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Abstract
This paper examines the static and dynamic interconnections between renewable energy tokens and BRICS stock markets, emphasizing their diversification potential, risk reduction, and investment prospects. Employing a Time-Varying Parameter Vector Auto regression (TVP-VAR) model, we analyze spillover effects, whilst the Dynamic Conditional Correlation Generalized Autoregressive Conditional Heteroskedasticity (DCC-GARCH) model examines diversification opportunities. Research indicates a strong correlation between renewable energy tokens and BRICS stocks, with intensified connections during the COVID-19 epidemic. Renewable energy tokens functioned as net beneficiaries of return spillovers, whilst BRICS stock markets served as net transmitters. Our findings indicate that renewable energy tokens provide substantial portfolio diversification advantages, especially during periods of increased uncertainty, reducing risks and offsetting volatility. These findings are essential for policymakers, portfolio managers, and investors seeking to improve portfolio resilience and advance sustainable financing. The results highlight the promise of renewable energy tokens as a strategic asset for attaining sustainability and financial stability.
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1. Introduction
The convergence of environmental advocacy, renewable energy, and financial markets highlights a pivotal period in global sustainability initiatives. Environmental activism has been a crucial factor in promoting sustainable policies and facilitating the shift to renewable energy sources, including solar, wind, and hydroelectric power. This movement is closely aligned with the United Nations’ Sustainable Development Goals (SDGs), specifically SDG 7: Affordable and Clean Energy, by advocating for sustainable energy solutions that diminish dependence on fossil fuels, and SDG 13: Climate Action, by endorsing initiatives that reduce carbon emissions and address climate change. Activists shape public perceptions and actions, ultimately compelling governments and companies to implement ecologically sustainable policies. These initiatives have expedited the implementation of renewable energy technology and reinforced international pledges to attain a low-carbon future (Hu et al., 2021).
Investments in renewable energy have surged due to environmental activism, transforming financial markets. The emergence of sustainable investment signifies a paradigm shift in which financial choices increasingly include social and environmental factors. Investors now pursue possibilities that correspond with their principles, emphasizing sustainable energy initiatives and socially responsible enterprises rather than conventional investments in fossil resources. This has increased sustainable and impact investments, promoting a culture of responsibility within firms. Corporations are encouraged to use sustainable practices to attract investment from environmentally aware investors. Renewable energy investments are acknowledged for their robustness, providing sustained financial returns despite economic volatility (Tong et al., 2020). The reliability of sustainable energy projects has rendered them essential to many investment portfolios, attracting both financial and ethical considerations (Sovacool et al., 2020).
Socially responsible investment (SRI) has intensified the emphasis on renewable energy. Amidst the concurrent difficulties of climate change and environmental deterioration, renewable energy assets have become an attractive option for investors focusing on socially responsible investing (SRI). These investments adhere to ethical and environmental criteria while exhibiting robust financial performance, providing both moral fulfillment and competitive returns. The notion of socially responsible diversification is becoming significant, allowing investors to equilibrate their portfolios in manners that emphasize sustainability while maintaining profitability (Bilan et al., 2019). SRI-driven initiatives highlight the extensive effects of investment choices, urging stakeholders to contemplate the enduring ecological and social ramifications of their financial activities (Zheng, 2023).
The alteration in investment patterns is seen in the relative market performance of renewable and fossil fuel assets (Kamran & Turzyński, 2024). Investments in renewable energy recently reached a record market capitalization of $1,740 billion, but investments in fossil fuels declined to a historic low of $1,050 billion. The data demonstrates an increasing inclination towards clean energy, motivated by economic feasibility and ecological need. Businesses are recognizing the economic promise of green energy technology and are swiftly modifying their strategy to leverage this momentum. Financial institutions are modifying their investment structures to facilitate the expansion of renewable energy projects, so expediting the transition to a sustainable economy.
Innovative technologies are pivotal in the renewable energy surge, providing novel answers to issues in sustainable energy utilization and funding. A significant advancement is the use of block chain technology in the energy industry. Block chain has facilitated the development of decentralized and transparent financial instruments that allow energy transactions, such as energy tokens. These digital currencies, supported by public block chains, enable users to sell energy securely and efficiently. Integrating cryptocurrencies and block chain systems has made the renewable energy sector more accessible, scalable, and inclusive. These developments highlight the significance of innovation in improving the viability and attractiveness of renewable energy investments, connecting technical progress with sustainable behaviors (Smith et al., 2020).
The amalgamation of environmental advocacy, renewable energy, and sustainable investment signifies a formidable initiative towards a more sustainable future. Activists' endeavors to alter public perception, impact corporate practices, and promote regulatory reforms have initiated a worldwide transition to sustainable energy. The financial markets' adoption of SRI and green investments has established a strong basis for enduring environmental and economic resilience. Innovations like block chain augment the efficiency and inclusiveness of renewable energy sources, securing their sustainability in a swiftly changing energy environment. Collectively, these components underscore the interrelation between activism, technology, and money in realizing sustainable development objectives. This collaboration not only tackles urgent environmental issues but also promotes a more just and sustainable global economy, facilitating a greener, more resilient future.
The emergence of renewable energy tokens, propelled by innovations in block chain technology, has signified a substantial transformation in the energy and finance industries (Bagheri et al., 2018). The tokens, such as GRID, We Power-WPR, and Sun Contract-SNC, provide a decentralized and transparent method for energy trading, radically transforming the conventional dynamics of the energy market. Block chain-based energy tokens facilitate the transformation of fiat energy transactions into digital money, minimizing middlemen and transaction expenses. Initiatives such as We Power and Power Ledger are leading the development of consumer-centric solutions designed to reduce transaction costs and promote a more decentralized energy framework. These technologies are boosting efficiency and encouraging sustainable resource management by facilitating more direct and transparent energy transactions.
 
