

  sustainability-15-00907




sustainability-15-00907







Sustainability 2023, 15(2), 907; doi:10.3390/su15020907




Article



Analysis of How Green Growth and Entrepreneurship Affect Sustainable Development: Application of the Quintuple Helix Innovation Model in the African Context



Dinah Quacoe 1[image: Orcid], Yusheng Kong 1,* and Daniel Quacoe 2





1



School of Finance and Economics, Jiangsu University, Zhenjiang 212013, China






2



School of Management Science and Engineering, Jiangsu University, Zhenjiang 212013, China









*



Correspondence: yshkong@ujs.edu.cn







Academic Editor: Luigi Aldieri



Received: 29 September 2022 / Accepted: 5 December 2022 / Published: 4 January 2023



Abstract

:

The global energy transformation is moving forward slowly, along with the continent of Africa. Although the momentum developed thus far is encouraging, there is an increasing need for transformative solutions to lessen climate change and its effects on the continent. In this article, we analyze the connection between green growth, entrepreneurship, and their effects on sustainable development in South Africa using the Quintuple Helix Innovation Model (QHIM). Hence, the purpose of the study is to foster the need for entrepreneurship and green growth for sustainable development. The quintuple helix model’s (QHIM) theoretical premise that the natural environment of society and the economy are the two fundamental factors behind innovation and the understanding that a knowledge economy requires sustainable growth are mainly supported by our findings. We accomplish this study by determining which entrepreneurial and green growth dimensions should be prioritized, respectively. Using ordinary least squares (OLS) and generalized linear model (GLM) we examine the association. We measured green growth with two main indicators which are environmental resource productivity and natural capital. Entrepreneurship was measured using entrepreneurial activity and entrepreneurial attitudes. Our findings revealed that more attention needs to be geared towards natural capital and entrepreneurial activity in South Africa. Decision-makers and the government will utilize the study’s findings as a guide for the zealous implementation of stated policies; recommendations are also highlighted in this study.
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1. Introduction


In light of the National Development Plan (NDP) (2018), is a long-term South African development plan to address several problems that South Africans face, including poor educational quality, high unemployment, poor infrastructure, and an unbalanced economy, as well as South Africa’s first-ever national Green Economy Summit, which took place in 2010 and aimed to spur efforts toward a path of resource efficiency, low carbon emissions, and employment-friendly growth [1], there are encouraging signs of increased entrepreneurial activity and supportive environment. One of the forces behind sustainable development is entrepreneurship, which has several positive effects on the economy including the spread of knowledge, increased competition, increased variety in the products and services offered, the emergence of innovations, and the creation of jobs and employment opportunities [2,3]. Entrepreneurs can aid in the identification of consumer preferences and provide information in advance about the viability of new inventions by presenting new versions of existing goods and services to the market. Existing research indicates that a country’s level of economic development affects how entrepreneurship affects economic growth [2].



Green growth is a method of resolving environmental issues that places trust in developing science and innovation. A few of the relationships it has are with the economy, resources, environment, technology, politics, market, culture, and people. It is a sustainable approach that puts resource conservation, economic growth, and environmental friendliness first [4,5,6]. A new source of wealth generation and employment, the “green economy” is thought to have a higher local content than conventional fossil fuel-based economic activities [7,8]. According to some, a green economy will enable economic expansion and employment creation that is stronger than the current environmentally unsustainable growth. The South African government acknowledges the potential for a green economy to transition to a low-carbon economy, resource efficiency, and the creation of jobs that benefit the disadvantaged. It is possible that poor institutions and a lack of infrastructure will hinder development in this direction while raising negative externalities such as pollution and congestion [9,10,11]. The great majority of the nation’s coal-fired power plants and minor oil production are responsible for the majority of South Africa’s carbon emissions, which have been relatively stable over the past ten years. Entrepreneurship on the other hand is a driver of economic development. Numerous studies highlight that business activity is a powerful source of economic growth and job creation and that productive entrepreneurship is crucial in terms of economic welfare [12].



South Africa was among the top 15 countries in the emission of carbon dioxide as of 2019. Although the momentum developed against the emission of carbon dioxide thus far is encouraging, there is an increasing need for transformative solutions to lessen climate change and its effects on our continent [13]. According to [14], South Africa ranks 116th globally with a score of 37.2, which is below the average of all other nations. Because coal contributes so much to South Africa’s carbon emissions (it provides 80% of the country’s electricity), closing coal facilities and boosting renewable energy are the quickest ways to achieve a sustainable economy by 2030 [15]. A survey conducted by GEM SA also shows that new business rose to 6.7% from 2019 to 2021 and if these rates can continue an upward path it should lead to a greater depth of established businesses in South Africa thereby contributing to economic growth and the creation of jobs. However, the optimism of South Africa’s entrepreneurs in creating new jobs in 2021 declined from the 2019 new job creation increment.



This study, therefore, analyzes the connection between green growth, entrepreneurship, and their effects on sustainable development in South Africa. Hence the purpose of the study is to foster the need for entrepreneurship and green growth for sustainable development. One framework that considers these sectors is the quintuple helix model of innovation (QHIM). This is a model of innovative cooperation or an innovative environment, in which innovation users—(citizens), companies, universities, and public authorities—cooperate to generate socially significant innovations.



We accomplish this study by determining which entrepreneurial and green growth dimensions should be prioritized. This study is the first to analyze entrepreneurship and green growth using the QHIM in South Africa. There are not many theoretical and empirical studies that connect QHIM with the identified indicators in this study, as far as we know, thus, this study adds to the academic literature on the push toward sustainable development. By using the suggested models, the study hopes to close the gaps that have been found and promote sustainable growth. As a result, the study is unique and beneficial to policymakers such as governments, as it will allow them to optimize the assignment of resources to address priority issues.



