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Abstract

:

This study examines the challenges and opportunities of implementing the circular carbon economy model and digitalization in Saudi Arabia with a focus on CO2 emissions. The research finds that, prior to the pandemic outbreak in 2020, Saudi Arabia had succeeded in stabilizing production-based CO2 emissions due to a combination of policies outlined in the scope of Saudi Arabia’s Vision 2030. However, the economic downturn caused by the pandemic has led to a short-term reduction in CO2 emissions trends, highlighting the need for preparation for a rebound. Driven by the use of analytical methods including the Kaya Identity, this study suggests that the newly proposed circular carbon economy model could be an effective way for the country to mitigate greenhouse gas emissions by coordinating all significant stakeholders, including businesses and government actors. The research analyzes Saudi Arabia’s CO2 emissions trends over the past two decades and presents several steps necessary to achieve social, environmental, and economic outcomes for sustainable businesses operating in a fossil-rich country. We also highlight the need for organizational changes, new policy-making tools, as well as government, consumer, and stakeholder support to drive the changes required for integration of the circular carbon economy model and the adoption of smart technologies. Overall, the results can be used to emphasize the importance of sustainability as a competitive feature that allows businesses and countries to benefit from the distribution of risks and shared accountability.
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1. Introduction


Apart from substantial losses to the economy, the recent upheavals associated with the global pandemic brought up a significant opportunity to counteract climate change. As manufacturing and transportation halted, the international community experienced an unprecedented decrease in GHG emissions. Major corporations and small businesses both recognized it as a cue to embrace the circular economy approach on the path toward sustainability [1]. Traditionally existing within the domain of large companies, corporate social responsibility appears on the agenda of small- and medium-scale enterprises [2]. In this context, it is necessary to dispel concerns regarding the financial feasibility of the circular economy approach while highlighting its competitive benefits when combined with digital solutions.



Since a circular economy is typically associated with commercial entities, the King Abdullah Petroleum Studies and Research Centre (KAPSARC) helped to introduce a more comprehensive platform for economic diversification, i.e., the circular carbon economy model [3]. For entrepreneurs and business leaders, the circular economy approach becomes a transformational instrument that helps to prepare businesses for the anticipated uncertainties and challenges [4,5]. However, all efforts to preserve non-renewable resources and reduce waste fall short without a comprehensive strategy connecting new trends with sustainability goals [6]. In the context of societal, environmental, and economic frameworks, sustainability can be achieved by utilizing corporate resources to create long-lasting bonds with all stakeholders, including policymakers [7,8]. Consequently, a company is expected to realign its modes of operation while implementing business strategies that preserve its competitive advantage. Previously considered detrimental to competitiveness, the introduction of sustainable practices is being reimagined with the help of a circular economy approach and digitalization.



1.1. Sustainability Challenges in Saudi Arabia


Implementation of transformational instruments for sustainability outcomes will be a logical next step for the ever increasing number of executive leaders and managers. Although scholars and activists have advocated against unsustainable business practices for decades, the eventual shift occurs due to technological developments and external forces such as the global pandemic [1,9]. Furthermore, corporate-wide transformations would not be possible without the growing emphasis on circular thinking in scholarly circles. The concerted effort of all involved parties could become instrumental in introducing new business practices in Saudi Arabia that would be informed by KAPSARC’s circular carbon economy model and Saudi Arabia’s Vision 2030 [10]. An ever expanding body of knowledge covers different approaches to comparing circular economy initiatives as well as harnessing their potential to foster new innovations [11]. In addition, innovation efficiency driven by strict environmental policies has been shown to have major impacts on economic outcomes in several European and Asian countries [12,13]. The overall concept of sustainable competitiveness should be explored in the context of businesses and also from the broader perspective of individual countries and their associated policymaking efforts.



In addition to economic and environmental sustainability, the social dimension of sustainability is also crucial for achieving sustainable outcomes for Saudi companies. The existing research suggest that the recent introduction of the circular carbon economy framework had no tangible impacts on stakeholders’ social sustainability efforts beyond statements and long-term pledges [14]. Therefore, in this study, we also examine the potential of digitalization and the circular carbon economy model to improve social sustainability in Saudi companies. This includes analyzing the impact on workers and communities, as well as assessing the potential for creating social value through sustainable business practices. An illustrative example is the government’s incentive program that targets the production chain companies as well as the commercial and private consumers of air conditioning units [15]. By providing substantial monetary incentives, the policymakers seek to address the problem of the unsustainable air conditioning use [16].



Despite the progress made in recent years in terms of stabilizing CO2 emissions in Saudi Arabia, there is still a significant gap in understanding the most effective strategies for improving all aspects of sustainability in Saudi companies [14,15,17,18,19]. This study aims to address this gap by examining the potential of digitalization and the circular carbon economy model to improve sustainability in Saudi companies, specifically in the context of Saudi Arabia’s Vision 2030. This study provides a comprehensive overview of the current state of sustainability in Saudi companies, as well as an in-depth analysis of the potential benefits and challenges of implementing digitalization and the circular carbon economy model. Through this research, we hope to contribute to a better understanding of how to improve sustainability in Saudi companies and to provide valuable insights for policymakers and business leaders.




1.2. The Role of Digitalization in Sustainable Competitiveness


Although studies of the impacts of digitalization and a circular economy on a state’s economic sustainability have flourished in the past decade, there is a considerable lack of evidence in regard to Saudi Arabia. For example, economic sustainability has been shown to be closely interconnected to both policymaking efforts as well as the implementation of digital solutions [20,21]. The circular economy approach has already been linked to digitalization in several studies that have suggested that circularity benefits could be attained with the help of artificial intelligence and the Internet of Things as facilitators of the transitory stage from the linear economic model [22,23]. In turn, business leaders have begun to recognize competitive advantages stemming from organizational changes that prioritize sustainability-oriented digital solutions as well as the circular economy approach [24,25]. Nevertheless, most of these studies have approached the topic from narrow industry-specific perspectives and have failed to capture the broader significance of digitalization for Saudi Arabia’s work on entrenching circular a carbon economy at all levels.



For these reasons, the current study provides an overview of the most pertinent sustainability trends, and analyzes total CO2 emissions trends in Saudi Arabia with the help of the Kaya Identity, GDP per capita, and other methods. The literature review enables an analysis informed by industry-specific perspectives on the studied concept and its practical implementations. Coupled with the 4R principles for implementing the circular carbon economy model, the obtained data can be used to inform both organizational and country-wide efforts to mitigate climate change. The novelty of this research lies in its focus on the specific context of Saudi Arabia, and its examination of the combined potential of digitalization and the circular carbon economy model to improve sustainability in Saudi companies. This research contributes to the existing knowledge by providing valuable insights for policymakers and business leaders on how to attain sustainability at a regional scale, such as defined by the Vision 2030 agenda, as well as on the global scale. Overall, this research provides a better understanding of the potential benefits and challenges of implementing digitalization and the circular carbon economy model in developing countries, and more specifically in Saudi Arabia.





2. Comprehensive Literature Review


2.1. Sustainability Trends


By the 2020s, the critical necessity to pursue sustainability goals became apparent not only for environmental researchers but the global community as a whole. This common objective binds all stakeholders to alleviate climate change [26]. Consumers are acutely aware of the detrimental consequences associated with the irresponsible exploitation of natural resources, waste pollution, and greenhouse gas emission. While people are less inclined to buy services and products from socially irresponsible providers, governments pressure corporate players to optimize their business operations [27]. In response, most companies will be unable to preserve their competitive advantage without embracing sustainability trends to counteract climate change.



From this standpoint, the demand for environmentally friendly products and services can be satisfied by engaging in economically justified processes that respond to the current trends. The circular economy appraoch and digitalization are examples of such transformative trends. In contrast to linear production models, the former approaches manufacturing processes from a systemic perspective [28]. Due to the need to overhaul entire life cycles, sustainability-driven cooperation pushes businesses towards adopting renewable energy sources and relying on recyclable materials. Refurbishing and reusing products provides an opportunity to considerably reduce waste while preserving corporate resources [29]. Additionally, digitalization serves a supplementary purpose by not only optimizing the circular economy approach but also providing competitive advantages.