The ramifications of renewable energy tokens beyond energy markets, revolutionizing the investing arena via the introduction of innovative digital financial instruments. These tokens are transforming conventional investing techniques by providing an alternative that directly connects digital assets with green energy. The absence of actual data about their risk-return processes poses difficulties for market actors and investors. Comprehending the correlation between renewable energy tokens and their foundational assets is essential for formulating appropriate risk management methods and maintaining the stability of these novel financial instruments. Renewable energy tokens (RETs) provide distinctive investment prospects by associating eco-friendly initiatives with block chain technology, prompting inquiries over their risk, return, and compatibility with conventional assets. The current research on renewable energy stocks and equity markets offers insights into energy investment dynamics but fails to include the unique characteristics of block chain-based energy tokens. Examining the interaction of these tokens with conventional assets is crucial for developing a thorough understanding of their function within the wider economic framework. This study is urgently required in quickly rising economies such as the BRICS countries, which are experiencing substantial energy changes. These economies provide an optimal environment for analyzing the scalability and influence of renewable energy tokens, due to their varied legislative frameworks and economic situations.
Analyzing the static and dynamic relationships of renewable energy tokens, traditional assets, and equities may uncover integration patterns, providing valuable insights for the diversification of portfolios and sustainable investing strategies in international markets. This investigation is essential for improving sustainable energy practices, promoting economic development, and tackling the issues associated with the shift to digital and decentralized energy markets.
The convergence of cryptocurrency markets and renewable energy tokens has elicited considerable academic attention owing to the prospects for diversification, hedging, and risk management measures in both domains. The literature on this topic may be categorized into two primary schools of thought, each emphasizing distinct aspects of the interplay between renewable energy markets, conventional energy markets, and cryptocurrencies. The first school of thought examines the relationships between renewable energy and fossil fuel markets, focusing on the reciprocal advantages of their cooperation. This analysis indicates that these markets provide several chances for hedging and portfolio diversification because of their similar risk-return characteristics. The increasing use of green energy, driven by climate issues and the desire for clean energy, has transformed its interaction with fossil fuel markets. Researchers investigate pricing interconnections, competitive dynamics, and policy effects, emphasizing the potential of renewables to challenge fossil fuel supremacy and promote sustainability. Researchers include (Zaman et al., 2017) and (Nazirul Islam Sarker et al., 2018) have examined the determinants of volatility and returns in various markets, elucidating the intricate linkages across different energy sectors. Renewable energy assets, including equities of solar, wind, and clean technology firms, are often seen as advantageous components of investment portfolios, offering diversification advantages during market volatility. The fluctuations in fossil fuel markets, especially oil, have traditionally been influenced by geopolitical threats, supply-demand discrepancies, and economic cycles. This volatility has led several investors to seek refuge in renewable energy markets as a hedge, especially during times of significant oil price swings. (Tu et al., 2022) assert that renewable energy equities may provide a refuge during periods of increased market volatility since they often exhibit distinct behavior compared to traditional energy stocks. These findings indicate that renewable energy markets may exhibit less susceptibility to the severe volatility typical of conventional energy markets, hence offering portfolio managers alternatives for hedging and risk reduction.
The second body of study investigates the impact of cryptocurrency markets on the energy environment, especially concerning conventional energy markets. Cryptocurrencies such as Bitcoin and Ethereum have emerged as significant alternative assets that may function as hedges or instruments for diversification in comprehensive investment portfolios. Researchers in this field have concentrated on comprehending the influence of cryptocurrencies on conventional energy markets, especially those that are mostly dependent on fossil fuels. (Sardianou & Kostakis, 2020) assert that the emergence of cryptocurrencies has altered the dynamics of conventional energy markets, affecting volatility and risk exposure. The increasing impact of cryptocurrencies is especially significant about the shift towards renewable energy sources. The rise of environmental activism and worldwide legislative initiatives advocating for cleaner energy has led to an increased demand for renewable energy, resulting in new market possibilities. The volatility of cryptocurrency markets may impact the stability of energy markets. Cryptocurrencies exhibit significant volatility and face governmental oversight, resulting in market sentiment shifts that may impact conventional energy industries. This intricacy underscores the need for investors to meticulously evaluate the possible effects of cryptocurrencies while assembling their portfolios. Cryptocurrencies provide diversification advantages; yet, their disconnection from conventional energy markets poses both possibilities and problems for investors aiming to optimize risk and return.
Certain experts have investigated the relationships between cryptocurrency markets and renewable energy equities, especially their diversification potential. (Shirwani et al., 2020) examine the correlation between fossil fuel and renewable energy stock prices, emphasizing the influence of environmental activism and climate change knowledge on investor behavior. (Wang et al., 2014) reinforce the notion that renewable energy markets are becoming progressively appealing to investors seeking to diversify their portfolios, especially amid the rising interest in sustainability and climate-aware investment. Nonetheless, there are contradictory results about the capacity of these markets to function as effective hedges. (Nakhli et al., 2022) have shown that the link between renewable energy equities and conventional energy stocks is not consistently linear, with some research indicating asymmetrical or non-linear relationships. These results align with the study conducted by (Li et al., 2021), which posits that renewable energy equities may be interchangeable with traditional energy sources, particularly during times of market volatility. The disparate findings across research emphasize the intricacy of the interaction between renewable energy and conventional energy markets, highlighting the need for further refined assessments.
The use of cryptocurrencies in hedging and diversifying energy sector portfolios has garnered considerable interest from investors and governments alike. The rapid ascent of cryptocurrencies has prompted inquiries on their capacity to mitigate risk and improve portfolio performance, especially within the energy sector. Researchers like (Taghizadeh-Hesary & Yoshino, 2020) have investigated the potential of cryptocurrencies to provide diversification in energy-centric investing strategies. These findings indicate that cryptocurrencies may function as a safeguard against the fluctuations of conventional energy markets, due to their very low connection with oil and petrol prices. (Anton & Afloarei Nucu, 2020) contends that cryptocurrencies, including Bitcoin, provide significant insights for portfolio creation, especially for investors aiming to diversify their assets in light of changes in global energy consumption and the trend toward renewable energy sources.
The correlation between cryptocurrencies and renewable energy tokens has garnered heightened interest as a potential domain for future investigation. The study by (Saliba et al., 2022) investigates the relationships between Bitcoin and other cryptocurrencies, indicating that while the correlations with specific financial factors are limited, they still influence investing strategies. (Yang et al., 2021) examine the use of cryptocurrencies in the diversification of energy markets, concluding that energy equities including cryptocurrencies provide significant benefits for portfolio managers. The research conducted by (Amigo-Jorquera et al., 2019) highlights Bitcoin's function as a short-term hedge and its propensity to convey profits and volatility from global financial markets to energy markets. These results indicate the increasing significance of cryptocurrencies in influencing future investments in the energy industry, while the precise nature of these linkages is intricate and contextually reliant.
The convergence of cryptocurrencies and renewable energy markets offers substantial prospects for hedging, diversification, and risk management. Although extensive evidence indicates that renewable energy equities provide refuge and diversification advantages during market volatility, the emergence of cryptocurrency adds novel dynamics to conventional energy markets. Notwithstanding the difficulties and discrepancies in the data, there is an increasing agreement that both renewable energy and cryptocurrency will be pivotal in influencing future investing strategies. As the global energy environment evolves, further empirical research is essential to comprehend the consequences of these patterns for portfolio management and risk reduction.
The convergence of renewable energy-supported cryptocurrencies and conventional financial markets has attracted considerable interest in the literature, particularly after the COVID-19 pandemic. The COVID-19 epidemic, with its extensive economic ramifications, necessitated a reassessment of financial market dynamics, particularly the correlation between cryptocurrencies and other asset classes. With the evolving financial environment, there is a growing interest in cryptocurrencies supported by renewable energy, which may provide diversification, risk management, and hedging prospects. (Berner et al., 2022) performed research examining the risk and return dynamics between renewable energy-backed cryptocurrencies and fossil fuel-backed cryptocurrencies during the COVID-19 pandemic. Their analysis indicated that cryptocurrencies supported by renewable energy provide superior hedging chances relative to fossil fuel-based assets during crises. This discovery is noteworthy as it offers a novel viewpoint on the function of renewable energy within the cryptocurrency domain, illustrating that green cryptocurrencies, especially those linked to renewable energy sources, possess the capacity to mitigate market risks commonly impacting conventional financial assets. This study corresponds with the increasing literature supporting renewable energy cryptocurrency as alternative assets that provide diversification and risk mitigation, particularly during periods of volatility in conventional markets, such as those seen during the epidemic.