Section 2 offers a theoretical and conceptual foundation and Section 3 clarifies the technique. Results are presented in Section 4 and discussions in Section 5, and Section 6 concludes with recommendations.




2. Theoretical Background and Literature Review


2.1. The Quintuple Helix Innovation Model (QHIM)


People, corporations, governments, and non-governmental organizations must commit to collaborate with various groups for development to be sustainable. One of the models that is both interdisciplinary and transdisciplinary is the quintuple helix innovation model, which is based on the quality management of efficient development, restoring harmony with nature, and maintaining Earth’s biological diversity [16]. The quintuple helix innovation model, which consists of five spiral frameworks that are the education system, economic system, political system, civil society, and the natural environment. QHIM suggests that the constant engagement of the entire disciplinary spectrum is necessary for a thorough analytical comprehension of all spirals. Each helix represents a knowledge subsystem that connects to the other systems in a spiral fashion and, in turn, has a local, regional, and global impact [16,17]. The QHIM can be described as a theoretical and practical model for the exchange of knowledge resources, based on the five social (societal) subsystems with capital at its disposal to generate and promote sustainable development of society—it is the pivoted force and driver for progress [18,19].



According to the quintuple helix innovation model, developed by E.G. Crayannis and F.J. Campbell, the natural environment of society (green growth) and the economy (entrepreneurship) are the two main forces behind innovation [20]. With the awareness that the sustainable growth of a knowledge economy necessitates co-evolution with the knowledge society through fulfilling roles which impact each other, this model emphasizes the required socioecological transition of society and economy in the 21st century [17,19]. The second subsystem is the economic system, which includes business (industry) that focuses on entrepreneurship, machines, food, technologies, and money, among others. The natural environment, which is the fifth subsystem and contains natural capital including resources, climate, air quality, and geological stability, is essential for sustainable development. Figure 1 depicts the various sub-systems. The quintuple helix’s subsystems all carry out tasks that have an impact on one another, as well as on how we view and structure entrepreneurship [16,17,21].




2.2. Sustainable Development


Only by protecting natural resources can long-term economic and social change be positive and sustainable. The Brundtland Report significantly contributed by highlighting the significance of sustainable development, which is thought to be based on ongoing economic growth. Natural capital must be preserved in its entirety for sustainable development, and the guidelines for renewable natural capital must be followed. Quantitative expansion in populations of people and goods must eventually come to a stop, but qualitative advancement can go on under a sustainable development regime [22]. Sustainable development is described in the literature as the capacity of systems to meet current demands and facilitate how people view themselves and the society they live in [23]. This incorporates the definition put forward by the Brundtland study, which is now the one that all significant institutions use the most. All of these definitions hold the same belief that long-term economic and social transformation can only be constructive and sustainable provided the natural resources that support development are protected [24]. The integration of three factors, including social, environmental, and economic sustainability, is known as sustainable development [25]. The 17 SDGs make clear the importance of sustainable development, recognizing that social, economic, and environmental sustainability must be balanced and that actions in one area can have an impact on results in other areas [23].




2.3. Entrepreneurship—Sustainable Development


Due to its crucial role in the process of economic development, entrepreneurship has gained support on a global scale. It boosts technical innovation, expands employment prospects, and encourages economic expansion [26]. Both as a standalone objective and as a tool that can increase employment, income, and creativity, entrepreneurship is valued [27,28]. Increased resource efficiency of small and medium-sized businesses has a positive impact on production, competitiveness, and ability to generate growth, according to [29]. Numerous studies have shown that entrepreneurship can be considered a micro driver of innovation and economic growth [3,28,30]. According to [31], macroeconomic uncertainty has a favorable effect on high-level innovation and is correlated with urban economies and locations.



To achieve the study’s goals and close a knowledge gap, [32] stated that when faced with significant unemployment, it is preferable to concentrate primarily on job creation, meaning that encouraging young people to start their businesses is advised. The measurements that evaluate these concerns will be helpful for policymakers in determining how many people become entrepreneurs, grow their firms, and create jobs for others. South Africans suffer several problems, including poor educational quality and high unemployment. Another approach recommended by academics [33] is the three aspects of entrepreneurship that are entrepreneurial attitudes, entrepreneurial activities, and entrepreneurial aspirations. These offer a more thorough understanding of the influence of entrepreneurship on sustainable development. These dimensions were used in this study to gauge entrepreneurship.



GEM data have essentially filled the definitional and analytical measurement gap that existed for entrepreneurship. These three aspects of entrepreneurship—entrepreneurial attitudes, activity, and aspirations—have been distinguished by the Global Entrepreneurship Monitor (GEM) as indicated in Table 1. An entrepreneurial mindset aids in the reduction of social issues like graduate unemployment. In an ongoing process of adaptation and learning, entrepreneurship involves seeking possibilities that facilitate the adoption of solutions [33,34]. Other study [35] concluded that self-efficacy and entrepreneurial education can effectively motivate college students to pursue their own business ventures and therefore promote sustainable development.



Table 1 shows the entrepreneurial components, definitions, and indicators according to the GEM. Together these factors foster the creation of new companies and influence the entrepreneurial climate, thereby affecting sustainable development and employment [2]. Based on the literature we posit that:



H1: 

There is a positive and significant relationship between entrepreneurial attitude and sustainable development.





H2: 

There is a positive and significant relationship between entrepreneurial activity and sustainable development.






2.4. Green Growth—Sustainable Development


To determine which flagship initiatives in South Africa best exemplify the green economy, we should start at the Green Economy Summit. The Summit Report claims that the basis of the green economy, which is envisioned as a path toward sustainable development, is addressing the interdependence between economic growth, social protection, and natural ecosystems. Combating inclusion and inequality, localizing employment (such as manufacturing), obtaining investment, and enhancing competitiveness were the key areas of attention [1]. The growth of the green economy is linked to resource consumption, energy production, and environmental management. One of the fundamental markers to gauge a nation’s level of sustainable development is energy consumption [6].