2.2. Circular Carbon Economy Model


According to the precepts of the circular economy approach, efforts to reduce waste by introducing circular approaches are instrumental for significantly reducing the reliance on natural resources. Consequently, the value added with the help of circular strategies results from optimization of corporate processes instead of uncontrolled exploitation of the environment [7]. As a sustainable alternative to the linear economy appraoch, the circular economy approach is invaluable for the following reasons: minimizing all forms of emissions, reducing manufacturing inefficiency, and reducing waste and pollution [5,28]. In this context, the described framework saves natural resources from overexploitation while ensuring that operational processes remain sustainable and effective.



The circular carbon economy model is an economic model that aims to reduce greenhouse gas emissions and create economic value by keeping resources in use for as long as possible. In contrast, the conventional linear economy approach is based on the traditional model of extracting resources, using them, and disposing of them [1]. The circular carbon economy model has several advantages over the conventional linear economy mode, such as reducing waste and pollution, creating new business opportunities, and increasing resource efficiency [30]. However, there are also some challenges to implementing the circular carbon economy mode, such as the need for significant investment in new technologies and the need for collaboration between different sectors [3,19]. From this perspective, digitalization initiatives can also play a significant role in contributing to sustainability by enabling more efficient use of resources, reducing waste and pollution, and creating new business opportunities [31]. For example, digitalization can enable the use of smart technologies such as IoT and AI to optimize resource use, and digital platforms can facilitate the sharing of resources in a circular economy.



It is important to note that the social aspect of sustainability has not been well documented in the literature. In addition to environmental and economic sustainability, social sustainability is crucial for achieving sustainable outcomes. When approached through the social lens, sustainability includes aspects such as the well-being of workers and communities, sustainable business practices that create social value through, and efforts to address issues such as inequality, poverty, and social exclusion [32,33]. Furthermore, there are several blockages and barriers to sustainable development that must be addressed in order to achieve sustainable outcomes. Social cultural issues, such as traditional attitudes towards resource use and waste, can make it difficult to implement sustainable practices [34]. A capitalistic mindset that prioritizes short-term profits over long-term sustainability can also be a barrier to sustainable development. Inequality can also be a significant barrier to sustainable development, as marginalized communities may not have access to the resources and opportunities needed to implement sustainable practices [35]. Political and policy issues, such as a lack of government support for sustainable development or a lack of regulations to enforce sustainable practices, can also be barriers [34]. A decline in transparency and freedom of expression can also be a barrier to sustainable development, as it can make it difficult for stakeholders to hold decision-makers accountable for their actions.



To successfully implement a circular economy as it has been originally defined, companies are required to make necessary adjustments along the cradle-to-cradle cycle [36,37]. Throughout different life cycle stages, transformations may include adopting renewable energy sources and implementing recycling and remanufacturing solutions to reduce the resulting waste [15,38]. Since this approach pertains to a near complete overhaul of traditional business operations, many businesses are hesitant to undergo the transformation. Nevertheless, the ever increasing push towards sustainability has helped to change the status quo by allowing such businesses to gain a competitive edge.



Whether driven by environmental laws or the desire to overcome competitors, businesses are gradually embracing the circular economy approach as the new norm. However, a lack of experience may prove challenging when overturning the existing business strategies and processes. Since the implementation of the circular economy approach encompasses all spheres of a firm’s operations, there can be multiple approaches to this process [5]. In all cases, the shift towards sustainable solutions necessitates a re-evaluation of business partnerships and relationships with stakeholders [8]. Based on the ideas described above, a group of researchers led by McDonough defined the concept of the circular carbon economy model [39].



In contrast to eliminating fossil fuels from the equation, the novel circular carbon economy model relies on transforming fugitive carbon into durable carbon and other solutions to reduce, recycle, remove, and reuse CO2. While KAPSARC has streamlined the idea on a country-wide scale, the lack of business cooperation is likely to impede progress due to the latter being one of the key stakeholders in the entire process [10]. The novelty of the circular carbon economy model explains the absence of a widely accepted definition of the concept, but digitalization is likely to form the foundation of all conceptualizations [40]. Whether aimed to minimize fugitive carbon via mitigation and energy efficiency or reuse and store CO2 in the “durable” form, policies cannot be feasibly implemented without digital solutions.




2.3. Digitalization


Digital technologies are an integral element of business operations in all industries. Smart solutions are widely used for streamlining traditional manufacturing and production processes yet to be adapted for the circular economy approach. Under these circumstances, businesses seek to invest in research and development as one of the key ways to optimize sustainable business models. In this framework, digitalization pertains to developing and integrating the following technologies: big data, the IoT; artificial intelligence; and others [38,41]. If adjusted in alignment with operational processes, they can considerably impact sustainability.



Digitalization is a transformational instrument that helps to achieve social, economic, and environmental outcomes by translating sustainable business strategies into daily operations. Moreover, new technologies are critical for promoting sustainable values at the organizational level while enhancing a firm’s competitiveness [8]. Capable of enabling new business models and geared towards opening opportunities to add value, smart technologies are expected to form the bedrock of future digital businesses [42]. The ability to monitor and adjust the production process on the go is transformational for most businesses seeking to embrace the circular economy approach.



Despite the highlighted strengths of digital solutions, digitalization is associated with risks that necessitate additional expenses and considerations. With cyberattacks emerging as a leading threat of the twenty-first century, organizations are required to implement industry-wide standards for cybersecurity and data protection [43]. Other considerations should be focused on privacy and handling sensitive data, as previous incidents have demonstrated the potential consequences of cyberattacks.



Among the most promising digital technologies for businesses is the Internet of Things, a solution allowing reimaging asset management, logistics, and manufacturing. With the help of IoT, firms are able to substantially increase production capacity by optimizing efficiency and performance [41]. Monitoring corporate assets throughout all life cycle stages is an invaluable addition to the circular economy approach [29]. Materials and products can both be monitored to reduce downtimes and, ultimately, to enable the circular flow of resources. Additionally, reports have revealed that corporations that have relied on big data and cloud solutions have enjoyed a 36-percent edge over competitors [44]. One of the crucial functions of data analytics pertains to the assessment of input–output flows and the estimation of energy consumption and production downtime.




2.4. Circular Economy Approach and Digitalization for Sustainable Economic Development


With the linear economic framework serving as a baseline, adoption of the circular economy approach is a gradual process that individual countries have embraced to varying extents. In contrast to the former which operates according to the unsustainable assumption that access to natural resources will remain unrestricted and easy, the latter incorporates solutions to minimize waste and optimize resource consumption. Specifically, multiple countries across the globe have already started entrenching waste recycling and the consequent reuse to utilize the value of resources involved in production cycles [37,45]. In contrast, only select Saudi cities have adopted municipal solid waste management programs as pilot initiatives [46]. Otherwise, the country currently lacks the capacity to capture and reduce CO2 and waste products, with the only facility being the plant in Jubail’s industrial city [15]. Governments emerge as principal economic and legal agents for promoting sustainable efforts, but the CE approach should be embraced by all entities involved in economic development, from the industrial sector to small entrepreneurship [47]. Without the government’s support, the transitory process can become an insurmountable obstacle for many organizations due to the associated restructuring costs, logistical challenges, and production cycle adjustments [24,48]. Nevertheless, a solid literature base exists regarding the importance of sustainable development as well as the tangible benefits of the circular economy approach and digitalization. In the context of economic growth and development, all three concepts are usually studied in isolation which is evidenced by the lack of complex research on the topic.



Seeking to provide a broad outlook on the benefits of the circular economy approach, one study focused on the USA and concluded that consistently sustainable economic growth could only be attained by investing in new technologies that would facilitate waste reduction, recycling, and resource management [49]. In the case of Saudi Arabia, the government appears to be disproportionally prioritizing the reduction component of the framework [50]. Several articles have highlighted another significant aspect of the circular economy approach—the prioritization of renewable energy technologies is a key step for preventing natural resource depletion and reducing CO2 emissions [18,51]. Importantly, the full advantage of the circular economy approach can only be accessed by successfully transitioning from a conventional linear economy which involves both educational and policy-making efforts. When taking into consideration a more novel concept such as the CCE model, an additional focus should be placed on perspectives shared by the involved stakeholders regarding sustainability, economy, and society [52].