(Ashfaq et al., 2024) further substantiated this notion by using Quantile-VAR (Q-VAR) estimations to analyze the correlation between the cryptocurrency market and energy markets during the pandemic. Their research identified both static and dynamic correlations between the two markets, emphasizing the evolution of market behavior over time. (Kruyt et al., 2009) found no indication of volatility spillover between cryptocurrency and conventional energy markets during the epidemic. Nonetheless, their analysis revealed that Bitcoin, specifically, persists in transmitting return spillovers, serving as a crucial indicator and transmitter of market information. This discovery is essential as it highlights Bitcoin's significance as a leading cryptocurrency in conveying market mood and information, especially against uncertainties such as COVID-19. Although direct volatility spillovers are absent, Bitcoin's function in return transmission indicates that it maintains its status as a preeminent financial asset in the cryptocurrency market. This study highlights the extensive market ramifications of cryptocurrencies, indicating that they are not standalone assets but are more integrated with regular financial markets, illustrating the growing convergence between these two domains. The results of (Ahmad et al., 2018) indicate that uncertainty significantly affects return and volatility behavior, emphasizing how periods of uncertainty, such as the COVID-19 crisis, influence investor behavior and market dynamics.
(Backlund & Thollander, 2015) examine the correlation between cryptocurrency and gold, both regarded as safe-haven assets, by analyzing their return and volatility dynamics. They assert that uncertainty, like that in cryptocurrency markets, profoundly affects both return and volatility dynamics in the gold market. Their study offers significant insights into market players' reactions to exogenous shocks, such as pandemics or economic crises, and the variability of perceived asset safety in response. This relationship is especially significant when evaluating the potential for renewable energy tokens to exhibit performance akin to conventional safe-haven commodities like gold, particularly during periods of market volatility. The research indicates that the architecture of cryptocurrency markets and their association with conventional safe assets necessitates additional scrutiny, especially to comprehend the function of renewable energy-backed cryptocurrencies in offering stability and security in investment portfolios during periods of uncertainty.
The emergence of energy tokens, especially cryptocurrencies supported by renewable energy, signifies a significant transformation in the digital asset domain. According to (Ye et al., 2022), these energy tokens are increasingly seen as offering diversification potential for investors. They provide an alternative to conventional asset classes, including equities, fixed-income securities, and precious metals, while introducing a novel aspect to the risk-reward framework that investors generally depend upon. Renewable energy tokens, in contrast to conventional cryptocurrencies, are linked to the energy industry, particularly renewable sources such as wind, solar, and hydroelectric power, therefore enhancing their attractiveness amid the worldwide movement towards sustainability and green finance. These tokens provide a unique chance to mitigate conventional market risks, especially when investors pursue assets that exhibit a lower correlation with larger financial markets. Consequently, renewable energy tokens may function as effective instruments for portfolio diversification, assisting investors in risk management and navigating financial turbulence. Nevertheless, despite the encouraging prospects of these energy tokens, there is an absence of thorough research that adequately delineates the relationships between renewable energy-backed cryptocurrencies and conventional financial markets. (Cai et al., 2019) assert that digital assets, such as renewable energy tokens, remain mostly impervious to regulatory frameworks, particularly during periods of market instability. The absence of regulation, albeit advantageous in certain aspects, results in the unpredictable behavior of renewable energy tokens, complicating the comprehension of their risk-return dynamics relative to conventional assets. Consequently, investors may find it challenging to evaluate the whole potential of these assets and their function in ensuring stability within diverse portfolios.
Numerous studies have examined the relationship between cryptocurrency markets and traditional energy markets, especially those including renewable energy-backed cryptocurrencies. (Bartela et al., 2022) used the optimum copula approach to examine the relationship between renewable energy and cryptocurrency, suggesting that both sectors provide significant diversification advantages. Their study emphasizes that, despite the intrinsic volatility of cryptocurrencies, renewable energy tokens provide a diversification option, crucial for investors aiming to mitigate risks associated with the cryptocurrency and energy markets. (Danish et al., 2017) contend that clean energy indexes are essential for mitigating the high volatility of cryptocurrencies, especially as these assets become more interconnected with regular financial markets. Their research highlights the need for investors to evaluate the safe-haven attributes of renewable energy-backed cryptocurrencies in the formation of diverse portfolios.
Notwithstanding the increasing interest in renewable energy tokens, a substantial vacuum persists in the literature about their comprehensive influence on conventional financial markets. Although several research, such as those by (Schützenhofer, 2021), have sought to correlate renewable energy tokens with financial markets, advancements have been sluggish. Cryptographic tokens substantially influence conventional financial markets by modifying risk-return dynamics. Regulators and investors seek to comprehend the effects of volatility, diversification, and market performance, indicative of increasing financial innovation (Alkathery et al., 2022). Due to the growing interest in cryptocurrencies and renewable energy tokens, further study is essential to investigate how these emergent assets might enhance market diversification and risk management techniques. Examining the correlation between renewable energy tokens (RETs) and traditional financial assets in BRICS nations is essential as these countries pursue sustainable investment options, reconciling economic development with environmental objectives and diversity. Utilizing methodologies like the TVP-VAR (Time-Varying Parameter Vector Auto Regression), as demonstrated by (Xiao et al., 2022), researchers can acquire significant insights into the dynamic relationships between renewable energy-backed cryptocurrencies and stock markets, thereby enhancing the understanding of their function in global financial markets.
The convergence of financial technology (Fintech) and conventional financial markets is seeing a significant transition, mostly propelled by the emergence of digital assets. As financial markets become more linked, the significance of digital assets, including cryptocurrencies and renewable energy tokens, is markedly expanding. These advancements provide distinctive prospects for investment and cooperation internationally, especially in growing economies such as the BRICS countries (Brazil, India Russia, South Africa and China). The growing significance of these digital assets has transformed the financial landscape, necessitating that both investors and governments comprehend the emerging dynamics to maintain competitiveness in a swiftly changing financial climate. Research by (Kim et al., 2017) indicates that the increasing interconnection of financial markets in these nations has coincided with the escalating value of digital assets. This facilitates new avenues for cooperation among BRICS members, enabling them to investigate cross-border investments in innovative asset classes, such as digital assets like energy tokens. This partnership might stimulate more economic development and investment in the area, offering a crucial chance for these countries to synchronize their financial markets with global trends. 
The stock market's pivotal position in investing strategies has always been a primary focus for financial scholars, especially in the context of developing economies. The BRICS nations, due to their substantial economies and increasing importance, have garnered significant attention from researchers examining stock market volatility, investment diversification, and risk-return dynamics. Prior research, such as that of (J. Liu et al., 2022), has highlighted the enduring interconnections among the stock markets of BRICS countries. The links indicate that, despite the unique economic traits and market behaviors of each BRICS country, their financial markets are interconnected, and a shift in one market may impact the others. Interconnected markets alter risk-return profiles, presenting issues such as heightened correlations while providing opportunities for global diversification and themed ESG investments. Diversifying investment portfolios across the BRICS stock markets may provide investors with a strategy to mitigate risk and perhaps enhance profits. 
Nevertheless, the emergence of digital assets, like renewable energy tokens, has introduced a new degree of complication. These digital assets, often constructed on block chain technology, provide investors the chance to diversify their portfolios beyond conventional stocks, bonds, and commodities. (Siddiqui & Dincer, 2021) emphasize that renewable energy tokens, symbolizing investments in sustainable energy initiatives, are gaining popularity among socially conscious investors. These tokens provide access to the expanding green energy industry while enabling the mitigation of risks associated with conventional financial markets. The principle of risk dispersion indicates that including digital assets in an investing portfolio may mitigate risks, possibly resulting in a more balanced and robust portfolio. As financial markets become more linked, the significance of digital assets such as renewable energy tokens in risk management and return optimization intensifies. Portfolio theory posits that including assets with low or negative correlations to conventional financial assets enables investors to mitigate the overall risk of their portfolios. This notion has considerable ramifications for the future of investment in BRICS nations, characterized by frequent market volatility. 
Although digital assets have the potential for improving portfolio performance, their volatility continues to be a significant issue for investors. This is especially apparent during times of market volatility, such as the COVID-19 epidemic. The pandemic, which resulted in extensive economic upheaval, prompted substantial changes in the behavior of financial markets. The analysis by (X. Zhang et al., 2024) revealed that the correlation between the stock markets of BRICS states and energy tokens intensified during the COVID-19 epidemic. The significant rise in connection indicates that energy tokens, hitherto seen as volatile assets, may be progressively assimilated into the wider financial ecosystem. During periods of market volatility, digital assets such as renewable energy tokens may operate as a channel for risk transmission, with conventional markets absorbing the effects of these disruptions. The research revealed that during the COVID-19 crisis, the link between BRICS stock markets and energy tokens significantly intensified, with risk spillovers reaching unprecedented magnitudes. This dynamic underscores the increasing significance of comprehending the linkages between digital assets and conventional financial markets, especially during times of economic instability.