Much literature has been written about the idea of the “green economy” and related ideas such as “green growth,” “transition to a green economy,” “greener economies,” and “inclusive green growth” [36]. Some experts assert that balancing economic expansion with concern for the environment and people is entirely doable [16]. According to authors such as [37], who measured green growth using renewable energy, forest area, and natural resources, the correlation between these indicators and green growth is positive, and the higher the value, the greener the nation’s development will be. According to [38], a green economy is one that successfully provides a response to three sets of challenges facing humanity, that is, persistent poverty, overstepped planetary boundaries, and inequitable sharing of growing prosperity.



The green economy should be a component of a broader transition to sustainability that goes beyond resource efficiency and decarburization to include initiatives to decrease inequality and poverty. The “green” problem for developing countries is how to grow and urbanize with low levels of carbon emissions after avoiding the rise in per capita emissions during the initial phase of fast expansion and urbanization [10,39]. The main goal of green growth strategies is to make sure that natural resources may fulfill their full economic potential and in a sustainable way, by providing essential services for human health and well-being and life support systems such as clean air and water [40].



The framework of green growth indicators from OCED 2012 served as the main point of comparison for measurement. A framework for assessing green growth has been developed by the OECD, providing developed and developing countries with a way to organize their ideas about indicators and discover meaningful condensed facts. The component and definition of green growth is seen in Table 2. The framework demonstrates the interrelated nature of green growth by highlighting four of the most crucial aspects that must be tracked: natural resources, environmental quality, economic opportunities, and the environmental and natural resource productivity of the economy.



The set of OECD indicators based on SDGs offers the comparatively broadest, fullest, and most equal scope for measuring of green growth, according to authors that investigated the subject [41]. Based on the above literature we posit that:



H3: 

There is a positive relationship between resource productivity and sustainable development.





H4: 

There is a positive relationship between natural capital and sustainable development.







3. Methodology


3.1. Data and Methods


In South Africa, we use the Quintuple Helix Innovation Model (QHIM) to analyze the relationship between entrepreneurship and green growth, and their effects on sustainable development. Using SPSS, a quantitative, correlative, and explanatory empirical analysis is performed to determine the causal links among the variables. The information from official sources covers the years 2000 to 2019. Indicators for the measurement of entrepreneurship were based on prior literature such as [2], and were sourced from Global Entrepreneurship Monitor (GEM). In prior literature 14 indicators were identified for entrepreneurship. Measurements for green growth were based on OCED measure criteria which were also based on prior literature such as [37,41]. In prior literature 26 indicators were identified. To minimize the number of variables, identify the factors and prevent multicollinearity problems from occurring, we thus employ principal component analysis (PCA), as used in past research [42]. An Eigenvalue greater than one is used to determine the total number of components. Furthermore, the exclusion of any variables is not desirable as they all may contain pertinent information which could explain sustainable development. Two dimensions represent entrepreneurship (entrepreneurial activity and attitude) and two dimensions represent green growth (resource productivity and natural capital) which indicate the QHIM as an analysis criterion that is associated with the sustainable development goals (SDGs) [17]. Using the quintuple helix model is the most applicable for this research because it incorporates several domains that resonate and work together to address shared problems [19]. In all, the study uses 15 indicators, one indicator for measuring sustainable development, two dimensions for measuring entrepreneurship, two dimensions for measuring green growth, and one indicator for our control variable as indicated in Table 3. Following [43], the factors are then rotated using the varimax rotation which contains estimates of the correlations between each of the variables and the estimated components. Using Cronbach’s alpha and composite reliability, we assess the variables’ validity and reliability. Bartlett’s test and Kaiser–Meyer–Olkin (KMO) test were also used to make sure our data was suitable for factor analysis. The study employed the Shapiro–Wilk test to evaluate whether the data were normal. Pearson’s correlation was utilized to examine the correlation coefficients between the selected variables. The amount that each selected QHIM subsystem contributes to sustainable development was then analyzed utilizing ordinary least squares (OLS). A robust check was finally assessed using a generalized linear model (GLM). To assess the total contribution of the chosen QIHM subsystems to sustainable development, we finally sum up all the variables, including the controlling variable.




3.2. Measurement of Variables


3.2.1. Dependent Variable


Sustainable development, which served as the dependent variable, was measured using Human Development Index (HDI) [44]. The HDI is a composite indicator that considers people and their capacities when evaluating a country’s progress. It is based on three components: life expectancy (health), average years of schooling (education), and gross national income per capita (GNI). It serves as a more accurate gauge of societal well-being than the GDP. In contrast to GDP, HDI incorporates a wider range of information and is not bound to a single metric, using two types of social data—health and education—and one type of economic data—GNI. As a result, it is a considerably more precise indicator than GDP. The HDI was developed to underline that, rather than relying solely on economic growth to gauge a nation’s development, consideration should be given to people and their potential. Data were obtained from Human Development Index.




3.2.2. Independent Variables


Entrepreneurship


This study measured entrepreneurship by entrepreneurial attitudes and entrepreneurial activity. Data was obtained from the Global Entrepreneurship Monitor (GEM), which examines entrepreneurs in key areas such as entrepreneurial attitudes and entrepreneurial activity. These indicators were also selected based on prior studies [2].



Four metrics were used to assess the attitudes of entrepreneurs: Entrepreneurial intention (percentage of the population aged 18 to 64 who are latent entrepreneurs and plan to launch a firm within three years, excluding those already engaged in entrepreneurial activity); Fear of failure (percentage of adults between the ages of 18 and 64 who believe that they see attractive opportunities but would not launch a business out of concern that it would fail; note that this is not the percentage of adults overall but rather the proportion of adults who perceive excellent opportunities); Perceived capabilities (percentage of 18–64 population who believe they have the required skills and knowledge to start a business); Perceived opportunities (percentage of 18–64 population who see good opportunities to start a firm in the area where they live).



