financing sustainable development (Aldowaish et al., 2022; Ge et al., 2022).
The concept of “ESG performance” means that a company is evaluated (by shareholders and investors, government, and society) by the ESG criterion when making decisions on management and interaction with the company (Inampudi and Macpherson, 2020). For this purpose, corporate reporting is used, reports on sustainable development, reports on corporate social and environmental responsibility, financial reports, and ESG reports (Breedt et al., 2019). In the works of Fafaliou et al. (2022), Zhang et al. (2022), and Zhang et al. (2021), the scholars note a strong influence of ESG on companies in developed and developing countries: ESG determines the effectiveness of companies, their sustainability to economic crises, investment attractiveness, and strategic perspectives for the development of business.
In the age of AI, ESG practices are based on smart technology automatization means (robots, unmanned transport) under the control of AI, which are united in cyber-physical systems with the help of the Internet of Things (IoT). ESG investment in the age of AI acquires two specific features (Selim, 2020; Sætra, 2021). The first one is that ESG investments imply the financing of smart technologies which systemically improve the environmental, social, and financial characteristics of business activities (Minkkinen et al., 2022a). The second one is that ESG investment is performed based on smart technologies, for example, blockchain (Alkaraan et al., 2022).
The AI era opens up wide opportunities for the development of ESG investments thanks to technological support for improving decision making by all stakeholders (Teichmann et al., 2022). Investors get access to “smart” analytics of investment projects grouped, sorted, and ranked according to the criterion of the degree of compliance with ESG principles, contribution to the implementation of the SDGs, and the correlation between risk and profitability (Aroul et al., 2022; Popkova et al., 2020; Popkova and Sergi, 2022). A business can establish stable AI communications with the external environment, attracting a larger volume of ESG investments and achieving greater payback (Shahzad et al., 2020). Intelligent and automated state–public monitoring of ESG investments is also becoming available to identify and encourage the most responsible market agents (Andersson et al., 2022).
The established approach to the development of ESG investments in the AI era is focused on technology, and therefore it can be called technological. This approach is described in the works of Ielasi et al. (2020), Tong et al. (2022), and Yasmine and Kooli (2022) and involves stimulating scientific and technological progress for AI support of ESG investments. The disadvantage of the existing approach is that it does not take into account the possibility of using advanced “smart” technologies in practice, and the degree of use of their potential.
As practice shows, the availability of advanced technologies is not enough for their application. Based on the technological approach, the works of Li et al. (2022), Minkkinen et al. (2022b), Abdur Rehman Khan et al. (2022), and Sætra (2021) indicate the feasibility of developing “smart” technologies to increase the volume of ESG investments. Focusing on the existing concept of “smart” ESG investments, the AI economy is progressing, but despite the similar level of development of advanced “smart” technologies, there are serious differences in the intensity of automation of ESG investments in developed and developing countries (Jonsdottir et al., 2022). The available publications (Chen et al., 2022; Sharma et al., 2022) do not explain these differences, which is a gap in the literature. The set of conditions necessary and sufficient for the development of the AI economy is more fully reflected in UNCTAD (2022), which highlights the following:
− ICT ranking, showing the level of development, availability, and quality of advanced telecommunications infrastructure required for the application of “smart” technologies
− Skills ranking, demonstrating the availability of highly qualified personnel with digital competencies necessary for the use of “smart” technologies
− R and D ranking, characterizing the direct accessibility of “smart” technologies and the degree of their innovation
− Industry ranking, revealing the degree of high-tech production and international trade
− Finance ranking, demonstrating the adequacy of funding allocations to “smart” technologies and flexibility of financial instruments to achieve this goal
Systematic consideration of the abovementioned conditions reveals the AI economy in a new light–from the standpoint of social institutes. Since it is the differences in institutional support that form the basis for categorizing the countries of the world with the division of developed and developing countries, this article, based on the works of Shkalenko et al. (2022), Yankovskaya et al. (2021), hypothesizes that the AI economy institutes to determine the features of ESG investments in developed and developing countries.