The heightened interconnection between BRICS stock markets and renewable energy tokens during the epidemic highlights the significance of dynamic connectivity in financial systems. The research indicated that dynamic connection was comparatively low before and during the COVID-19 crisis, however, it surged throughout the pandemic. This research indicates that the market circumstances during this era intensified the correlation between these two asset classes, presenting a favorable opportunity for investors to reevaluate their portfolio plans. In periods of market volatility, understanding the interplay between digital assets and conventional financial markets may assist investors in making better-informed choices and managing risk more efficiently. This underscores the need for ongoing surveillance of market movements since the interrelation of asset classes is dynamic and influenced by economic circumstances and worldwide occurrences. 
A key finding from the study is that energy tokens may serve a significant function in mitigating portfolio risks. The research indicated that energy tokens have a comparatively low hedge ratio, suggesting their potential as a cost-efficient instrument for risk mitigation within a portfolio. This discovery is crucial for investors seeking to diversify their portfolios by integrating digital assets such as energy tokens. Considering the volatility of financial markets, especially in rising economies such as the BRICS countries, the capacity to hedge risks using cost-effective digital assets may provide a competitive edge. The use of energy tokens in portfolio management corresponds with the increasing trend of socially responsible investing, whereby investors want to harmonize their financial objectives with their environmental and social principles. Investing in renewable energy tokens enables investors to facilitate the shift towards greener energy sources while pursuing financial gains.
As the digital asset market progresses, regulatory frameworks will gain paramount significance. The report underscores the need for policymakers to contemplate the ramifications of digital asset expansion and the regulation of these markets to guarantee their stability and security. The rapid expansion of energy tokens and other cryptocurrencies has raised apprehensions over market manipulation, fraud, and volatility. To ensure the safe and secure expansion of these markets, governments, and financial authorities must formulate and enforce suitable regulatory measures. These frameworks must seek to safeguard investors, promote market transparency, and alleviate systemic risks, especially during economic crises. A properly regulated digital asset market might enhance investor trust in including these assets in their portfolios, hence facilitating their integration into the wider financial system.
The study underscores the revolutionary impact of digital assets, especially renewable energy tokens, on the reconfiguration of financial markets. As these assets increasingly integrate into investment strategies, understanding their dynamics and interconnections with conventional financial markets is essential for making educated investment choices. The research provides significant insights into the capacity of energy tokens to diversify portfolios, mitigate risk, and improve returns, especially during times of market volatility. For digital asset markets to prosper, it is essential to establish regulatory frameworks that guarantee their stability and promote their development. Through ongoing research and meticulous policy evaluation, the BRICS countries may capitalize on these advancements to enhance their financial markets and foster sustainable economic growth.
2. Research methodology
2.1. Data and preliminary analysis
This study examines the daily returns of four energy tokens—Power ledger (POWR), Grid Plus (GRID), Sun Contract (SNC), and We Power (WPR)—and their correlation with the equity markets of Brazil (BOVESPA), China (Shanghai Composite), India (S&P BSE SENSEX), Russia (MOEX), and South Africa (JSE All Share) from February 22, 2018, to September 15, 2023. The research guarantees reliable information by getting data from Investing.com and CoinMarketCap. The dataset is segmented into pre-COVID-19 (February 22, 2018–December 31, 2019) and post-COVID-19 (January 1, 2020–September 15, 2023), enabling a comparative investigation of changes generated by the pandemic across both eras. Examining these tokens in the context of the global equities market reveals their performance, volatility, and possible association with conventional financial assets. This analysis demonstrates the response of energy tokens to market dynamics, especially during interruptions caused by the epidemic. The research enhances the comprehension of energy tokens as investment assets by examining price patterns, structural changes, and risk-return profiles within new and developing financial ecosystems.
[image: Fig. 1]
                                                                          Figure 1: Variable trends.
2.2. TVP-VAR method
The time-varying parameter vector autoregressive (TVP-VAR) model, developed by (J. Zhang & Khan, 2024), serves as an effective instrument for examining dynamic interrelationships among variables. In contrast to conventional approaches, the TVP-VAR model eliminates observation loss and does not need a predetermined window size, hence enhancing efficiency and flexibility. This approach has been extensively used in research to investigate asset dependency and financial spillovers (Grant et al., 2016). Its ability to record dynamic linkages makes it suitable for analyzing intricate, time-dependent systems across many settings. The fundamental TVP-VAR (1) model is delineated as follows:
                                                                                             (1)
                                                                              (2)
where , , and  represent an  dimensional vector, whereas  and  denote n×n dimensional matrices. and  are  vectors, whereas   is a  matrix. Furthermore,  and  represent the time-dependent variance-covariance matrix.
To assess the pairwise directional connectivity between variables  and , we calculate the generalized forecast error variance decomposition, or GFEVD, as recommended by (Chipangamate & Nwaila, 2024). This approach illustrates how variable  affects variable  in terms of the forecast variance share. The GFEVD is denoted as:
                                                                                                           (3)
Where  and  are the values. Based on recent investigations (López-Menéndez et al., 2014), we establish H = 10. Furthermore, the numerator represents the aggregate effect of the shock to variable i. The total connectedness index (TCI) is calculated using the aforementioned equation.
                                                                                   (4)
Equation (4) illustrates the overall connectivity. To do a more thorough examination of directional connectedness, we decompose the technique into three independent components: total directional connectivity TO, FROM, and NET.
Start with the following definition of the entire influence that variable  communicates TO all other variables :
                                                                                                         (5)
Secondly, concerning variable , the following is the definition of the total influence on variable :
                                                                                                        (6)
The last step is to determine the NET directional connectedness of variables  and  by using the following formula:
                                                                                                         (7)
This brings us to the last step, where we calculate the NPDC:
                                                                                                (8)
The bidirectional net pairwise connectivity is explained by Eq. (8). A negative value indicates that variable  has a greater influence than variable . Nevertheless, the variable  takes precedence over variable  if .
Utilizing the techniques of (H. Liu et al., 2020), we used a VAR (1) model, applying the AIC criteria to determine the appropriate lag order. We used a 20-step horizon to predict system dynamics. Furthermore, using a 100-day rolling window in conjunction with the TVP-VAR connectivity index, we examined the time-varying spillovers within the carbon-stock system, providing insights into dynamic interdependencies.
Subsequently, according to (Kumar & Agarwala, 2013), we calculate the static and dynamic optimum weights and hedging ratio between energy cryptocurrencies and stocks using the variance-covariance matrix derived from the TVP-VAR model. According to (Özkara & Atak, 2015), the best asset allocation for any potential combination of stock and energy coins within a portfolio may be ascertained as follows:
                                                                                                              (9)
                                                                                             (10)
When a portfolio has a total value of $1,  represents the percentage allocation to sector x (stock) at time t. The hedging ratio for each stock-cryptocurrency combination is calculated following the methodology of (Alshehry & Belloumi, 2015). It suggests hedging the risk of a long position in security x (stock) by taking a short position in security y (energy token):
                                                                                                                                 (11)
3. Results and discussion
3.1. Descriptive statistics
Table 1 delineates the risk-return attributes of BRICS markets and renewable energy tokens (GRID, POWR, SNC, and WPR) throughout three separate temporal intervals, providing insights into their performance under diverse situations. Throughout the entire sample period, all BRICS markets, except China, realized positive returns, exemplifying the "higher risk, higher return" notion often seen in conventional markets. Conversely, renewable energy tokens had negative returns along with substantial volatility, indicating a considerable risk profile. This pattern remained in the pre-COVID-19 era, where BRICS markets demonstrated positive returns with much-reduced volatility, in contrast to the constantly negative returns and huge oscillations of renewable energy tokens.  During the COVID-19 epidemic, a significant change occurred. All BRICS markets exhibited positive returns with less volatility, but renewable energy tokens, excluding WPR, had favorable average returns, indicating a unique risk-return profile during crises. These results highlight the potential for renewable energy tokens to exhibit distinct behavior compared to traditional financial markets during global instability. Notwithstanding their superior average return during COVID-19, renewable energy tokens were much riskier than the BRICS markets. This indicates that while renewable energy tokens are now higher-risk assets, they may function as alternative or supplementary investments during periods of economic instability.
Table 1. Summary of Descriptive Statistics.