Apart from scholars based in North America and Europe, these topics have been extensively studied by Chinese economists who are seeking to resolve the unmitigated exploitation of China’s natural resources in the past decades. While sustainable policies incorporating the circular economy approach have been in place for several years, there are concerns pertaining to circular economy measurements at micro- and macroeconomic levels [53,54]. An already implemented sustainable solution can effectively counteract some of the problems posed by a linear economy. Notably, China’s policies prioritize natural resource preservation and recycling, a stance reflected by measurement indicators that record industrial waste production, pollution from industrial activities, national GDP, and economic benefits [55]. From this standpoint, it is important to highlight that Saudi policymakers can follow the example of other countries, at least partially, when it comes to the successfully implementing the CCE model, a policy streamlined by the Middle Eastern country itself.



In the case of the Cooperation Council for the Arab States of the Gulf (GCC), the status quo radically changed following Saudi Arabia’s proposal, during the course of its G20 Presidency, to implement the CCE model. Partially informed by the circular economy models developed within the framework of the EU’s Circular Economy Action Plan, the CCE model accounts for sustainable competitiveness in a variety of key sectors such as electronics, energy, vehicles, packaging, water, and others [14,56]. According to the policymakers, the CCE model is expected to encompass all pre-existing circular economy initiatives in the GCC region while drawing from the experiences of other states and collaborating with the EU [57]. From this perspective, particular attention can be placed on Saudi Arabia and the UAE as both Middle Eastern states are characterized by fossil fuel dependency and the growing need for sustainable alternatives for economic growth [58]. According to Shehri et al. [15], the existing policies in the region are lacking as compared with other states, and they require substantial operationalization with the help of accounting frameworks aligned with internationally recognized standards.



Despite the fact that the CCE model is still in its early stages, the key underpinnings align with already existing solutions and programs in the GCC region. As a driving force behind the initiative, Saudi Arabia has shown its dedication to sustainable economic development by laying down Saudi Arabia’s Vision 2030 plan [59]. The latter emerges as a roadmap for developing high-level circular economy strategies and implementing technologies necessary to reduce natural resource depletion and optimize waste management. However, multiple authors have pointed out the need for a targeted approach that would identify problematic industries and address the associated value chains and waste management mechanisms [60,61,62]. In addition, the UAE has successfully implemented a robust policy base to ensure that organizations operate within regulatory frameworks optimized for sustainable competitiveness and waste management [63]. Previous studies have indicated that, although both GCC states engage in meaningful sustainability-oriented action, the existing CE policies have been largely limited to waste management and have failed to account for waste reduction [57,64]. Another challenge that should be addressed in the nearest future stems from the lack of waste markets, infrastructure, regulatory enforcement, incentives for businesses, and funding mechanisms [65]. Since the circular carbon economy model and digitalization can help foster sustainable economic development and support economic diversification in the GCC region, it is necessary to conduct a comprehensive overview of the current status quo.





3. Research Methodology


3.1. Theoretical Framework


An effective transition to sustainable economic development requires the availability of transparent and reliable metrics that are capable of measuring a country’s progress. Apart from recording milestones on the path to full sustainability, such metrics can provide crucial insights regarding shortcomings and challenges encountered during the transformation stage. Traditionally applied for assessing national and industry-specific dynamics, different interpretations of GDP and CO2 emissions data for a given country or sector are bound to have certain limitations when it comes to sustainable development [66]. Moreover, the introduction of the circular carbon economy model and digitalization practices have revealed additional insufficiencies in the established measurement techniques. For this reason, one of this study’s objectives is to investigate the impact of social, environmental, and economic factors on sustainable businesses operating in Saudi Arabia.



A comprehensive country-wide assessment of emissions drivers with the help of the Kaya Identity opens the possibility to further analyze four main determinants, i.e., population, GDP per capita, carbon intensity, and energy intensity. In the studied case, the next logical objective is to examine the propensity of the CCE model and digitalization for streamlining informed action on climate change without sacrificing competitiveness. As one of the secondary objectives, in this study, we seek to establish a contextual basis for future-use cases for both the CCE model and smart technologies by Saudi companies. Our final goal is to fill knowledge gaps regarding competitive sustainability and its interrelation with the CCE model and digitalization in the context of Saudi Arabia. A flowchart is presented in Figure 1 which provides a visualization of this study’s structure and arrangement which is discussed in detail below.




3.2. Data Collection


This emphasis in this paper is on the current state of organizational and statewide efforts aimed to mitigate climate change by focusing on CO2 emissions, guided the choice of methodological approaches and methods that are described further. For the purposes of assessing Saudi Arabia’s emissions of carbon dioxide in dynamics, we collated, reviewed, and analyzed data from the following internationally recognized sources: Emissions Database for Global Atmospheric Research by the European Commission, International Energy Agency’s data libraries; Statistical Review of World Energy by BP, Climate Watch Data by CAIT, and Global Carbon Project’s data libraries [67,68,69,70,71]. At the time of data collection in July 2022, all sources offered public or partially public access to raw datasets comprising pertinent estimates for Saudi Arabia from 1990 to 2020. The only exception was BP’s Statistical Review of World Energy which covered specific metrics, such as CO2 emissions, up to 2021. Considering that the latest Greenhouse Gas Emissions Inventory prepared as a part of KSA NC4 for UNFCCC covered only 2016 and earlier dates, the Saudi government’s reports were not illustrative of the latest emissions dynamics. Despite the lack of regularly updated national datasets that focused on CO2 emissions, a vital source referenced in the paper was the KAPSARC’s Circular Carbon Economy Index, which incorporated policy-related and other metrics relevant to Saudi Arabia [3].



The decision to include multiple sources of data on CO2 emissions in Saudi Arabia was precipitated by the fact that each dataset had specific strengths and weaknesses in the context of accuracy, availability, timeliness, level of detail, and other factors. Specifically, international providers had employed different methodologies when accounting for consumption-based and production-based CO2 emissions, a characteristic that became especially evident in fuel-centered and sectoral datasets. Another consideration related to the frequency of updates and distinct operational approaches to estimations made during the outbreak of the COVID-19 pandemic in 2020 and later dates. Despite the existence of widely recognized approaches for estimating aggregate and sectoral CO2 emissions, there were technicalities and alternative assumptions that often led to inconsistent attributions of emissions and fuel used by industrial sectors [15]. From this perspective, the incorporation of five significant sources was critical for accurately assessing and analyzing CO2 emissions trends in Saudi Arabia.




3.3. Data Analysis


Due to this paper’s scope encompassing the concept of the circular carbon economy model as well as data constraints regarding other GHGs, we primarily focused on CO2 emissions with a reservation that methane and nitrous oxide emissions would be covered in future studies. In alignment with the circular carbon economy framework and the need for a country-wide assessment of emissions drivers in Saudi Arabia, the Kaya Identity emerged as one of the critical analytical tools [72]. In combination with the total CO2 emissions, the Kaya Identity equation provided an opportunity to investigate four main determinants or factors: population, GDP per capita, carbon intensity, and energy intensity. The corresponding equation can be presented as follows:


CO2 Emissions = CO2∕Energy × Energy∕GDP × GDP × Population



(1)







In the Kaya Identity Formula (1), CO2 emissions is the total CO2 emissions in a country or sector; CO2/Energy is the carbon intensity, which is the amount of CO2 emissions per unit of energy consumption; Energy/GDP is the energy intensity, which is the amount of energy consumption per unit of GDP; GDP is the Gross Domestic Product; Population is the total population of a country or sector. This equation allows for the calculation of CO2 emissions based on the factors that drive them, such as population, GDP per capita, carbon intensity, and energy intensity [72]. By analyzing these factors, in this study, we could identify opportunities for reducing emissions through improving energy and carbon efficiency.



To apply the Kaya Identity equation to various sectors, we used sector-specific data on emissions and energy consumption. Then, these data were used to calculate the carbon and energy intensities for each sector. The carbon intensity was calculated by dividing the sector’s CO2 emissions by its energy consumption; then, the energy intensity was calculated by dividing the sector’s energy consumption by its GDP. Subsequently, the sector-specific carbon and energy intensities, along with data on population and GDP per capita, were used to calculate the CO2 emissions for each sector using the Kaya Identity equation. This provided a detailed examination of the factors that were driving CO2 emissions in each sector, and allowed us to identify opportunities for reducing emissions through improving energy and carbon efficiency.