The purpose of this article is to identify prospects and offer recommendations for the development of ESG investing in the AI era, taking into account the characteristics of developed and developing countries. To achieve this goal, the following tasks are set and solved:
− To identify the features of the impact of digital technologies of the AI era on the existing ESG investing practices in developed and developing countries
− To identify the prospects for the development of ESG investing in the AI era, as well as to offer authors’ recommendations, separately for developed and developing countries
A theory for the relationship between ESG and artificial intelligence: A literature review and gap analysis
The central scientific category of this article is the age of artificial intelligence (AI). It is treated as a new, modern stage of the development of society and economy, in which smart technologies, which are based on AI, are widely applied in practice (Kukushkina et al., 2022; Ragulina et al., 2022).
The age of AI began due to the fourth Industrial Revolution, the essential difference of which from previous industrial revolutions is the systemic coverage of technological modernization (Wilson et al., 2022). While in the past, industrial revolutions improved only production technologies, now–under the conditions of the fourth Industrial Revolution–management technologies are also improved. AI ensures the intellectual support for decision making, in particular investment decisions (Luitse and Denkena, 2021; Som, 2021).
This article is based on the theory of the relationship between ESG and artificial intelligence (AI). ESG performance is the evaluation of the company’s effectiveness from the position of sustainable development with the systemic coverage of environmental (E: with the focus on corporate environmental responsibility), social (S: with the focus on corporate social responsibility) effectiveness, and effectiveness of corporate governance (G: with the focus on profitability) (Avramov et al., 2022; Pedersen et al., 2021). ESG seriously influences companies in developed and developing countries (Cardillo et al., 2022; Chen et al., 2022; Lööf et al., 2022).
Fritz-Morgenthal et al. (2022), Minkkinen et al. (2022b), and Nauck (2019) point out in their works that AI allows (based on the Internet of Things, IoT) to collecting and analyzing Big Data on the topic of green innovation and corporate social and environmental responsibility. This data can be used as a basis for drawing much more complete and reliable internal and external corporate sustainability reporting (Maas, 2018). In addition, smart reporting on the implementation of ESG investment projects can be drawn (Vetrò et al., 2019).
Viriato (2019) and Wang et al. (2021) in their works hold that AI allows investors to make the most justified (coordinated) decisions on the location of ESG investments thanks to automated market analysis and intelligent support for decision making. In particular, corporate reporting can be processed by AI at a rapid pace and serve as a milestone for investment decisions (Cornforth, 2018). Furthermore, AI allows for building up the most efficient investment portfolios with a consistent risk-return ratio, as well as the ratio of economic, social, and environmental efficiency of capital investment projects (Auer and Schuhmacher, 2016; In et al., 2019).
Thus, the literature review has shown that both from the standpoint of demand (ESG investors) and the standpoint of supply (companies implementing ESG investment projects), AI contributes to benchmarking and ensures the balance of ESG investment markets. On the other hand, the gap analysis has revealed somewhat poor elaboration of the causal relationships of the development of ESG investments in the AI era, which is a gap in the literature. Since market patterns have their specific character in developed and developing countries, the causal relationships of the development of ESG investments in the AI era are studied and modeled individually in these categories of countries to fill the identified gap in this article.
MATERIALS AND METHODS
The initial point of this research is the following proposed hypothesis: institutes of the AI economy determine the specifics of ESG investment in developed and developing countries. The logic of the research consists of the following: at the qualitative level of the research, a potential connection between ESG analyses and principles of responsible AI is seen. This connection is manifested in the fact that responsible AI allows for high precision forecasting of the environmental consequences of the activities of companies and planning of the projects of corporate environmental responsibility (E).
Responsible AI ensures the growth of corporate social responsibility through smart monitoring of the safety of workplaces, remote execution of manipulations that are dangerous for employees’ health, creation of knowledge-intensive jobs, and expansion of opportunities for advanced training based on remote corporate training (S); responsible AI also stimulates the rationalization of the use of resources, optimization of all business processes, especially production and logistics, and increase in the scale effect and profitability of the business (G).
The methodology of testing the hypothesis is based on regression analysis, as a reliable method of economic statistics. The research is performed in two successive stages. In the first stage, we determine the specifics of the influence of digital technologies of the age of AI on the existing practices of ESG investing in developed and developing countries. For this, we perform the economic and mathematical modeling of the influence of the factors of Readiness for frontier technologies according to the UNCTAD (2022) on ESG score according to Morningstar (2021). The research model has the following form:
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where ESG: ESG score, the rest: factors of readiness for frontier technologies; skl: skill ranking; r&d: R&D ranking; ind: industry ranking; fin: finance ranking; ict: ICT ranking.