	Panel A: Full sample (February 22, 2018, to September 15, 2023)

	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa

	Mean
	−0.145
	−0.145
	−0.193
	−0.574*
	0.033
	0
	0.06
	0.031
	0.025

	Variance
	254.062***
	74.088***
	70.522***
	138.708***
	3.313***
	1.411***
	1.714***
	4.133***
	1.787***

	Skewness
	−0.540***
	−0.268***
	0.764***
	0.097
	−1.084***
	−0.426***
	−1.356***
	−6.834***
	−0.401***

	Ex.Kurtosis
	14.884***
	12.554***
	12.632***
	6.818***
	17.001***
	4.889***
	18.740***
	144.304***
	8.730***

	JB
	10,661.406***
	7559.458***
	7751.779***
	2227.546***
	14,062.240***
	1179.095***
	17,164.964***
	1,005,876.401***
	3679.354***

	ERS
	−1.816*
	−2.469**
	−2.925***
	−12.995***
	−1.566
	−1.887*
	−8.984***
	−1.891*
	−2.254**

	Q(20)
	70.197***
	8.274
	39.404***
	58.589***
	45.591***
	14.811
	57.596***
	30.519***
	24.765***

	Q2(20)
	146.083***
	22.102***
	43.957***
	68.082***
	1152.458***
	34.823***
	625.845***
	55.406***
	990.217***

	

	Panel B: Pre COVID-19 (February 22, 2018 to December 31, 2019)

	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa

	Mean
	−0.75
	−0.796**
	−0.709
	−0.892**
	0.095
	−0.008
	0.053
	0.086
	0.008

	Variance
	291.695***
	51.161***
	79.823***
	69.972***
	2.034***
	1.667***
	0.838***
	1.042***
	1.029***

	Skewness
	−0.237*
	0.154
	1.707***
	0.016
	0.416***
	0.095
	0.218*
	−0.751***
	0.076

	Ex.Kurtosis
	2.021***
	1.459***
	13.470***
	1.267***
	3.929***
	3.511***
	4.756***
	13.152***
	1.010***

	JB
	68.438***
	35.312***
	3065.317***
	25.486***
	256.069***
	196.220***
	362.021***
	2781.895***
	16.552***

	ERS
	−1.115
	−1.46
	−1.877*
	−6.712***
	−0.82
	−1.293
	−5.744***
	−0.571
	−1.085

	Q(20)
	28.410***
	9.545
	12.982
	8.906
	11.549
	7.27
	15.617*
	18.266**
	6.661

	Q2(20)
	13.834
	24.993***
	2.411
	13.023
	4.681
	15.115
	12.662
	15.328
	17.822**

	

	Panel C: during COVID-19 (January 1, 2020, to September 15, 2023)

	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa

	Mean
	0.155
	0.178
	0.063
	−0.416
	0.003
	0.003
	0.064
	0.004
	0.033

	Variance
	235.476***
	85.228***
	65.807***
	172.868***
	3.949***
	1.285***
	2.149***
	5.667***
	2.165***

	Skewness
	−0.730***
	−0.403***
	0.160*
	0.081
	−1.301***
	−0.800***
	−1.476***
	−6.315***
	−0.472***

	Ex.Kurtosis
	24.384***
	13.855***
	12.139***
	6.114***
	17.086***
	5.820***
	17.121***
	113.751***
	8.531***

	JB
	19,095.093***
	6163.775***
	4718.655***
	1197.214***
	9558.583***
	1166.044***
	9658.395***
	419,157.734***
	2357.430***

	ERS
	−1.513
	−10.913***
	−13.847***
	−9.768***
	−5.641***
	−4.419***
	−9.303***
	−8.181***
	−11.715***

	Q(20)
	65.175***
	10.374
	40.673***
	58.851***
	50.669***
	16.710*
	56.116***
	21.234***
	26.654***

	Q2(20)
	116.203***
	13.087
	79.061***
	37.057***
	823.924***
	32.035***
	423.065***
	36.061***
	675.187***



3.2. Correlation matrix
The examination of Table 2 elucidates the correlations between renewable energy tokens (GRID, POWR, SNC, WPR) and BRICS stock markets. Though they only show weak connections with the BRICS stock markets, renewable energy tokens show somewhat favorable relationships with one another. The minimal correlation suggests their use as diversification instruments in investment portfolios. Furthermore, the results underscore the significance of regional disparities, since financial connections varied markedly within BRICS countries, shaped by distinct market dynamics. These findings provide essential information for policymakers and investors. Policymakers can enhance their comprehension of the interdependencies between digital and conventional financial markets, while investors may deliberately integrate renewable energy tokens to optimize risk management and diversification advantages.
Table 2. Kendall rank correlation coefficients.