In the research framework, the Kaya Identity could be further decomposed and processed to visualize year-on-year net changes of all indicators, starting from 1990. To this end, in this study, the calculations were based on the raw data from the following sources: annual CO2 emissions from the Global Carbon Project, energy data from BP, GDP measures in PPP-adjusted 2011 USD from the Maddison Project Database, and population from the UN Population Division [73,74]. While the assessment of sectoral emissions was primarily based on CAIT Climate Watch Data, the consequent analysis involved further cross-checking and comparisons with sectoral allocations of emissions, as presented by IEA and EDGAR [68,70,71]. Notably, all sources reflected the outcomes of the COVID-19 pandemic, which were further triangulated by using government and industry reports. Since all the used materials demonstrated the economic decline caused by the pandemic and its impacts on emissions in 2020, we also used the KAPSARC’s CCE Index [3] to triangulate and validate the results of the analysis, which enabled us to compare the current scenario with a benchmark and also identify gaps and recommend measures to fill those gaps.





4. Analysis and Results


As a brief background to this study results, it is essential to note that, although the collated data focused exclusively on CO2 emissions and de-emphasizes other GHGs, the former emerged as a majorly unmitigated concern in the later twentieth century. In the 1980s, the efforts of stakeholders in Saudi Arabia’s petrochemical industry enabled the successful implementation of policies that resulted in a sizable reduction of total CH4 reduction by the end of the decade [75]. Thanks to efficient research-based policies as well as the infrastructure funding by the Saudi government, it became possible to capture and reduce the amount of fugitive methane by nearly 70%. In principle, the process of capturing fugitive gases, such as methane, that result from crude oil extraction is not dissimilar from the 4R principles introduced as a part of the circular carbon economy model [40]. For example, the same expertise and determination can be employed for entrenching CCUS, a different yet increasingly effective emissions reduction technology.



One of the research hotspots in the field of a circular carbon economy is examination of the economic benefits and challenges associated with implementing this approach. This includes analyzing the potential for cost savings through resource efficiency, as well as the potential for creating new business opportunities. Another research hotspot encompasses examination of the potential for digital technologies, such as IoT and AI, to enable the circular economy. Specifically, the assessment of potential digital platforms to facilitate resource sharing and the optimization of resource use. In addition to this, we focused on analyzing the potential of the circular carbon economy model in various sectors and industries such as manufacturing, construction, agriculture, and transportation. From this perspective, it is necessary to highlight the role of government, consumers, and other stakeholders in driving the adoption of sustainable practices. While future studies are recommended to analyze each of these relationships individually, a comparative visualization can be observed in Figure 2. Importantly, the government and businesses can influence all steps in the circular process, either via direct initiatives or indirect involvement.



In a comprehensive outlook on Saudi Arabia’s total CO2 emissions for the last two decades, Figure 3 visualizes data accounting for the following main fuel use agents: the industrial sector, electricity and heat, the transportation sector, the construction and manufacturing sectors, buildings, and fugitive emissions. Historical trends pertaining to the sectoral decomposition of CO2 emissions are critical for understanding current dynamics and identifying key areas of concern. While the power sector is one of the main contributors, with emissions peaking at 256 MtCO2 in 2015, the second and third positions can be attributed to the transportation sector as well as the manufacturing and construction spheres, respectively. Following economic issues precipitated by the COVID-19 pandemic, a downturn in CO2 emissions can be observed regarding the first two sectors but not manufacturing and construction, which continued to increase steadily throughout 2020. Coupled with a relatively low contribution from industries, these observations can inform the adoption of circular carbon economy policies at the organizational level.



Figure 4 showcases country-wide estimations of total production-based CO2 emissions in Saudi Arabia between 1990 and 2020. The raw data provided by BP and EDGAR closely mirror each other, but the former suggest a steeper reduction in 2020. In contrast, the Global Carbon Project’s estimates are comparatively higher and do not reflect any noticeable downturns in response to the COVID-19 pandemic. Despite not being updated beyond 2019, the annual CO2 metrics by IEA exhibit similar magnitude and directional characteristics as compared with the other three. In this context, the 2019 estimates from the four used sources are as follows: 495.2 MtCO2 from IEA, 622.4 MtCO2 from the Global Carbon Project, 582.17 MtCO2 from BP, and 593.3 MtCO2 from EDGAR. As compared with 2018, the dynamics were insignificant except for BP, which showed a 3.69% decline in total CO2 emissions. While differences between the four data providers appear significant, they mainly result from different estimation techniques and attributions among end-use sectors [15]. Nevertheless, the overview provides a holistic perspective on total CO2 emissions trends in Saudi Arabia as observed by internationally recognized agencies.



Drawing from the CO2 emissions data provided by BP, Figure 5 demonstrates year-on-year deltas for Saudi Arabia as one of the most significant contributors by volume in the Middle East. As compared with consistent yearly increases in total CO2 emissions in the region until 2019, Saudi Arabia exhibited several periods of downward trends in 1992, 1995, and 2017. Another critical observation pertains to the rebound of total CO2 emissions in 2021, as Middle Eastern states, including Saudi Arabia, gradually recovered from the economic outcomes of the COVID-19 pandemic.



From the macroeconomic perspective, the Kaya Identity provides an opportunity to decompose total CO2 emissions by identifying the contributions of the four main drivers, i.e., population, energy intensity, carbon intensity per unit of energy and GDP, and GDP per capita [72]. As evident in Figure 6, steady population growth has decoupled from the total CO2 emissions, but the latter remains closely tied to other indicators. For example, a fall and the consequent stabilization in 2015 and, to a lesser extent in 2017, are reflected by similar changes to GDP per capita and carbon intensity. On the whole scale from 1990 to 2021, there have been no consequential shifts to the carbon intensity per unit energy index, which has remained at −5.08%. However, the steady decline in energy intensity (56.27% in 2018) and carbon intensity per GDP (59.05% in 2018) reveals that Saudi Arabia has partially managed to offset the rapid increase in GDP and population. While GDP per capita growth has primarily slowed down after peaking in 2015, the graph shows a limited rebound by 2018. The consequent sharp decrease in response to the COVID-19 economic outcomes is not reflected in raw data. Another Kaya Identity decomposition would be necessary as soon as the data becomes available [77].



Overall, the year-on-year percentage change for Saudi Arabia’s CO2 emissions drivers shows that sluggish GDP and population growth and also policy-related indicators, such as carbon intensity and energy intensity, have contributed to the observed changes in total CO2 emissions. The latter has partially stabilized in response to policies that the Saudi government introduced as a part of Saudi Arabia’s Vision 2030. Industry-specific sources further indicate that the country has succeeded in gradually phasing out diesel consumption for the purposes of power generation and transportation [15]. Although not reflected by the Kaya Identity, the recent decline in CO2 and GDP in response to the pandemic is likely to result in a symmetrical rebound throughout the consequent years. Consequently, Saudi policymakers and researchers can rely on the successes of previous stabilization efforts to inform steps necessary to prevent potential rebounds in CO2 emissions. In the scope of the circular carbon economy framework proposed by KAPSARC, several vital steps would involve the development of economic diversification plans, energy-efficient practices, and technological solutions [10]. The observed data resemble statistics reported for the UAE which warrants a brief comment due to the latter’s similarly high dependence on fossil fuels. Specifically, the situation in the neighboring state is largely characterized by a considerably smaller population and more proactive sustainability-oriented reforms [5]. Particular attention can be placed on the effort to mitigate CO2 emissions with the help of CO2-enhanced oil recovery as well as carbon recapture and storage [78]. These techniques can be combined with waste management and digitalization solutions discussed below.




5. Discussion


5.1. Interpretation of Key Findings


As evidenced from the Kaya Identity, the data analysis reveals the current state of Saudi Arabia’s CO2 emissions trends in the context of main emissions drivers. While observers comment that the unexpected economic downturn due to the pandemic helped reduce total emissions temporarily, the underlying patterns have remain unchanged [15]. Despite slow reductions in carbon and energy intensity, CO2 emissions are intrinsically tied to the country’s population and GDP growth. The introduction of new climate-oriented policies as a part of Saudi Arabia’s Vision 2030 has helped to partially alleviate the situation. However, KAPSARC’s circular carbon economy index emerges as an additional tool for policy-making efforts [3]. At the time of writing, Saudi Arabia showed the highest performance indicator of 40.63 among Middle Eastern states as well as the fourth highest enablers score [10]. By implementing the 4R principles of the circular carbon economy model at the country-wide and organizational levels, it would be possible to stabilize the CO2 emissions increase further and prevent anticipated rebounds.