To check the reliability of the econometric models, we use significance F and t-Stat. We formed a sample of developed countries (Denmark, Italy, the United States, Canada, Austria, Belgium, Australia, Norway, New Zealand, and the Czech Republic) and a sample of developing countries (China, India, Colombia, Malaysia, Chile, Brazil, Indonesia, Qatar, Russia, and Saudi Arabia). The samples contain countries with the highest level of development of ESG investment, according to the ranking by Morningstar (2021).
In the second stage, we determine the prospects and offer recommendations for the development of ESG investment in the age of AI in developed and developing countries. For this, we use the least squares method based on the obtained regression models. We also use the method of SWOT analysis to perform a quantitative-qualitative study of strengths and weaknesses, opportunities, and threats to the development of ESG investment in the age of AI in developed and developing countries.
Features of the impact of digital technologies of the AI era on the existing ESG investing practices in developed and developing countries
To determine the specifics of the development of ESG investments in the AI era in developed and developing countries (to test the hypothesis put forward in the article), an empirical study based on the available official statistics of Morningstar (2021), reflects the level of development of ESG investments in various countries was conducted. Readiness for frontier technologies is also taken into account, reflecting the quantitative measurement of the level of development of the institutes of the AI economy. The study was conducted based on 10 developed and 10 developing countries from different parts of the world with the highest level of development of ESG investment in 2021 (Table 1).
TABLE 1 | ESG investments and readiness for frontier technologies in developed and developing countries in 2021.
[image: Table 1]The benefit of the ranking of developing and developed countries shown in Table 1 is that it has revealed a significant discrepancy between the existing boundaries of these categories of countries based on the criterion of market freedom and the efficiency of institutes (the integration of countries into the OECD defines them as developed countries) and on the criterion of income level (according to the World Bank classification, countries with a high level of income are considered as developed countries, while all other countries are considered as developing countries) with the criteria of ESG investments and readiness for frontier technologies.
For example, China is one of the most active users of artificial intelligence (AI) on the international scale, although it ranks among the developing countries. On the other hand, Austria is classified as a developed country by the OECD and the World Bank, while Table 1 shows that this country is classified as a country that is lagging behind in many respects. Standard boundaries of categories of countries have been stored in Table 1 to make the results comprehensible, easily interpretable, reproducible, and comparable with other studies on the topic of distinctions between developed and developing countries.
As a result of processing the data from Table 1 using regression and correlation analysis methods, the following two economic and mathematical models of the contribution of the institutes of the AI economy to the development of ESG investments were obtained:
− Model for developed countries: ESG = 18.91 – 0.12ict + 0.07skl-0.02r&d + 0.11ind + 0.13fin. The resulting model means that in developed countries, the development of ESG investments is positively influenced by such institutes of the AI economy as ICT and R&D. The cumulative correlation of ESG investments with the institutes of the AI economy is estimated at 83.86% (high). Because of the mentioned inconsistency of the sample of developed countries (reduced volume of ESG investments and readiness for frontier technologies despite the high-income level, high market freedom, and high efficiency of institutes), the model for developed countries is only reliable at a significance level of 0.3 (Significance F = 0 .27746), although the standard error is relatively small and is equal to 2.06. The t-statistics for the factor variables were as follows: for ICT ranking (ict): −1.04, for Skills ranking (skl): 0.73, for R&D ranking (r&d): −0.16, for Industry ranking (ind): 1.38, for Finance ranking (fin): 1.76;
− Model for developing countries: ESG = 32.86–0.07ict-0.01skl-0.07r&d + 0.04ind + 0.03fin. The resulting model means that in developed countries, the development of ESG investments is positively influenced by such institutes of the AI economy as ICT, Skills, and R&D. The cumulative correlation of ESG investments with the institutes of the AI economy is estimated at 94.56% (very high). The model for developing countries proved to be more reliable–it is reliable at a significance level of 0.05 (Significance F = 0.0440), and the standard error is small and equals 1.22. The t-statistics for the factor variables were as follows: for ICT ranking (ict): −2.91, for Skills ranking (skl): −0.32, for R&D ranking (r&d): −2.73, for Industry ranking (ind): 4.49, for Finance ranking (fin): 1.91.