	Panel A: Full sample (February 22, 2018, to September 15, 2023)

	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa

	GRID
	2.000***
	0.188***
	0.209***
	0.157***
	0.082***
	0.038**
	0.089***
	0.087***
	0.120***

	POWR
	0.188***
	2.000***
	0.350***
	0.266***
	0.084***
	0.093***
	0.070***
	0.095***
	0.118***

	SNC
	0.209***
	0.350***
	2.000***
	0.218***
	0.078***
	0.049**
	0.035
	0.055***
	0.048**

	WPR
	0.157***
	0.275***
	0.218***
	1.000***
	0.062***
	0.012
	0.029
	0.036
	0.034

	Brazil
	0.082***
	0.084***
	0.078***
	0.062***
	1.000***
	0.063***
	0.115***
	0.170***
	0.194***

	China
	0.038**
	0.093***
	0.049**
	0.012
	0.063***
	2.000***
	0.148***
	0.135***
	0.225***

	India
	0.089***
	0.070***
	0.035
	0.029
	0.115***
	0.148***
	1.000***
	0.180***
	0.269***

	Russia
	0.087***
	0.095***
	0.055***
	0.037
	0.160***
	0.145***
	0.190***
	2.000***
	0.308***

	South_Africa
	0.120***
	0.118***
	0.048**
	0.034
	0.194***
	0.225***
	0.269***
	0.308***
	2.000***

	

	Panel B: Pre COVID-19 (February 22, 2018 to December 31, 2019)


	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa

	GRID
	1.000***
	0.164***
	0.215***
	0.170***
	0.022
	0.055
	0.04
	0.048
	0.083**

	POWR
	0.164***
	1.000***
	0.407***
	0.464***
	0.045
	0.067
	0.013
	0.073**
	0.079**

	SNC
	0.215***
	0.407***
	1.000***
	0.325***
	0.007
	0.081**
	0.006
	0.042
	0.018

	WPR
	0.170***
	0.464***
	0.325***
	1.000***
	0.036
	0.034
	0.068**
	0.055
	0.03

	Brazil
	0.022
	0.045
	0.007
	0.036
	1.000***
	0.067**
	0.052
	0.215***
	0.173***

	China
	0.055
	0.067
	0.081**
	0.034
	0.067**
	1.000***
	0.126***
	0.142***
	0.248***

	India
	0.04
	0.013
	0.006
	0.068**
	0.052
	0.126***
	1.000***
	0.156***
	0.215***

	Russia
	0.048
	0.073**
	0.042
	0.055
	0.215***
	0.142***
	0.156***
	1.000***
	0.329***

	South_Africa
	0.083**
	0.079**
	0.018
	0.03
	0.173***
	0.248***
	0.215***
	0.329***
	1.000***

	

	Panel C: during COVID-19 (January 1, 2020, to September 15, 2023)


	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa

	GRID
	1.000***
	0.202***
	0.203***
	0.155***
	0.117***
	0.026
	0.113***
	0.110***
	0.123***

	POWR
	0.202***
	1.000***
	0.305***
	0.168***
	0.103***
	0.104***
	0.080***
	0.089***
	0.137***

	SNC
	0.203***
	0.305***
	1.000***
	0.167***
	0.119***
	0.028
	0.044
	0.060**
	0.064***

	WPR
	0.155***
	0.168***
	0.167***
	1.000***
	0.077***
	−0.003
	0.006
	0.033
	0.037

	Brazil
	0.117***
	0.103***
	0.119***
	0.077***
	1.000***
	0.059**
	0.145***
	0.153***
	0.203***

	China
	0.026
	0.104***
	0.028
	−0.003
	0.059**
	1.000***
	0.161***
	0.134***
	0.217***

	India
	0.113***
	0.080***
	0.044
	0.006
	0.145***
	0.161***
	1.000***
	0.189***
	0.290***

	Russia
	0.110***
	0.089***
	0.060**
	0.033
	0.153***
	0.134***
	0.189***
	1.000***
	0.300***

	South_Africa
	0.123***
	0.137***
	0.064***
	0.037
	0.203***
	0.217***
	0.290***
	0.300***
	1.000***



3.3. Static connectedness
The examination of stock market interrelations across BRICS stock markets and renewable energy tokens (GRID, POWR, SNC, and WPR) from February 22, 2018, to September 15, 2023, uncovers notable tendencies, particularly in the context of the pre-and post-COVID-19 eras. Overall, renewable energy tokens consistently functioned as recipients of return spillovers, while the BRICS stock markets served as transmitters. This dynamic illustrates the effect of BRICS markets on the returns of renewable energy tokens, suggesting that fluctuations in BRICS stock markets have a greater influence on the returns of green energy tokens than vice versa. Renewable energy tokens function as absorbers of market shocks, indicating significant implications for portfolio diversification and risk management. This attribute may provide investors with a chance to alleviate the effects of unforeseen market occurrences on their total portfolio. In periods of significant volatility, such as the COVID-19 epidemic, renewable energy tokens may provide a refuge due to their resilience against disturbances in other markets. The connection measures between the BRICS stock markets and renewable energy tokens showed a substantial rise during the COVID-19 pandemic, with the total connectedness index (TCI) escalating from 3.76% before the epidemic to 42.12% over the whole study period. This indicates a more robust correlation between the two asset groups as the epidemic progressed. During the interval from January 1, 2020, to September 15, 2023, which includes the height of the COVID-19 epidemic, the TCI reached 55.33%. The increasing interconnection indicates that during crises, like the COVID-19 epidemic, the markets for renewable energy tokens and the BRICS stock markets exhibit more interdependence, resulting in amplified spillover effects in both directions. This increasing interconnectedness may signify the overarching trend of global financial markets becoming more integrated due to technology advancements, investor behavior, and the worldwide character of economic crises. Alongside enhanced connection, the notion of "net spillover" elucidates the dynamics of these marketplaces. Net spillover denotes the disparity between spillovers entering and exiting a market. The BRICS markets consistently acted as transmitters of shocks, but renewable energy tokens served as receivers, indicating that renewable energy markets were more responsive to external disturbances. This implies that renewable energy tokens may have a stabilizing influence on investor portfolios, especially during crises, since they may mitigate shocks from the wider market. The heightened link between renewable energy tokens and BRICS markets during the epidemic highlights the need for investors to see green energy assets as a means of risk diversification. Policymakers and regulators may need to modify their plans to accommodate these changing market dynamics, assuring the integration of renewable energy tokens into comprehensive financial market stability measures.
Table 3. Connectivity of static returns.

	Panel A: Full sample (February 22, 2018, to September 15, 2023)

	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa
	FROM

	GRID
	64.21
	7.39
	7.45
	4.7
	2.69
	2
	5
	2.32
	4.25
	35.79

	POWR
	6.36
	51.05
	14.06
	13.06
	2.83
	1.87
	4.24
	3.04
	3.49
	48.95

	SNC
	6.18
	14.54
	55.71
	8.29
	3.47
	2.33
	4.59
	2.18
	2.7
	44.29

	WPR
	4.02
	13.95
	8.2
	62.77
	2.04
	1.43
	3.14
	2.64
	1.81
	37.23

	Brazil
	2.71
	2.48
	3.09
	1.9
	67.56
	2.63
	5.22
	6.68
	7.73
	32.44

	China
	2.1
	2.53
	1.97
	1.47
	3.17
	70.73
	4.53
	3.95
	9.55
	29.27

	India
	2.64
	2.19
	3.11
	1.49
	6.51
	4.5
	63.6
	5.63
	10.33
	36.4

	Russia
	2.28
	3.7
	3.33
	2.8
	6.31
	3.59
	5.48
	60.72
	11.8
	39.28

	South_Africa
	3.49
	3.74
	2.6
	2.29
	7.36
	6.85
	8.95
	9.87
	54.84
	45.16

	TO
	29.79
	50.52
	43.79
	35.99
	34.39
	25.2
	41.15
	36.31
	51.66
	348.81

	Inc.Own
	94
	101.57
	99.5
	98.76
	101.95
	95.93
	104.75
	97.03
	106.5
	TCI

	NET
	−6
	1.57
	−0.5
	−1.24
	1.95
	−4.07
	4.75
	−2.97
	6.5
	38.76

	