Due to the relative incompatibility with traditional business strategies, a circular carbon economy model and other sustainable practices serve as a push toward organizational change and transformation. Apart from attaining sustainable goals, it is imperative to not only preserve stable operations but also gain a competitive edge. Hence, businesses can rely on smart technologies and the 4R circular carbon economy principles to enhance production capacity and generate profit [8,40]. The emerging business models should account for opportunities and risks associated with new frameworks. For example, the demand for sustainable products can be met with the help of new products, improved operations, and life-cycle responsibility [9]. As a result, the chosen business model should reflect transformation to a circular economy.



Depending on a business’s reliance on data, the organizational change could involve new strategies aimed at developing and integrating digital and physical resources together with the government. All data-driven processes predicate the implementation of appropriate data governance, regulations, and corporate culture [38]. From another standpoint, responsible employees should be trained to handle data and manage newly established circular processes and indicators proposed by KAPSARC and other agencies [10]. By ensuring their compliance with government regulations, companies secure themselves from the potential downsides of both the circular carbon economy model and digitalization.



Furthermore, the use of digitalization and circular carbon economy solutions and policies precipitates the development of internal assets and resources to address new challenges. The growing demand for sustainable products drives firms to reassess the skills and knowledge necessary to maintain sustainable organizational processes [27]. The following capabilities are among the essential functions that facilitate organizational change: strategic, operational, dynamic, and other capabilities [7,15]. As a result, businesses should focus on pertinent capabilities to ensure their alignment with a sustainable business strategy. Unfortunately, the scope of strategic and operational changes becomes a major obstacle to firms seeking to adopt smart technologies or re-orient towards the circular economy approach.




5.2. Propositions


As previously explored in the Comprehensive Literature Review section, the growing emphasis on the circular economy among North American and European policymakers contrasts with the current situation in the GCC region. While it becomes increasingly evident that the linear economic model is unsustainable from the long-term perspective, the Saudi government and businesses are only starting to acknowledge the value of sustainable economic development [63,75]. The findings presented above form the foundation for the first proposition to accelerate economic diversification by ensuring that both policymakers and businesses adhere to the optimal regulatory frameworks.



However, the recent economic upheavals complicate objective assessments of the short-term effects of Saudi Arabia’s Vision 2030 and other associated initiatives such as the CCE model [79,80]. Despite ambitious plans to restructure hydrocarbon dependent sectors with the help of sustainability-driven regulatory frameworks, there are no discernible effects of circular economy policies on the country’s shift to sustainable economic development. This situation can be partially explained by the policymakers’ focus on high-level strategies and the lack of a targeted approach guiding specific sectors, a situation similar to that observed in the UAE [62]. As compared with other GCC states, Saudi Arabia’s move to launch the CCE model is further supplemented by various economic diversification strategies highlighted in Saudi Arabia’s Vision 2030 [65]. Particularly, previous studies have pointed to the evidence suggesting that businesses are encouraged to adopt advanced recycling processes and embrace sustainable production chains [75]. In this context, the second proposition is that policymakers and researchers shift their focus on more narrow industry-specific strategies that account for conditions faced by the involved stakeholders.



This study further highlights the unprecedented growth of CO2 emissions which, together with rapid resource depletion, is likely to result in dire consequences for Saudi Arabia as well as other GCC nations. Albeit temporarily alleviated by the COVID-related decline, the current situation calls for a transition from the conventional linear economic model [77,80]. The literature review highlighted evidence suggesting that circular economy initiatives are being implemented not only in the GCC region but also in China, North America, and Europe. Unfortunately, the practical implementation and the consequent effectiveness of such efforts vary from country to country. For example, the UAE’s Circular Economic Policy is a framework that closely resembles the CCE model proposed by Saudi Arabia [62]. While the UAE’s authorities acted upon the aforementioned strategies and developed policies helping to reduce consumption and increase recycling, there are currently no tangible large-scale outcomes at the time of this research. Arguably, waste management and digitalization appear to have been prioritized over other aspects of a circular economy by both the UAE and Saudi Arabia. These observations are used to define the third proposition that tangible effects on CO2 emissions from the CCE-driven initiatives can only be realized by incorporating experiences of other countries with an equal focus on the reduce, recycle, reuse, and remove stages.




5.3. Global Applications of the CCE Model


Since this study focusing on Saudi Arabia provides a regional context for the global issue, many of the findings remain applicable to other countries and regions, especially in the context of globalization. Considering that sustainability cannot be achieved without the concerted effort of all partners and stakeholders, industry-wide transformations are critical to the eventual success of a company and the country. In this case, partnering businesses are responsible for jointly taking steps toward digitalization and a circular economy by coordinating with government agencies and other organizations [81]. To achieve a competitive advantage as well as benefit from sustainable outcomes, a business should either redefine its relationships with partners and stakeholders or take initiatives offered by newly introduced concepts such as the circular carbon economy model. Domestic and international stakeholders both need to adopt new roles to ensure that a circular economy approach results in superior savings and profit for companies while negating waste and emissions for the country as a whole [29]. As equally involved in the circular economy approach, consumers should act responsibly and assist businesses in attaining sustainability goals [1]. Accordingly, industry-wide transformation is critical to establish prerequisites for value co-creation resulting in a competitive advantage on a global scale. The academic community involved with technological forecasting and social change can benefit from this study’s contributions as both digitalization and the circular economy model emerge as the driving forces underlying the proposed steps toward a more sustainable future for all countries.




5.4. Current Challenges and Policy Recommendations


As can be inferred from the findings and literature review, the implementation of the CCE model is facing several challenges. One of the main challenges pertains to the difficulty in measuring and verifying circular economy activities, which makes it hard to track progress and evaluate the effectiveness of policies and initiatives. Another challenge is the lack of data on circular economy activities, which complicates the process of identifying opportunities for improvement and tracking progress. There is also a lack of understanding and awareness of the circular economy approach among stakeholders, which makes it hard to engage them in the transition. In addition, the difficulty in scaling up circular economy activities, as many companies struggle to implement circular economy practices on a larger scale, emerges as a critical obstacle to plans outlined by the Saudi government [82]. Moreover, there is insufficient collaboration and coordination among stakeholders, which makes it difficult to achieve the systemic change required for a successful transition to a circular economy. To overcome these challenges, it is important to increase transparency and data collection, raise awareness, encourage collaboration and coordination, and provide the necessary policies and legal frameworks to help companies adopt circular economy practices.



Policies and legal aspects play a crucial role in promoting and implementing the circular carbon economy model, with one of the key examples being carbon pricing and emissions trading schemes, which provide a financial incentive for companies to reduce their carbon emissions by putting a price on carbon [15]. Government subsidies and incentives for resource-efficient and low-carbon technologies can also encourage companies to adopt circular economy principles. Regulations and standards for product design and end-of-life management can assist with ensuring that products are designed to be easily repaired, reused, or recycled [19]. Extended producer responsibility schemes shift responsibility for product end-of-life management from the government to the producers, encouraging the latter to design products that are more easily recycled. Resource efficiency and waste reduction policies can also encourage companies to adopt circular economy principles by reducing the amount of resources used and waste generated, as has been observed in other countries [11,50]. These policies and legal aspects, when implemented effectively, can promote the circular economy approach and can reduce greenhouse gas emissions.





6. Conclusions


6.1. Contribution to Theory


As evidenced by the lack of current research approaching the CCE model and digitalization in the context of sustainable competitiveness, the topic remains relatively understudied. Moreover, there is a limited theory body of knowledge pertaining to the high-level analysis of sustainable economic development in Saudi Arabia as well as the implications of the studied problem for the industry and the country’s economy. As a result, the current study has focused on the Kaya Identity as well as CO2 emissions trends in Saudi Arabia for the last two decades. Apart from providing a background for the perspectives of implementing circular carbon economy policies, the results of the data analysis showcase the need for resilient solutions that would be embraced and followed by all stakeholders. One of the key contributions pertains to the development of a foundation that can be potentially used by the government to develop policies that account for the needs of local businesses and to ensure that the 4R principles of a circular carbon economy model are compatible with the realities of Saudi Arabia. From a broader perspective, the research combines existing evidence with new data and propositions to be eventually scrutinized and applied in other contexts.