Prospects and recommendations for the development of ESG investments in the AI era in developed and developing countries
To determine the prospects for the development of ESG investments in the AI era in developed and developing countries, based on the obtained economic and mathematical models, it was found that in developed countries, due to the progress of ICT institutes (+94.76% compared to the level of 2021) and R&D (+95.15%), the level of development of ESG investments may increase up to 26.80 points, that is, by 10.55% compared to 2021 (24.24 points).
To clarify the quantitative results, they were supplemented with a qualitative study using the SWOT analysis method, as a result of which (based on statistics from Table. 1) it was revealed that the strengths (S) of the AI economy in developed countries are the high level of development of such institutes as ICT (on average, in the sample of developed countries, 19.10 position) and R&D (20.60 positions).
The weaknesses (W) are the small contribution of skills to the development of ESG investments, despite the high level of development of this institute of the AI economy (14th place), as well as the moderate level of development and a small contribution to the development of ESG investments of such institutes as Industry (34th position) and Finance (25.30 positions). Opportunities (O) are associated with the further development of ICT and R&D institutes, as well as with the transformation of skills, industry, and finance institutes towards greater support for the SDGs and achieving their more significant contribution to the development of ESG investments. Threats (T) consist of the slow pace of development of ICT and R&D institutes as well as difficulties in the transformation of the Skills institute.
In developing countries, due to the progress of ICT institutes (+98.41%), Skills (+98.60%) and R&D (+97.01%), the level of development of ESG investment may increase up to 37.05 points, that is, by 22.57% compared to 2021 (30.22 points). The SWOT analysis showed that the strength (S) of the AI economy in developing countries is a moderate level of development of R&D institute (33.50 positions).
Weaknesses (W) is the low level of development of such institutes as ICT (62.70 positions) and Skills (71.30 positions), as well as a small contribution to the development of ESG investments in Industry and Finance institutes. Opportunities (O) are associated with the further development of R&D institutes, with accelerated progress in the development of ICT and Skills institutes, as well as with the transformation of Industry and Finance institutes towards greater support for the SDGs and achieving their more significant contribution to the development of ESG investments. Threats (T) consist in the slow pace of development of the R&D institute, as well as in difficulties in the transformation of the finance institute.
DISCUSSION
The article contributed to the development of the concept of “smart” ESG investments by clarifying the causal relationships of the development of ESG investments in the AI economy. In contrast to Ielasi et al. (2020), Tong et al. (2022); Yasmine and Kooli (2022), it has been proved that the contribution of the AI economy to the development of ESG investments is related not so much to institutes but technologies. This allows us to propose a new (alternative) approach to the development of ESG investments in the AI era, involving the systematic development of institutes of the AI economy.
However, standard institutes (freedom of international trade, protection of investors, common “rules of the game” in industry markets) are not enough. Special institutes are required and are coming to the fore to ensure the movement of ESG investment flows in the AI era. Corporate social and environmental responsibility, green finance, corporate management, etc. serve as these special institutes. This is because ESG investments in the AI era, despite the traditional leadership of developed countries in most rankings, are more pronounced in developing countries.
It is suggested that a new classification of countries, in which the boundaries of developed and developing countries will be determined with due account for the level of development of the mentioned institutes of ESG investments in the AI era, could serve as a basis for the proposed approach. This will provide a means for a more reliable definition of the positions of countries in the world economic system from the standpoint of environmental economics and management, as well as for a more objective and accurate assessment of their progress in the development of ESG investments in the AI era.
The advantage of the new approach is, first, that it more accurately and reliably describes the regularities of development of ESG investments in the AI era. Second, the new approach explains the differences in the development of ESG investments in the AI economy of developed and developing countries, and also allows us to find unique application solutions for them, taking into account their specifics.
Also, as a result of the study, unlike Li et al. (2022), Minkkinen et al. (2022b), Rehman Khan et al. (2022); Sætra (2021), it has been proved that the development of “smart” technologies alone are not enough to increase the volume of ESG investments - the development of institutes of the AI economy is also required. This served as an argument for a clear division of the AI economies of developed and developing countries, whose institutes contribute differently (among institutes and categories of countries) to the development of ESG investments.