	Panel B: Pre COVID-19 (February 22, 2018 to December 31, 2019)


	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa
	FROM

	GRID
	57.49
	7.25
	9.68
	5.56
	1.39
	3.31
	7.78
	2.68
	4.85
	42.51

	POWR
	5.16
	40.74
	14.29
	22.31
	2.67
	1.92
	6.81
	3.52
	2.59
	59.26

	SNC
	6.94
	15.78
	46.94
	12.9
	2.09
	3.76
	7.48
	1.33
	2.77
	53.06

	WPR
	4.43
	24.25
	11.7
	46.58
	2.05
	1.68
	5.74
	2.18
	1.39
	53.42

	Brazil
	2.29
	2.11
	1.17
	1.87
	74.45
	2.49
	3.21
	7.84
	4.58
	25.55

	China
	2.36
	2.59
	2.67
	1.49
	2.01
	68.15
	5.13
	4.46
	11.13
	31.85

	India
	1.7
	1.35
	4.64
	2.45
	4.93
	5.69
	69.4
	2.24
	7.59
	30.6

	Russia
	3.2
	4.1
	4.38
	2.73
	6.63
	5.36
	3.1
	58.72
	11.78
	41.28

	South_Africa
	3.61
	3.23
	2.59
	2.17
	4.95
	8.58
	8.31
	8.13
	58.43
	41.57

	TO
	29.69
	60.67
	51.12
	51.48
	26.74
	32.78
	47.56
	32.38
	46.68
	379.1

	Inc.Own
	87.18
	101.4
	98.06
	98.06
	101.19
	100.93
	116.97
	91.1
	105.11
	TCI

	NET
	−12.82
	1.4
	−1.94
	−1.94
	1.19
	0.93
	16.97
	−8.9
	5.11
	42.12

	

	Panel C: during COVID-19 (January 1, 2020, to September 15, 2023)


	
	GRID
	POWR
	SNC
	WPR
	Brazil
	China
	India
	Russia
	South_Africa
	FROM

	GRID
	47.8
	8.45
	9.8
	7.77
	9.64
	1.43
	4.68
	7.63
	7.04
	54.4

	POWR
	9.48
	38.58
	14.86
	8.83
	9.8
	2.22
	5.08
	7.08
	7.3
	63.44

	SNC
	9
	17.59
	39.4
	8.62
	8.32
	1.7
	3.82
	7.22
	6.56
	62.8

	WPR
	7.87
	11.47
	8.92
	49.18
	8.53
	1.28
	4.48
	8.14
	5.19
	51.83

	Brazil
	7.86
	9.33
	8.05
	5.78
	41.99
	3.29
	9.22
	9.49
	11.06
	58.03

	China
	3.99
	4.96
	3.55
	2.52
	6.15
	62.69
	4.63
	6.94
	8.65
	39.33

	India
	5.6
	6.84
	6.28
	3.54
	12.68
	4.66
	42.89
	12.4
	13.34
	59.12

	Russia
	5.38
	6.52
	6.12
	4.92
	11.25
	3.82
	8.47
	49.53
	11.07
	52.49

	South_Africa
	6.93
	7.48
	6.27
	4.88
	11.68
	5.05
	8.18
	14.42
	38.19
	63.83

	TO
	49.96
	67.56
	62.68
	48.86
	74.87
	21.32
	49.6
	68.3
	65.06
	498.98

	Inc.Own
	96.65
	105.13
	98.98
	98.05
	115.87
	83
	91.5
	116.73
	102.25
	TCI

	NET
	−5.38
	4.14
	−0.03
	−6.98
	16.88
	−18
	−8.8
	17.73
	1.26
	57.35


The correlation between energy tokens and BRICS markets has shown significant changes, especially pre- and post-COVID-19. Energy tokens regularly serve as recipients of return spillovers, while BRICS markets operate as transmitters, disseminating return and volatility shocks across diverse asset classes. This tendency stays consistent throughout the sample periods, with BRICS stock markets consistently transmitting return shocks, as seen in Fig. 3. Notably, there is a discernible decline in the correlation between BRICS markets and renewable energy tokens after COVID-19, indicating a diminished dependency. This alteration may impact portfolio-building tactics, necessitating investors to reevaluate the significance of BRICS markets in mitigating energy token risks. The ongoing function of energy tokens as receivers and BRICS markets as transmitters underscores the need for adaptive risk management in a post-pandemic financial landscape.
[image: Fig. 2]
                                              Figure 2: Directional returns spillover according to pairs.
[image: Fig. 3]
                                                              Figure 3: The Index of Total Connectedness.
Figure 3 depicts the temporal fluctuations in return spillovers from each variable to the overall system, as shown by dynamic total connectedness (TO). The data indicate that spillover transmission is dynamic and impacted by economic and financial events. In the early stage of the COVID-19 pandemic (Q1 2020), return spillovers from tokens decreased markedly owing to increased market uncertainty and fragmentation. A significant rise was seen in Q1 2022, indicating recovery and enhanced market interconnection. Stock markets demonstrated more significant temporal volatility, with peak spillover levels seen during the first phases of the epidemic. These trends underscore the vulnerability of financial systems to external disturbances and their changing interconnections throughout time.
The dynamic return spillovers seen in Fig. 4 demonstrate temporal variability, with significant increases observed during the COVID-19 pandemic. These surges underscore enhanced market interconnection and heightened vulnerability, especially across energy tokens and BRICS states, during times of global instability. The "TO" and "FROM" connection study highlights their susceptibility to systemic shocks, demonstrating increased reliance during crises. These results underscore the essential need for resilience mechanisms and adaptive tactics to mitigate spillover risks in unstable financial contexts.
[image: Fig. 4]
                                             Figure 4: Dynamic Spillover of Returns.
3.4. Portfolio implications
The study underscores substantial changes in portfolio allocation and hedging methods throughout several eras, notably the pre-COVID-19 period, the pandemic phase, and the whole sample duration. The research, by Ali et al. (2024a, 2024b), examines a two-asset portfolio that integrates Brazilian stocks and energy tokens (GRID). The findings reveal that the optimal portfolio allocation for the Brazil/GRID combination during the entire study period predominantly favors Brazilian stocks, with 99.8% assigned to Brazil and just 0.2% to GRID. This allocation indicates that an individual with $1 should mostly invest in Brazilian stocks. During the COVID-19 pandemic, optimal portfolio allocations for stocks rose relative to the pre-pandemic era, indicating a preference among investors for BRICS shares in the context of greater market volatility. Hedge ratios indicate that a $1 long position in Brazilian stocks may be hedged with a short position of 0.019 cents in GRID, underscoring cost-efficient hedging tactics. The findings indicate that hedging using GRID was more effective during the epidemic than over the whole study period. The results diverge from those of (Khurana et al., 2002), indicating that energy tokens may provide differing degrees of hedging effectiveness according to the market context.
Table 4. Implications for the Portfolio.