Using two indicators, entrepreneurial activity was assessed: Existing Company Ownership (percentage of 18–64 population who are currently an owner-manager of an established business, i.e., owning and managing a running business that has paid salaries, wages, or any other payments to the owners for more than 42 months); Early-stage entrepreneurial activity (TEA) in its entirety (percentage of 18–64 population who are either a nascent entrepreneur or owner-manager of a new business).




Green Growth


The productivity of a nation’s environmental and resource components serves as a barometer for green growth. The greener the country’s development is, the better the value. Green growth was measured using two indicators: environment and resource productivity, and natural capital [37,41].



Resource productivity was measured using renewable energy consumption (percent of total final energy consumption), and CO2 emissions (metric tons per capita) data obtained from World Development Indicators (WDI), material footprint per capita (tons) data obtained from the Sustainable Development Index.



Natural capital was measured using four indicators: forest area (percent of land area), oil rent, natural gas and coal rent data was obtained from World Development Indicators (WDI).





3.2.3. Control Factors


Data on population density (the number of people per square kilometer of land area) from the World Development Indicators are used to account for alternative explanations in the context of sustainable development. A huge population has a significant impact on the environment [37]. As a result, we anticipate a strong correlation between population growth and sustainable development. After determining that the data can be modelled using ordinary least squares, we fitted our baseline as follows:


   Y  i t   =  β 0  +  β 1  r e s +  β 2  n a t +  β 3  e a t +  β 4  a c t +  β 5  c v + ε  



(1)




where    Y  i t     is the dependent variable,    β 1  r e s   is resource productivity,    β 2  n a t   is natural capital,    β 3  e a t   entrepreneurial attitude,    β 4  e c t   entrepreneurial activity,    β 5  c v   is control variables and  ε  is the error term. All the variables and their sources are shown in Table 3; the regression coefficients  β  indicate the factor by which a change in    β 0    must be multiplied to provide the corresponding average change in y, enabling the prediction of y by giving a better overview of the link between the variables.



Table 3 shows a tabular presentation of the measurement of the indicators’ variables and sources.






4. Results


This study looks at how entrepreneurship and green growth are related, as well as how they affect sustainable development. Cronbach’s alpha and composite reliability are used to determine the reliability and validity of the modified measures. When Cronbach’s alpha is larger than or equal to 0.7, the construct is considered to have internal consistency [30]. All of the Cronbach alpha values are more than or equal to 0.7, as shown in Table 4. In addition, every composite reliability number is higher than the benchmark of 0.60. This study also uses Bartlett’s test and Kaiser–Meyer–Olkin (KMO) test to ensure that our data are appropriate for factor analysis. When the value of KMO is greater than 0.5 and the significance level for Bartlett’s test is less than 0.005 [35], it is determined that there is a significant correlation in the data. Table 4 demonstrates that the Bartlett test statistic is significant (p = 0.00), as expected, and that the Kaiser–Meyer–Olkin (KMO) measure is 0.685, which is suitable.



The Shapiro–Wilk test is used in the study to determine normality, which is a crucial step in determining the measures of central tendency and statistical methods for data analysis [45]. Since our sample size is 20, the Shapiro–Wilk test, which is the most extensively used method and is specifically suited for small sample sizes (n < 50) [45,46], is utilized. It measures how closely the sample data fit a normal distribution [47]. It is known that if the Shapiro–Wilk test results are greater than 0.05, the data are normal, but if they are lower than 0.05 (n < 0.05), they considerably depart from a normal distribution. According to our findings, the data’s deviation from normality was not severe as shown in Figure 2 because the Shapiro–Wilk test result was above 0.05. These all show that the correlation matrices share certain factors, making them a good candidate for factor analysis. Principal component analysis and Varimax rotation were used to identify the factors, and an Eigenvalue larger than one is used to calculate the total number of components. A correlation of less than 0.3 or 0.4 is regarded as trivial [48]. The factor loadings following rotation all surpass 0.563, as indicated in Table 4. The scale has strong construct validity as a result.



The descriptive statistics and Pearson’s correlation coefficient between the variables are shown in Table 5. All the independent indicators show a higher mean indicating that when entrepreneurship and green growth increase, sustainable development will also increase. Nearly all of the independent variables show significant variance, indicating that these variables could be able to explain sustainable development.




5. Regression Analysis and Discussions Using Ordinary Least Square (OLS)


A regression analysis using ordinary least square (OLS) was conducted to estimate how much each chosen QHIM subsystem contributes to sustainable development. This analysis looked at the direct correlation between the predictor factors and the dependent variable. This makes examining the study’s hypothesis testing simpler. This requires that the significant result fall below the study’s allowable level of significance for the study’s 95% confidence interval (p = 0.05). As a result, the predictor factors in this study (p = 0.000, R = 0.983 R2 = 0.966, Adjusted R2 = 0.955) explain 90% of the variables’ effects on sustainable development. VIF for the coefficients shows no multicollinearity, for green growth variables range from 1.096 to 1.786 which is within the range and entrepreneurship variables range from 1.23 to 2.56. The Durbin-Watson (DW) statistic assumes a value of 0–4. DW = 2 indicates that there is no autocorrelation. DW < 2 indicates positive autocorrelation and DW > 2 indicates a negative correlation. In this study DW = 1.439 indicates that there is a correlation among the variables. The results are presented in Table 6.



Green growth indicators were first set against the dependent variable in model 1 and model 2 that is resource productivity and natural capital indicators.



Renewable energy has a significant positive relationship with sustainable development by 0.902 (0.025) suggesting a 1% increase in renewable energy will increase sustainable development by 0.902%. As indicated by [49,50] indicating that renewal energy consumption is important for sustainable development in South Africa.



However, a highly substantial positive correlation between material footprint and sustainable development was found, with a value of 4.831 (p = 0.000). The entire amount of natural resources needed to support the operations of our economic and social systems.