6.2. Contribution to Practice


Since the current study provides a high-level outlook on Saudi Arabia’s sustainable economic development as well as the roles played by the circular carbon economy model and digitalization, the findings can be used as a foundation for crafting informed policies and strategies. Furthermore, the comparative analysis of competitive sustainability on multiple levels in Saudi Arabia in contrast to other states reveals pertinent challenges and opportunities for policymakers. Considering that circular economy implementations are largely limited to high-level policies, there is a need for focused initiatives that would encourage individual businesses to cooperate with the government’s agenda. However, the practical contributions are not constrained to theory making as some of the proposed solutions can be immediately adopted by major stakeholders, such as government corporations and agencies.




6.3. Limitations


In this framework, one of the main limitations is the lack of industry-specific data that could help to create a more cohesive representation of the transitionary stage between linear and sustainable economic models. This limits the ability to provide a detailed analysis of the different sectors and their specific challenges and opportunities for implementing the circular carbon economy model and digitalization. Additionally, this study relies on data from different sources which may have different methodologies and assumptions, which could introduce some uncertainty in the analysis. Furthermore, this study is based on data that is mostly available up until 2021, which means that it does not consider any changes or developments that may have occurred after that date. Another limitation is that this study focuses primarily on CO2 emissions and does not consider other greenhouse gases such as methane and nitrous oxide which are also significant contributors to climate change. Finally, this research is based on a single country, and therefore, the results may only partially be generalizable to other countries. Despite these limitations, this study provides valuable insights into the challenges and opportunities of implementing the circular economy approach and digitalization in Saudi Arabia and can serve as a basis for further research.




6.4. Future Research


The current study provides valuable insights into the challenges and opportunities of implementing the CCE model in Saudi Arabia with the help of digitalization efforts. However, there is still a considerable opportunity for further research that could be based upon the findings of this study. A key area for future research is to conduct a more detailed analysis of the different sectors and their specific challenges and opportunities for implementing the CCE model in Saudi Arabia. Scholars are recommended to involve collecting industry-specific data and conducting case studies to provide a more detailed understanding of the different sectors. Another opportunity for future research pertains to the investigation of other greenhouse gases such as methane and nitrous oxide as well as their roles in the circular economy approach and digitalization. Additionally, it would be increasingly relevant to conduct a similar study in countries with different economic backgrounds to compare the results and identify common challenges and opportunities. This work could help to determine optimal practices and policy recommendations that could be further applied globally. There is also a need for long-term research to evaluate the effectiveness of the policy recommendations and the progress made in implementing the circular carbon economy model and adopting smart technologies. Overall, the current research provides a valuable starting point for further academic inquiries in the field of the CCE model and digitalization while highlighting the importance of addressing pertinent issues in order to achieve sustainable outcomes.








Author Contributions


Conceptualization, N.Y. and M.D.L.; methodology, N.Y. and M.D.L.; software, N.Y. and M.D.L.; validation, M.D.L.; formal analysis, N.Y.; investigation, N.Y. and M.D.L.; resources, N.Y.; data curation, N.Y. and M.D.L.; writing—original draft preparation, N.Y.; writing—review and editing, N.Y. and M.D.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The datasets about CO2 emissions used in the current study were obtained from public domains such as the World Resources Institute (https://www.wri.org/data/climate-watch-cait-country-greenhouse-gas-emissions-data, accessed on 7 October 2022); the BP energy charting tool (https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/energy-charting-tool-desktop.html, accessed on 7 October 2022); the International Energy Agency (https://www.iea.org/countries/saudi-arabia, accessed on 7 October 2022); the World Bank (https://openknowledge.worldbank.org/handle/10986/35419, accessed on 7 October 2022); the International Energy Agency (https://www.iea.org/countries/saudi-arabia, accessed on 7 October 2022).




Acknowledgments


The authors are grateful to anonymous editors and reviewers for providing valuable insights on the discussed topics.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sheikh, A. How Developing a Circular Economy Requires Concerted Efforts. Gulf Business. 2021. Available online: https://gulfbusiness.com/how-developing-a-circular-economy-requires-concerted-efforts/ (accessed on 7 October 2022).

	



Mahmud, A.; Ding, D.; Hasan, M.M. Corporate social responsibility: Business responses to Coronavirus (COVID-19) pandemic. SAGE Open 2021, 11, 2158244020988710. [Google Scholar] [CrossRef]

	



Luomi, M.; Yilmaz, F.; Al Shehri, T. The Circular Carbon Economy Index 2021–Methodology; King Abdullah Petroleum Studies and Research Center: Riyadh, Saudi Arabia, 2021. [Google Scholar]

	



Ekins, P.; Domenech Aparisi, T.; Drummond, P.; Bleischwitz, R.; Hughes, N.; Lotti, L. The Circular Economy: What, Why, How and Where; OECD: Paris, France, 2020. [Google Scholar]

	



Fujiwara, N.; Rizos, V.; Nunez, J. Study on Circular Economy developments in the GCC region and opportunities for collaboration with the European Union. In EU-GCC Dialogue on Economic Diversification Project; European Union: Brussels, Belgium, 2021. [Google Scholar]

	



Hakovirta, M.; Denuwara, N. How COVID-19 redefines the concept of sustainability. Sustainability 2020, 12, 3727. [Google Scholar] [CrossRef]

	



Lacy, P.; Long, J.; Spindler, W. The Circular Economy Handbook; Palgrave Macmillan: London, UK, 2020. [Google Scholar]

	



Spaltini, M.; Poletti, A.; Acerbi, F.; Taisch, M. A quantitative framework for Industry 4.0 enabled Circular Economy. Procedia CIRP 2021, 98, 115–120. [Google Scholar] [CrossRef]

	



Atasu, A.; Dumas, C.; Van Wassenhove, L.N. The Circular Business Model. Harvard Business Review. 2021. Available online: https://hbr.org/2021/07/the-circular-business-model (accessed on 7 October 2022).

	



Luomi, M.; Yilmaz, F.; Al Shehri, T. The Circular Carbon Economy Index 2021–Results; King Abdullah Petroleum Studies and Research Center: Riyadh, Saudi Arabia, 2021. [Google Scholar]

	



Evertsen, P.H.; Rasmussen, E.; Nenadic, O. Commercializing circular economy innovations: A taxonomy of academic spin-offs. Technol. Forecast. Soc. Change 2022, 185, 122102. [Google Scholar] [CrossRef]

	



Bresciani, S.; Puertas, R.; Ferraris, A.; Santoro, G. Innovation, environmental sustainability and economic development: DEA-Bootstrap and multilevel analysis to compare two regions. Technol. Forecast. Soc. Change 2021, 172, 121040. [Google Scholar] [CrossRef]

	



Pradhan, R.P.; Arvin, M.B.; Nair, M.S.; Hall, J.H.; Bennett, S.E. Sustainable economic development in India: The dynamics between financial inclusion, ICT development, and economic growth. Technol. Forecast. Soc. Change 2021, 169, 120758. [Google Scholar] [CrossRef]

	



Alsarhan, L.M.; Alayyar, A.S.; Alqahtani, N.B.; Khdary, N.H. Circular Carbon Economy (CCE): A Way to Invest CO2 and Protect the Environment, a Review. Sustainability 2021, 13, 11625. [Google Scholar] [CrossRef]

	



Shehri, T.A.; Braun, J.F.; Howarth, N.; Lanza, A.; Luomi, M. Saudi Arabia’s Climate Change Policy and the Circular Carbon Economy Approach. Clim. Policy 2022, 1–17. [Google Scholar] [CrossRef]

	



Howarth, N.; Odnoletkova, N.; Alshehri, T.; Almadani, A.; Lanza, A.; Patzek, T. Staying cool in A warming climate: Temperature, electricity and air conditioning in Saudi Arabia. Climate 2020, 8, 4. [Google Scholar] [CrossRef]

	



Almulhim, A.I.; Abubakar, I.R. Understanding public environmental awareness and attitudes toward circular economy transition in Saudi Arabia. Sustainability 2021, 13, 10157. [Google Scholar] [CrossRef]

	



Alshammari, Y.M. Achieving climate targets via the circular carbon economy: The case of Saudi Arabia. C 2020, 6, 54. [Google Scholar] [CrossRef]

	



Mansouri, N.Y.; Alhusseini, A.; Al-Saud, N.T.; Alshalan, M.S.; Benlahrech, M.; Kobayashi, Y.; Sedaoui, R.; Toyoda, M.; Yaroshenko, L. A carbon management system of innovation: Towards a circular carbon economy. G20 Insights 2020, 10, 12. [Google Scholar]