CONCLUSION
The result of the study is proof of the hypothesis put forward in the article. A review of international experience in 2021 showed that the institutes of the AI economy determine the features of ESG investments in developed (where ICT and R&D institutes are the most significant and highly developed) and developing countries (where ICT, Skills, and R&D institutes are the most significant, but only R&D institute is moderately developed). The obtained models, reasonable prospects, and proposed recommendations outlined the priorities for the development of institutes in the AI economy for the most effective support for ESG investments, taking into account the characteristics of each category of countries.
The contribution of the article to the improvement of scientific knowledge consists of the fact that the article has provided a new basis for the classification of countries, which enables a more exact definition of their modern boundaries in the AI era. It is suggested that the level of development and institutes of ESG investments could serve as this new basis. The article has made its contribution to the literature through the development of the theory for the relationship between ESG and artificial intelligence (AI), showing that this relationship can be observed at the level of institutes, not technologies, as in the previous opinion.
The theoretical significance of the results obtained in the article is related to the fact that the proposed new institutional approach to the development of ESG investments in the AI era takes into account the possibilities of using advanced “smart” technologies in practice, as well as the degree of use of their potential, and therefore bridges the gap between theory and practice. The applied significance of the authors’ conclusions and recommendations is that they take into consideration the characteristics of developed and developing countries and allow for the most effective management of the AI economy (through the development of its target institutes proposed in the article) in support of the development of ESG investments.
Recommendation and solution
As a prospective solution to the problem of the development of ESG investing in the age of AI, we propose a transition from the isolated development of technologies to the systemic development of institutes. Due to this, the process of development of ESG investing in the age of AI transforms from linear into cyclical, for institutes in society and the economy initiate the creation and implementation of new technologies, which, in its turn, strengthens the institutes and causes repetition of the cycle.
In developed countries, for the development of ESG investment in the age of AI, it is recommended to focus on the development of the institute of ICT and institute of R&D, and in developing countries–also the institute of Skills. That is, technologies play an important role, and for this, it is recommended to improve the telecommunication infrastructure and disseminate ICT. However, the progress of technologies only is not enough in both categories of countries.
A mandatory condition for the development of ESG investment in the age of AI is the growth of innovative activity in the economy. For this, it is recommended to increase the volume of financing of R&D and the share of science-intensive, high-tech, and innovative products. In developing countries, an important role belongs to social adaptation. For this, it is recommended to fill in the gaps in competencies, train digital personnel, create knowledge-intensive jobs and implement corporate training.
The advantage of the proposed solution is the comprehensive development of society, economy, and technologies, as well as consideration of the specifics and offering of the authors’ applied recommendations for developed and developing countries. This will allow reaching the mass character of ESG investing and an increase in scale in the age of AI, as well as ensure the reliable support for the implementation of the SDGs in the Decade of Action from society and business based on the technologies of the age of AI and ESG investing.
Economic policy implications
The results obtained allow concluding that the models of development of ESG investment in the age of AI are different in developed and developing countries. Based on the compiled econometric models and results of the SWOT analysis, the following recommendations for economic policy are offered for developed countries: 1) supporting the achieved high level of development of the institute of ICT and the institute of R&D through the improvement of the legal regulation of these institutes; 2) stimulating the growth of the contribution of skills to ESG investments through the development of the “knowledge economy”; 3) raising the level of the development of the institutes of industry and finance and increasing their contribution to ESG investments through the stimulation of support for the SDGs.
The following recommendations for economic policy are offered for developing countries: 1) supporting the achieved high level of the development of the institute of R&D through further development of the innovative economy; 2) raising the level of the development of the institutes of ICT and skills through accelerated digital modernization of society and economy; 3) stimulating the growth of the contribution to ESG investments by the institutes of industry and finance through stimulating corporate social responsibility. The proposed recommendations allow focusing the national economic policy on the key spheres, thus facilitating the increase in its effectiveness.
Limitations and prospects for future research
Summing up the research, it should be noted that the institutional approach to studying the influence of the AI economy on ESG investments, which is offered and used in this article, has demonstrated its high effectiveness. The advantage of the institutional approach is the possibility to combine qualitative and quantitative research methods, as well as to take into account the specifics of developed and developing countries.
A limitation of this research is the generalized consideration of developed and developing countries at the level of categories, while in each country, institutes of the AI economy are specific, similar to the practices of ESG investment. To deal with this limitation, it is recommended to perform a range of case studies, to identify the national models of development of ESG investment based on the institutes of the AI economy and with the use of the institutional approach.
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