The coefficient of CO2 emission remains negative and insignificant −0.367 (p = 0.457) suggesting that CO2 emission is less likely to be a significant determinant of sustainable development. This is in line with studies such as [51] who found a negative impact of CO2 emission with sustainable development. However, [52] concluded that sustainable development has a positive association with CO2 emissions when biomass is used and biotechnology is present.



Forest area as a percentage of land area remains negative and very significant with a coefficient of −6.171 (p = 0.000). Forest area had a higher coefficient which indicates that forest area is a substantial determinant of sustainable development in South Africa. From reducing the consequences of climate change to preventing soil erosion in agricultural lands. However, the adverse consequences demonstrate the necessity for South African land preservation and conservation to stop deforestation caused by, for example, forest clearing for agricultural purposes or timber demand. According to [53], urbanization, commodity-driven deforestation (oil and gas, minerals, etc.), and agricultural activity deforestation are the main causes of permanent deforestation in South Africa. Results of [54] who classified drivers of global forest loss indicate that 27% of global forest loss can be attributed to deforestation. This result is in line with [55].



Natural gas had a 10.186 (0.777) positive and insignificant correlation with sustainable development. We also discovered that the effects estimated size appears to be big, demonstrating that natural gas is the most environmentally friendly fossil fuel when compared to coal power plants. Natural gas users save an average of $69 per year on heating, cooking, water heating, and clothes drying. However, because methane, a potent greenhouse gas, is released while burning natural gas and seeps into the atmosphere in large quantities, it cannot be used to address the climate catastrophe [56,57] therefore the results obtained by the study.



Oil rent and coal rent were positively correlated with sustainable development but insignificant with a coefficient of 1.252 (0.904) and 0.617 (0.062). As indicated by [58,59,60], the insignificance of these two variables to sustainable development could be attributed to the need for sufficient energy sources owned as well as the need of substantial cost in the process for its use in South Africa.



Entrepreneurship was set against sustainable development in Model 3 and Model 4 which is entrepreneurial activity and entrepreneurial attitudes indicators. Entrepreneurial activity (TEA) has a positive and statistically significant impact of 1.606 (0.001) on sustainable development. This result suggests that the creation of new businesses is positively and statistically significant related to sustainable development. Our findings are consistent with the ones of previous studies [37], which also found a positive relation between TEA and sustainable development. The established business also has a positive and statistically significant impact of 0.464 (0.025) on sustainable development. A 1% increase in a business established will lead to a 0.464% increase in sustainable development.



Entrepreneurial intention has a positive and statistically significant impact of 1.078 (0.003) on sustainable development, indicating that the intention to go into entrepreneurship is a key to sustainable development. This is in line with prior studies such as [61,62]. Individual choice of not entering into entrepreneurship for fear of failure had a negative significant effect on sustainable development in South Africa. That is, when entrepreneurs worry about the potential of their idea or the inability to obtain funding for their venture, they tended to be affected more negatively and become less proactive [63]. Entrepreneurial capabilities is negatively correlated with sustainable development and insignificant. Entrepreneurial opportunities, on the other hand, have a positive and statistically significant impact on sustainable development 0.645(0.002). This type of entrepreneurs exhibit innovative skills and take advantage of previously undiscovered prospects, which increases their ability to contribute to economic progress. This is in line with prior research such as [64,65].



The control variable is displayed in Model 5. Population has a significant and favorable coefficient of 1.418 (p = 0.002) correlation with sustainable development. According to [66,67], population growth in India and the region of Eastern and Southern Africa positively affects sustainable development. The average population ages will be young and dependency rates will be high due to high population growth rates. Sub-Saharan Africa’s high population of children will limit growth as dependents, but as they enter the workforce, these nations can anticipate a “demographic dividend” that will accelerate sustainable development. However, if countries in Sub-Saharan Africa do not complete the demographic transition to slow population growth rates in the upcoming years, this dividend may be reduced [68].



Finally, we aggregate all the variables to evaluate the overall influence of the selected subsystems of the QHIM on sustainable development, as shown in Model 6 (Table 6). The inclusion of the natural environment within QHIM constitutes the majority of its contribution, contextualized as a contextualization of the four helices of the quintuple helix.



According to our results, resource productivity which is an important indicator of sustainable development goals (SDG) is positively and significantly correlated with sustainable development in South Africa. Resource productivity reduces the amount that the economy requires and diminishes the associated environmental impacts. Factors such as material footprint and renewable energy make a tremendous contribution to sustainable development in South Africa according to our findings. Therefore, accepting our H1 we hypothesized that resource productivity has a positive relationship with sustainable development. Natural capital on the whole had a negative and significant relationship with sustainable development. The findings demonstrate the importance of natural capital valuation for sustainable development since it enables governments to take into consideration how nature affects the economy and human well-being. The inverse link, however, demonstrates that the loss of natural capital such as forest loss, pollution etc. comes at a cost to society and subsequent generations. Consequently, we reject H2.



In sum, renewable energy and natural resources significantly have influences on environmental performance hence sustainable development [69,70]. Scientists claim that the buildup of CO2 emissions has caused global warming and more unpredictable weather. All of this suggests that long-term environmental costs are rising as the economy grows [71]. According to [72] in South Africa, there are three significant environmental problems: pollution, a shortage of energy, and deforestation. Therefore, South Africa’s environmental issues will be resolved if the deforestation problem is resolved. The Global Forest Watch report shows that between 2001 and 2021, there was a 26% decrease in the loss of tree cover and 945 mt of CO2 emissions. This is consistent with research by [54] who discovered that deforestation caused by altering permanent land use for the production of goods accounts for more than a quarter of worldwide forest loss. According to authors [73], resource extraction and processing have a negative impact on the environment; as a result, the relationship between CO2 emissions and sustainable development has major implications for both environmental and economic policies [74]. Due to the fact that CO2 emissions are a measure of an environmental footprint [37], it is necessary to lower CO2 emissions while also bolstering the South African economy [51]. Authors [75] in their study, concluded that globalization and urbanization as a whole increase the ecological and material footprint.