	



Hung, N.T. Green investment, financial development, digitalization and economic sustainability in Vietnam: Evidence from a quantile-on-quantile regression and wavelet coherence. Technol. Forecast. Soc. Change 2022, 186, 122185. [Google Scholar] [CrossRef]

	



Zoppelletto, A.; Orlandi, L.B. Cultural and digital collaboration infrastructures as sustainability enhancing factors: A configurational approach. Technol. Forecast. Soc. Change 2022, 179, 121645. [Google Scholar] [CrossRef]

	



Chauhan, C.; Parida, V.; Dhir, A. Linking circular economy and digitalisation technologies: A systematic literature review of past achievements and future promises. Technol. Forecast. Soc. Change 2022, 177, 121508. [Google Scholar] [CrossRef]

	



De Souza, M.; Pereira, G.M.; de Sousa Jabbour, A.B.L.; Jabbour, C.J.C.; Trento, L.R.; Borchardt, M.; Zvirtes, L. A digitally enabled circular economy for mitigating food waste: Understanding innovative marketing strategies in the context of an emerging economy. Technol. Forecast. Soc. Change 2021, 173, 121062. [Google Scholar] [CrossRef]

	



Skvarciany, V.; Lapinskaitė, I.; Volskytė, G. Circular economy as assistance for sustainable development in OECD countries. Oeconomia Copernic. 2021, 12, 11–34. [Google Scholar] [CrossRef]

	



Zhang, X.; Chu, Z.; Ren, L.; Xing, J. Open innovation and sustainable competitive advantage: The role of organizational learning. Technol. Forecast. Soc. Change 2022, 186, 122114. [Google Scholar] [CrossRef]

	



Al Kufy, F. Middle East’s circular economy expectations for the next ten years. Open Sci. J. 2021, 6, 1–10. [Google Scholar] [CrossRef]

	



Doyle, E.; Perez-Alaniz, M. On the Pillars of Sustainable Development: A Sustainable Competitiveness Approach. 2020. Available online: https://www.semanticscholar.org/paper/On-the-Pillars-of-Sustainable-Development-%3A-A-Doyle-Perez-Alaniz/0ac19425cf993778a37d3514b3e30675af742aac (accessed on 7 October 2022).

	



Geissdoerfer, M.; Savaget, P.; Bocken, N.M.; Hultink, E.J. The Circular Economy—A new sustainability paradigm? J. Clean. Prod. 2017, 143, 757–768. [Google Scholar] [CrossRef]

	



World Bank. Circular Economy in Industrial Parks: Technologies for Competitiveness; World Bank: Washington, DC, USA, 2021. [Google Scholar]

	



Lahti, T.; Wincent, J.; Parida, V. A definition and theoretical review of the circular economy, value creation, and sustainable business models: Where are we now and where should research move in the future? Sustainability 2018, 10, 2799. [Google Scholar] [CrossRef]

	



Lichtenthaler, U. Digitainability: The combined effects of the megatrends digitalization and sustainability. J. Innov. Manag. 2021, 9, 64–80. [Google Scholar] [CrossRef]

	



Amrutha, V.N.; Geetha, S.N. A systematic review on green human resource management: Implications for social sustainability. J. Clean. Prod. 2020, 247, 119131. [Google Scholar] [CrossRef]

	



Gillan, S.L.; Koch, A.; Starks, L.T. Firms and social responsibility: A review of ESG and CSR research in corporate finance. J. Corp. Financ. 2021, 66, 101889. [Google Scholar] [CrossRef]

	



Khan, S.A.R.; Zkik, K.; Belhadi, A.; Kamble, S.S. Evaluating barriers and solutions for social sustainability adoption in multi-tier supply chains. Int. J. Prod. Res. 2021, 59, 3378–3397. [Google Scholar] [CrossRef]

	



Ikram, M.; Zhang, Q.; Sroufe, R.; Ferasso, M. The social dimensions of corporate sustainability: An integrative framework including COVID-19 insights. Sustainability 2020, 12, 8747. [Google Scholar] [CrossRef]

	



Căutișanu, C.; Asandului, L.; Borza, M.; Turturean, C. Quantitative approach to circular economy in the OECD countries. Amfiteatru Econ. 2018, 20, 262–277. [Google Scholar]

	



Schöggl, J.P.; Stumpf, L.; Baumgartner, R.J. The narrative of sustainability and circular economy-A longitudinal review of two decades of research. Resour. Conserv. Recycl. 2020, 163, 105073. [Google Scholar] [CrossRef]

	



Kristoffersen, E.; Blomsma, F.; Mikalef, P.; Li, J. The smart circular economy: A digital-enabled circular strategies framework for manufacturing companies. J. Bus. Res. 2020, 120, 241–261. [Google Scholar] [CrossRef]

	



McDonough, W. Carbon is not the enemy. Nature 2016, 539, 349–351. [Google Scholar] [CrossRef]

	



Luomi, M.; Yilmaz, F.; Al Shehri, T.; Haworth, N. The Circular Carbon Economy Index—Methodological Approach and Conceptual Framework; King Abdullah Petroleum Studies and Research Center: Riyadh, Saudi Arabia, 2021. [Google Scholar]

	



Seele, P.; Lock, I. The game-changing potential of digitalization for sustainability: Possibilities, perils, and pathways. Sustain. Sci. 2017, 12, 183–185. [Google Scholar] [CrossRef]

	



Leinwand, P.; Mani, M.M. Digitizing Isn’t the Same as Digital Transformation. Harvard Business Review. 2021. Available online: https://hbr.org/2021/03/digitizing-isnt-the-same-as-digital-transformation (accessed on 7 October 2022).

	



Demartini, M.; Evans, S.; Tonelli, F. Digitalization technologies for industrial sustainability. Procedia Manuf. 2019, 33, 264–271. [Google Scholar] [CrossRef]

	



IBM. Innovative Analytics. Somers, NY. 2015. Available online: https://www.ibm.com/thought-leadership/institute-business-value/report/innovateanalytics# (accessed on 7 October 2022).

	



Dantas, T.E.; De-Souza, E.D.; Destro, I.R.; Hammes, G.; Rodriguez, C.M.T.; Soares, S.R. How the combination of Circular Economy and Industry 4.0 can contribute towards achieving the Sustainable Development Goals. Sustain. Prod. Consum. 2021, 26, 213–227. [Google Scholar] [CrossRef]

	



Hadidi, L.A.; Ghaithan, A.; Mohammed, A.; Al-Ofi, K. Deploying municipal solid waste management 3R-WTE framework in Saudi Arabia: Challenges and future. Sustainability 2020, 12, 5711. [Google Scholar] [CrossRef]

	



Al Saud, N.; Al Shalan, M. The Circular Carbon Economy: A Global Blueprint for Carbon Circularity & the Deployment of a Saudi Circular Carbon Economy Program; Aeon Collective: Riyadh, Saudi Arabia, 2020. [Google Scholar]

	



Sanguino, R.; Barroso, A.; Fernández-Rodríguez, S.; Sánchez-Hernández, M.I. Current trends in economy, sustainable development, and energy: A circular economy view. Environ. Sci. Pollut. Res. 2020, 27, 1–7. [Google Scholar] [CrossRef]

	



Esposito, M.; Tse, T.; Soufani, K. Is the circular economy a new fast-expanding market? Thunderbird Int. Bus. Rev. 2017, 59, 9–14. [Google Scholar] [CrossRef]

	



Popkova, E.G.; Sergi, B.S. Energy efficiency in leading emerging and developed countries. Energy 2021, 221, 119730. [Google Scholar] [CrossRef]

	



Gallagher, J.; Basu, B.; Browne, M.; Kenna, A.; McCormack, S.; Pilla, F.; Styles, D. Adapting stand-alone renewable energy technologies for the circular economy through eco-design and recycling. J. Ind. Ecol. 2019, 23, 133–140. [Google Scholar] [CrossRef]

	



Ghose, J.; Kapur, S. Policies and Practices to Enable Business Models for Resource Efficiency and a Circular Economy; Policy Area: Climate Change and Environment; G20 Summit Japan: Osaka, Japan, 2019. [Google Scholar]

	