The QHIM assumes a fundamentally new role for the business, the results of the QHIM subsystems in Table 6 show that entrepreneurial attitude on the whole has a significant but negative correlation with sustainable development. This can be attributed to the fact that those who see good opportunities however would not start a new business for fear of failure limiting the potential increase in the rate of business creation [76] and thereby employment opportunities. Therefore Hypothesis 3 is rejected.



Entrepreneurial activity shows a positive and significant relationship with sustainable development. These results show that a 1% increase in entrepreneurial activity will lead to a limited increase in sustainable development by 0.223%. This result can be attributed to many factors such as business discontinuance rate. South Africa experienced a high business closure rate from 4.9% to 13.9% in 2019 according to GEM research by [76].



Population had a significant and positive relationship with sustainable development However, there is a need for an increase in the investment of human capital in South Africa to prevent slower development. Due to underinvestment in human capital, many nations have increased public spending on health and education. A lot of African governments’ capacity to support the social sector for their expanding populations has also been constrained by slower sustainable development [77]. Addressing underlying social causes may be crucial in reducing slower sustainable development [78].



Robustness Check


In this section, we use the Generalize Linear Model (GLM) to test the robustness of the results potential of endogeneity problems. The GLM function allows the linear model to be related to the response variable through a link function allowing the magnitude of the variance of each measurement to be a function of its predicted value [79]. The results presented in Table 7 are qualitatively similar to those in the main result of Table 6 hence our results are not sensitive to potential endogeneity problems.





6. Conclusions and Recommendations


Economic growth, resource consumption, and environmental impact have all emerged as crucial elements of sustainable development. In this article, we analyzed the connection between green growth, entrepreneurship, and their effects on sustainable development in South Africa using the Quintuple Helix Innovation Model (QHIM). Hence the purpose of the study is to foster the need for entrepreneurship and green growth for sustainable development. One framework that takes considers these sectors is the Quintuple Helix Innovation Model (QHIM). (QHIM) theoretical premise that the natural environment of society and the economy are the two fundamental factors behind innovation and the understanding that a knowledge economy requires sustainable growth are mainly supported by our findings. We do this by analyzing which entrepreneurial dimension focused must be geared into and which green growth dimension focused must be geared into. We used population as our control variable. Using ordinary least squares (OLS) we examine the association.



Based on prior studies we measured green growth using two main indicators that is resource productivity and natural capital. Resource productivity was measured using renewable energy, material footprint and carbon dioxide emission. Natural capital was measured using forest area, oil, natural gas, and coal rents. Entrepreneurship was also measured with two indicators entrepreneurial activity and entrepreneurial attitude.



Resource productivity was significantly and positively related to sustainable development while natural capital was significant but negatively related to sustainable development. Our results show that more emphasis needs to be geared towards the natural capital in the South African economy. This is because forest area, oil, natural gas, and coal rents which were used as a measurement in this study indicated that a 1% increase will lead to a huge increase in sustainable development in South Africa. Therefore, there is a need to maintain a resilient ecosystem and achieve prosperity by setting ecological limits and putting policy framework with an emphasis on implementation for the economy and society. This is because natural capital is the most fundamental of the core forms of capital thus providing the basic conditions for human existence.



Our results further show that entrepreneurial activity is positively and significantly correlated to sustainable development whiles entrepreneurial attitude is negatively correlated with sustainable development. However, entrepreneurial activity has a minimal impact on sustainable development. This result is due to several factors such as the closing down of businesses, and lack of finances to support the venture. Our results indicate that both indicators of entrepreneurship need to be encouraged more in South Africa. However, entrepreneurial activity needs more emphasis. This is because according to our results entrepreneurial attitude has a greater coefficients than entrepreneurial activity, a 1% increase in entrepreneurial attitude will lead to 0.341% decrease in sustainable development and a 1% increase in entrepreneurial activity will lead to 0.223% increase in sustainable development in South Africa. This result is not surprising because entrepreneurial attitude such as fear of failure is a state rather than a trait. Is a temporary cognitive and emotional reaction to a threat to potential achievement. However, if startups fail repeatedly, it will have a significant impact on the South African economy since people who are currently employed would join the unemployed, some of whom are hesitant to pursue entrepreneurship out of fear of failure, and others who do not have the intention to do so. South Africa’s unemployment rate will rise as a result of this.



Based on the indicators suggested by the QHIM, this study has determined that entrepreneurship and green growth are important for sustainable development, i.e., these variables are essential for the sustainable development of the South African economy. As much as these factors are important there is a need for the intervention of government policies and initiatives. With factors such as deforestation, urbanization, and business disclosure influencing South Africa’s sustainable development, it is obvious that an efficient and reliable system is an influential factor in establishing a good economy.



Given our findings, we, therefore, recommend that entrepreneurial education be pushed and that funds be invested in developing the capabilities of the next generation, such as by making skilled employment a requirement for admission to school. This will support the early development of the entrepreneurial spirit. Encouraging graduates to work for themselves, so raising the standard of living. Early-stage business needs to be supported financially and individual entrepreneur’s need to be educated on innovative ideas. This will prevent business closures that might be due to trends or technological inefficiencies. This will also address urbanization, one of South Africa’s biggest environmental problems. Urbanization process has a negative impact on the consumption of renewable energy because it has a positive influence on the consumption of non-renewable energy. If urbanization is curbed, deforestation and fire outbreaks will also decline, resulting in lower pollution levels and a greener South African economy. Therefore, there is a need for the preservation and protection of South Africans such as educating indigenous communities about the importance of protecting the land forest to prevent deforestation. South Africa must continue to focus on a green growth strategy to achieve the SDGs.
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Figure 1. The Quintuple Helix Innovation Model (QHIM) and its function. Source: Elias G. Carayannis, Thorsten D. Barth and David F. J. Campbell 2012 [19]. 
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Figure 2. Normal Q-Q plots for the variables: (a) sustainable development (SUS); (b) entrepreneurship (ENTC); (c) green growth (GG). 
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Table 1. Components and definitions of entrepreneurship.
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	Component
	Definition





	Entrepreneurial attitude
	People who can spot fresh business possibilities and have the expertise and background necessary to capitalize on them.

Fear of failure, entrepreneurial intent, and perceived ability are indicators.



	Entrepreneurial activity
	Explains how a population participates in the process of establishing new businesses, running already-established businesses, and shutting down undesirable ones. The TEA, emerging entrepreneurs, and nascent entrepreneurs, established business owners are indicators.



	Entrepreneurial aspirations
	Describe the qualities that make up entrepreneurial activity. Launching new products, introducing new production techniques, expanding into international markets, and growing businesses are examples of indicators.







Source: Global Entrepreneurship Monitor (GEM).
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Table 2. Component and definitions of green growth.
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	Component
	Definitions





	Environmental and resource productivity
	Reflects the effects of elements such as water, land, energy, and materials on production and economic efficiency.



	Natural capital
	Resources for economic growth indicators are those that protect biodiversity and ecosystems, the environment, reduce greenhouse gas emissions, and add value to culture and society.



	
	This group’s indicators are related to the potential for environmental contamination of air, water, and other resources to provide risks and dangers to human health.



	Environmental quality
	



	
	The indicators in this category attest to the possibility of welfare improvements and prospects for growth and development via eco-friendly economic practices.



	Economic opportunities
	







Source: OECD 2012; Mieczysław Adamowicz 2022 [40,41].
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Table 3. Measurement of variables.






Table 3. Measurement of variables.





	
Construct

	
Sources






	
Dependent variable

	

	




	
HDI

	
Human Development Index

	
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI (accessed on 25 November 2022)




	
Independent variables

	

	




	
Environmental resource productivity

	

	




	
Renewable energy consumption

	
World Development Indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 12 June 2022)




	
(% of total final energy consumption)

	

	




	
CO2 emissions (metric tons per capita)

	
World Development Indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 12 June 2022)




	
Mat. Footprint per capita (tons)

	
Sustainable Development Index

	
https://www.sustainabledevelopmentindex.org/time-series (accessed on 15 June 2022)




	
Natural capital

	

	




	
Forest area (% of land area)

	
World Development Indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 12 June 2022)




	
Oil rent

	
World Development Indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 12 June 2022)




	
Natural gas

	
World Development Indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 12 June 2022)




	
Coal rent

	
World development indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 12 June 2022)




	
Entrepreneurial attitudes

	

	




	
Entrepreneurial intention

	
Global Entrepreneurship Monitor (GEM)

	
https://www.gemconsortium.org/ (accessed on 20 June 2022)




	
Fear of failure

	
Global Entrepreneurship Monitor (GEM)

	
https://www.gemconsortium.org/ (accessed on 20 June 2022)




	
Perceived capabilities

	
Global Entrepreneurship Monitor (GEM)

	
https://www.gemconsortium.org/ (accessed on 20 June 2022)




	
Perceived opportunities

	
Global Entrepreneurship Monitor (GEM)

	
https://www.gemconsortium.org/ (accessed on 20 June 2022)




	
Entrepreneurial activity

	

	




	
Established business ownership

	
Global Entrepreneurship Monitor (GEM)

	
https://www.gemconsortium.org/ (accessed on 20 June 2022)




	
Total early-stage entrepreneurial activity (TEA)

	
Global Entrepreneurship Monitor (GEM)

	
https://www.gemconsortium.org/ (accessed on 20 June 2022)




	
Control variable

	

	




	
Population density (people per sq. km of land area)

	
World development indicators (WDI)

	
https://databank.worldbank.org/source/world-development-indicators# (accessed on 28 June 2022)
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Table 4. Reliability and normality test.
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Construct

	
Factor Loadings

	
CR

	
AVE

	
Cronbach Alpha






	
Dependent variable

	

	
0.817

	
0.716

	
0.969




	
HDI

Independent variables:

	
0.792

	

	

	




	
Entrepreneurship

	

	
0.951

	
0.765

	
0.891




	
Entrepreneurial activity:

	

	

	

	




	
Established business

	
0.879

	

	

	




	
TEA

	
0.881

	

	

	




	
Entrepreneurial attitude:

	

	

	

	




	
Fear of failure

	
0.969

	

	

	




	
Entrepreneurial intention

	
0.823

	

	

	




	
Perceived capabilities

	
0.816

	

	

	




	
Perceived opportunity

	
0.879

	

	

	




	
Green growth

	

	
0.946

	
0.718

	
0.753




	
Resource productivity:

	

	

	

	




	
CO2 emissions from electricity and heat production

	
0.843

	

	

	




	
total (% of total fuel combustion)

	

	

	

	




	
Renewable energy consumption

	
0.883

	

	

	




	
(% of total final energy consumption)

	

	

	

	




	
Material footprint per capita (tons)

	
0.955

	

	

	




	
Natural capital:

	

	

	

	




	
Forest area (percent of land area)

	
0.694

	

	

	




	
Oil rent

	
0.899

	

	

	




	
Natural gas

	
0.797

	

	

	




	
Coal rent

	
0.839

	

	

	




	
Kaiser–Meyer–Olkin test (KMO)

	
0.685

	

	

	




	
Bartlett’s Test of Sphericity

	
0.00

	

	

	




	
Shapiro–Wilk entrepreneurship 0.251; Green growth 0.116; Sustainable Development 0.323

	








CR = Composite Reliability; AVE = Average Variance Extraction.
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Table 5. Descriptive analysis and Pearson correlation.