Fan, Y.; Fang, C. Circular economy development in China-current situation, evaluation and policy implications. Environ. Impact Assess. Rev. 2020, 84, 106441. [Google Scholar] [CrossRef]

	



Wang, H.; Schandl, H.; Wang, X.; Ma, F.; Yue, Q.; Wang, G.; Wang, Y.; Wei, Y.; Zhang, Z.; Zheng, R. Measuring progress of China’s circular economy. Resour. Conserv. Recycl. 2020, 163, 105070. [Google Scholar] [CrossRef]

	



Pesce, M.; Tamai, I.; Guo, D.; Critto, A.; Brombal, D.; Wang, X.; Cheng, H.; Marcomini, A. Circular economy in China: Translating principles into practice. Sustainability 2020, 12, 832. [Google Scholar] [CrossRef]

	



European Commission. Circular Economy Action Plan for a Cleaner and More Competitive Europe; European Commission: Brussels, Belgium, 2020. [Google Scholar]

	



Al-Alawi, B.; Cavallari, G.; Cindric, H.; Gargallo, M.; Hegazy, N.; Saqib, S.; Shaka, H.; Tibi, G. State of Play for Circular Built Environment in Gulf Cooperation Council (GCC) countries. In A Report Compiling the Regional State of Play for Circularity in the Built Environment in Gulf Cooperation Council Countries across Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates; Arup: London, UK, 2021. [Google Scholar]

	



Fattouh, B.; Sen, A. Economic diversification in Arab oil-exporting countries in the context of peak oil and the energy transition. In When Can Oil Economies Be Deemed Sustainable? Palgrave Macmillan: Singapore, 2021; pp. 73–97. [Google Scholar]

	



Delbeke, J.; Lamas, R. Exploring Carbon Market Instruments for the Kingdom of Saudi Arabia (KSA); European University Institute: Fiesole, Italy, 2021. [Google Scholar]

	



Ramady, M. Unfinished Business, Challenges Ahead and Conclusion. In Financial Regulation and Liberation; Springer: Cham, Switzerland, 2021; pp. 59–83. [Google Scholar]

	



Sarwar, S.; Streimikiene, D.; Waheed, R.; Dignah, A.; Mikalauskiene, A. Does the Vision 2030 and Value Added Tax Leads to Sustainable Economic Growth: The Case of Saudi Arabia? Sustainability 2021, 13, 11090. [Google Scholar] [CrossRef]

	



Thompson, M.C.; Quilliam, N. (Eds.) Governance and Domestic Policymaking in Saudi Arabia: Transforming Society, Economics, Politics and Culture; Bloomsbury Publishing: London, UK, 2022. [Google Scholar]

	



Filimban, A.A.; Al-Faraj, F.A.M.; Oti, A.H. Towards Sustainable Management of E-Waste in the Kingdom of Saudi Arabia: A Comparative Study of Three International Models. J. Biosci. Appl. Res. 2019, 5, 325–339. [Google Scholar] [CrossRef]

	



Samargandi, N. Oil exploration, biocapacity, and ecological footprint in Saudi Arabia. Environ. Sci. Pollut. Res. 2021, 28, 54621–54629. [Google Scholar] [CrossRef]

	



Luomi, M. Gulf States’ Climate Change Policies Amid a Global Pandemic; Issue Paper; AGSIW: Washington, DC, USA, 2020. [Google Scholar]

	



Panchal, R.; Singh, A.; Diwan, H. Does circular economy performance lead to sustainable development?—A systematic literature review. J. Environ. Manag. 2021, 293, 112811. [Google Scholar] [CrossRef]

	



BP. BP Energy Charting Tool. 2022. Available online: https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/energy-charting-tool-desktop.html (accessed on 7 October 2022).

	



European Commission. EDGAR—Emissions Database for Global Atmospheric Research. 2021. Available online: https://edgar.jrc.ec.europa.eu/country_profile/SAU (accessed on 7 October 2022).

	



Friedlingstein, P.; Jones, M.W.; O’Sullivan, M.; Andrew, R.M.; Bakker, D.C.; Hauck, J.; Le Quéré, C.; Peters, G.P.; Peters, W.; Pongratz, J.; et al. Global carbon budget 2021. Earth Syst. Sci. Data 2022, 14, 1917–2005. [Google Scholar] [CrossRef]

	



International Energy Agency (IEA). Saudi Arabia—Country Profile. 2022. Available online: https://www.iea.org/countries/saudi-arabia (accessed on 7 October 2022).

	



World Resources Institute (WRI). Climat watch (CAIT): Country Greenhouse Gas Emissions Data. 2022. Available online: https://www.wri.org/data/climate-watch-cait-country-greenhouse-gas-emissions-data (accessed on 7 October 2022).

	



Kaya, Y. Impact of Carbon Dioxide Emission Control on GNP Growth: Interpretation of Proposed Scenarios; Intergovernmental Panel on Climate Change/Response Strategies Working Group, May; IPCC: Geneva, Switzerland, 1989. [Google Scholar]

	



Bolt, J.; van Zanden, J.L. Maddison Project Database, Version 2020. Maddison Style Estimates of the Evolution of the World Economy. A New 2020 Update; University of Groningen: Groningen, The Netherlands, 2020. [Google Scholar]

	



United Nations (UN). United Nations Population Division Databases. 2022. Available online: https://www.un.org/en/development/desa/population/publications/database/index.asp (accessed on 7 October 2022).

	



Krane, J. Energy Governance in Saudi Arabia: An Assessment of the Kingdom’s Resources, Policies, and Climate Approach; Rice University: Houston, TX, USA, 2019. [Google Scholar]

	



G20 Research Group. T20 Statement on the Circular Carbon Economy. University of Toronto Library. 2020. Available online: http://www.g20.utoronto.ca/t20/2020-CCE_Statement.pdf (accessed on 7 October 2022).

	



Howarth, N.; Lanza, A.; Alshehri, T.; Braun, J.F. Saudi Arabia’s CO2 emissions steady in 2019 ahead of expected 2020 fall due to COVID-19. In KS—2020-II21; KAPSARC: Riyadh, Saudi Arabia, 2020. [Google Scholar]

	



Santos, R.; Sgouridis, S.; Alhajaj, A. Potential of CO2-enhanced oil recovery coupled with carbon capture and storage in mitigating greenhouse gas emissions in the UAE. Int. J. Greenh. Gas Control. 2021, 111, 103485. [Google Scholar] [CrossRef]

	



Oxford Analytica. Saudi Arabia Will Implement a Dual Climate Policy. Emerald Expert Brief. 2021. Available online: https://dailybrief.oxan.com/Analysis/DB265441/Saudi-Arabia-will-implement-a-dual-climate-policy (accessed on 7 October 2022).

	



Howarth, N.; Lanza, A.; Al Shehri, T. What is Behind the Recent Fall in Saudi Arabia’s CO2 Emissions; KAPSARC: Riyadh, Saudi Arabia, 2019. [Google Scholar]

	



Kumar, V.; Sezersan, I.; Garza-Reyes, J.A.; Gonzalez, E.D.; Moh’d Anwer, A.S. Circular economy in the manufacturing sector: Benefits, opportunities and barriers. Manag. Decis. 2019, 57, 1067–1086. [Google Scholar] [CrossRef]

	



Khan, S.A.R.; Ponce, P.; Thomas, G.; Yu, Z.; Al-Ahmadi, M.S.; Tanveer, M. Digital technologies, circular economy practices and environmental policies in the era of COVID-19. Sustainability 2021, 13, 12790. [Google Scholar] [CrossRef]








[image: Sustainability 15 02616 g001 550] 





Figure 1. Schematic representation of the methodological steps taken in the course of this study. 
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Figure 2. A schematic comparison of the linear economy model versus the circular carbon economy model. Sources: authors, based on [76]. 
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Figure 3. Saudi Arabia’s historical timeline of CO2 emissions by sector. Sources: authors, based on [71]. 
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Figure 4. Saudi Arabia’s annual CO2 emissions trends from 1990 to 2020. Sources: authors, based on [67,68,69,70]. 
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Figure 5. Year-on-year deltas of total CO2 emissions (in a million tons) for the Middle East (including Saudi Arabia). Sources: authors, based on [67]. 
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Figure 6. Year-on-year percentage change for Saudi Arabia’s CO2 emissions drivers comprising the Kaya Identity. Sources: authors, based on [30,67,69]. 
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