Table 5. Descriptive analysis and Pearson correlation.

























	Variables
	Mean
	SD
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15





	HDI
	50.765
	4.937
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Renewable energy
	11.559
	1.828
	0.586 **
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Material footprint
	9.054
	0.657
	0.754 **
	0.287
	
	
	
	
	
	
	
	
	
	
	
	
	



	CO2 emission
	68.29
	1.747
	−0.441
	0.638 **
	0.168
	
	
	
	
	
	
	
	
	
	
	
	



	Forest area
	14.37
	1.772
	−0.945 **
	0.791 **
	0.672 **
	0.510 *
	
	
	
	
	
	
	
	
	
	
	



	Oil rent
	6.731
	0.5988
	0.782 **
	0.524 *
	0.828 **
	0.299
	0.790 **
	
	
	
	
	
	
	
	
	
	



	Natural gas
	3.592
	0.1126
	0.218
	−0.222
	0.520
	−0.450
	0.432
	0.193
	
	
	
	
	
	
	
	
	



	Coal rent
	2.5362
	1.3211
	0.222
	−0.174
	0.181
	0.061
	0.218
	0.37
	0.108
	
	
	
	
	
	
	
	



	Entrepreneur intention
	10.175
	3.633
	−0.539
	−0.597
	−0.173
	−0.583
	−0.386
	−0.054
	0.425
	0.280
	
	
	
	
	
	
	



	Fear of failure
	33.066
	6.57002
	−0.593 **
	−0.361
	−0.435
	−0.214
	−0.012
	−0.301
	−0.113
	−0.091
	−0.431
	
	
	
	
	
	



	Entrepreneurial capabilities
	39.339
	8.564
	−0.742 **
	−0.570 **
	−0.453 *
	−0.311
	−0.810 **
	−0.574 **
	−0.092
	−0.112
	0.555 *
	0.593 **
	
	
	
	
	



	Entrepreneurial opportunities
	35.024
	11.757
	0.786 **
	−0.654
	−0.511
	−0.384
	−0.874
	−0.634
	−0.204
	0.09
	0.703 **
	0.480 *
	0.950 **
	
	
	
	



	TEA
	7.465
	2.171
	0.814 **
	−0.397
	−0.666
	−0.201
	−0.768
	−0.591
	0.055
	0.442
	0.491 *
	0.254
	0.765 **
	0.759 **
	
	
	



	Establish business
	2.816
	2.116
	0.605 **
	−0.418
	−0.408
	−0.244
	−0.632
	−0.452
	−0.047
	−0.218
	0.315
	0.572 **
	0.794 **
	0.739 **
	0.586 **
	
	



	Population
	42.278
	3.543
	0.960 **
	−0.688
	−0.49
	−0.997
	−0.787
	−0.218
	−0.218
	−0.108
	0.543 *
	0.25
	0.813 **
	0.870 **
	0.780 **
	0.642 **
	







** p < 0.05; * p < 0.10.
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Table 6. Regression results.






Table 6. Regression results.





	
Variables

	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 5

	
Model 6






	
Resource productivity:

	

	

	

	

	

	
0.384 (0.016) *




	
Renewable energy

	
0.902 (0.025) **

	

	

	

	




	
Material footprint

	
4.831 (0.000) ***

	

	

	

	




	
CO2 emission

	
−0.367 (0.457)

	

	

	

	

	




	
Natural capital:

	

	

	

	

	

	
−0.826 (0.046) *




	
Forest cover

	

	
−6.171 (0.000) ***

	

	

	

	




	
Oil rent

	

	
1.252 (0.904)

	

	

	

	




	
Natural gas

	

	
10.186 (0.777)

	

	

	

	




	
Coal rent

	

	
0.635 (0.062)

	

	

	

	




	
Entrepreneurial attitude:

	

	

	

	

	

	
−0.341 (0.005) **




	
Entrepreneurial intention

	

	

	
1.078 (0.003) **

	

	

	




	
Fear of failure

	

	

	
−0.499 (0.002) **

	

	

	




	
Entrepreneurial capabilities

	

	

	
−0.331 (0.893) *

	

	

	




	
Entrepreneurial opportunities

	

	

	
0.645 (0.002) **

	

	

	




	
Entrepreneurial activity:

	

	

	

	

	

	
0.223 (0.042) *




	
TEA

	

	

	

	
1.606 (0.001) **

	

	




	
Establish business

	

	

	

	
0.464 (0.025) **

	

	




	
Control variable:

	

	

	

	

	

	




	
Population

	

	

	

	

	
1.418 (0.002) ***

	




	
Durbin Watson

	
1.231

	
1.254

	
1.552

	
1.654

	
0.383

	
1.439




	
R

	
0.853

	
0.989

	
0.905

	
0.829

	
0.960

	
0.983




	
R2

	
0.727

	
0.978

	
0.819

	
0.687

	
0.922

	
0.966




	
Adjusted R2

	
0.676

	
0.966

	
0.771

	
0.651

	
0.917

	
0.955








*** p < 0.01; ** p < 0.05; * p < 0.10.
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Table 7. Endogeneity results.






Table 7. Endogeneity results.





	Variable
	Coefficient
	Prob.





	Entrepreneurial capabilities
	−0.089641
	0.591



	CO2
	−0.309924
	0.937



	Coal rent
	0.402977
	0.449



	Entrepreneurial intention
	0.224981
	0.014



	Established business
	0.212506
	0.023



	Fear of failure
	−0.038099
	0.025



	Forest area
	−8.39421
	0.011



	Material footprint
	1.170569
	0.023



	Natural gas
	4.563046
	0.599



	Oil rent
	7.974366
	0.320



	Entrepreneurial opportunities
	0.058068
	0.047



	Populations
	4.36236
	0.004



	Renewable energy
	1.128144
	0.014



	TEA
	0.543057
	0.034
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