	
	Optimal weights
	Hedging effective - OW
	Hedge ratio
	Hedging effective - HR

	
	Full sample
	Pre COIVD-19
	COVID-19
	Full sample
	Pre COIVD-19
	COVID-19
	Full sample
	Pre COIVD-19
	COVID-19
	Full sample
	Pre COIVD-19
	COVID-19

	Brazil/GRID
	0.998
	0.997
	0.999
	0.003
	0.012
	0.001
	0.019
	0.005
	0.03
	0.069
	0.004
	0.113

	Brazil/POWR
	0.987
	0.978
	0.991
	0.012
	0.035
	0.006
	0.042
	0.017
	0.049
	0.109
	0.014
	0.132

	Brazil/SNC
	0.99
	0.985
	0.995
	0.011
	0.03
	0.003
	0.041
	0.009
	0.059
	0.088
	0.009
	0.121

	Brazil/WPR
	0.99
	0.988
	0.992
	0.011
	0.017
	0.007
	0.025
	0.019
	0.025
	0.071
	0.03
	0.074

	China/GRID
	0.998
	0.999
	0.997
	0.008
	0.002
	0.011
	0.006
	0.008
	0.005
	0.017
	0.014
	0.018

	China/POWR
	0.992
	0.977
	0.998
	0.015
	0.033
	0.006
	0.016
	0.009
	0.017
	0.025
	0.013
	0.03

	China/SNC
	0.988
	0.992
	0.987
	0.022
	0.015
	0.024
	0.009
	0.013
	0.008
	0.017
	0.018
	0.014

	China/WPR
	0.988
	0.979
	0.99
	0.023
	0.025
	0.02
	0.002
	0.004
	0
	0.015
	0.014
	0.014

	India/GRID
	1
	0.999
	1
	0.001
	0.007
	0.001
	0.012
	0.003
	0.017
	0.037
	0.015
	0.048

	India/POWR
	0.991
	0.986
	0.996
	0.012
	0.029
	0.004
	0.021
	0.002
	0.028
	0.046
	0.009
	0.051

	India/SNC
	0.991
	0.99
	0.995
	0.012
	0.023
	0.005
	0.017
	0
	0.028
	0.029
	0.01
	0.033

	India/WPR
	0.989
	0.993
	0.988
	0.025
	0.016
	0.024
	0.007
	0.005
	0.006
	0.019
	0.019
	0.017

	Russia/GRID
	0.992
	1
	0.988
	0.024
	0.003
	0.024
	0.014
	0.004
	0.022
	0.051
	0.004
	0.063

	Russia/POWR
	0.977
	0.998
	0.966
	0.078
	0.002
	0.085
	0.038
	0.02
	0.046
	0.044
	0.014
	0.05

	Russia/SNC
	0.949
	0.995
	0.927
	0.19
	0.028
	0.203
	0.02
	0.007
	0.031
	0.015
	0.012
	0.021

	Russia/WPR
	0.981
	0.998
	0.974
	0.089
	0.006
	0.093
	0.021
	0.012
	0.025
	0.023
	0.017
	0.024

	South_Africa/GRID
	1
	1
	1
	0
	0
	0
	0.018
	0.008
	0.024
	0.063
	0.014
	0.089

	South_Africa/POWR
	0.999
	0.995
	0.999
	0.001
	0.009
	0
	0.036
	0.016
	0.041
	0.075
	0.014
	0.092

	South_Africa/SNC
	0.994
	0.992
	0.995
	0.007
	0.019
	0.005
	0.024
	0.005
	0.034
	0.037
	0.014
	0.045

	South_Africa/WPR
	0.993
	0.992
	0.994
	0.012
	0.015
	0.012
	0.012
	0.006
	0.013
	0.036
	0.013
	0.038


The examination of bivariate optimal portfolio weights is essential for understanding the dynamic characteristics of asset allocation, especially during periods of increased uncertainty. During occurrences such as the COVID-19 pandemic, the significance of energy tokens in portfolios often diminishes, indicating market volatility and changing risk perceptions. This highlights the need for BRICS investors to regularly recalibrate their portfolios, capitalizing on rising diversification prospects. Calculating the bivariate optimal portfolio weight enables investors to comprehend the correlation between assets such as NFTs and BRICS stock indices, evaluating their efficacy in mitigating market risks. The ongoing modification of portfolios, taking into account the changing risk-return characteristics of assets, enables superior risk management and improved portfolio performance in reaction to variable market circumstances.
 [image: Fig. 5]
                                                           Figure 5. The ideal ratio of weights to hedges.
The study emphasizes the need to modify portfolio strategies in reaction to changing economic situations, especially for BRICS investors. Incorporating renewable energy tokens into diverse portfolios enables investors to reduce risk and leverage the expanding clean energy sector. The research underscores the cost-efficiency of energy token hedging, providing a strategic instrument for portfolio managers to manage uncertainty while improving performance. This strategy corresponds with the growing emphasis on sustainability and investments in renewable energy.
4. Conclusion
Our research on the correlation between renewable energy tokens and the BRICS stock markets provides significant insights into the intricate interplay between these separate yet interrelated markets, especially during periods of volatility like the COVID-19 epidemic. By employing the Time-Varying Parameter Vector Autoregressive (TVP-VAR) method, our research effectively captures the evolving nature of these markets' connectedness. The findings reveal both dynamic and static spillover effects between renewable energy tokens (POWR, SNC, GRID, WPR) and the BRICS stock markets (South Africa, Russia, India, China, and Brazil), shedding light on how investors can navigate market uncertainty. This analysis provides essential information for portfolio managers and policymakers to enhance risk management strategies and diversify investments. The study also emphasizes the growing sign. One of the major findings of your research is the significant amount of return spillover observed between the renewable energy token market and the BRICS stock markets, with a particularly strong interconnection during the COVID-19 pandemic. The pandemic period catalyzed unprecedented levels of return spillovers, with energy tokens receiving more spillovers than they sent. Global events increasingly influence financial markets, affecting both traditional assets such as stocks and emerging digital assets like energy tokens. The BRICS stock markets serve as significant conduits for return spillovers, crucially impacting energy token returns, particularly in uncertain periods. This interrelation underscores the growing integration of digital assets within the wider financial ecosystem, especially during volatile conditions. This finding suggests that BRICS markets are not only a critical component in the global financial system but also serve as potential indicators of the future direction of renewable energy tokens. Understanding this relationship can help investors make more informed decisions about their asset allocations, particularly when looking to hedge against risks associated with energy markets.
In addition to the spillover effects, our study delves into the dynamic connectedness between the two markets. While the overall daily connectivity between energy tokens and BRICS stock markets was relatively weak, substantial spikes in connectivity occurred during crisis periods, such as the outbreak of COVID-19. These spikes indicate that, while the connection between renewable energy tokens and BRICS stock markets is generally modest, it becomes significantly stronger during times of financial or economic turmoil. This finding highlights the importance of taking market instability into account when making investment decisions, as these tokens may not always serve as reliable hedging instruments under normal market conditions. However, during times of crisis, they may offer greater opportunities for diversification and risk management. Investors seeking to mitigate risk during periods of heightened uncertainty might consider adjusting their holdings of energy tokens in their portfolios, as the nature of market interconnections fluctuates with the evolving global financial landscape.
Another key aspect of your research is the examination of optimal portfolio weights and hedging ratios. Our analysis reveals that the ideal portfolio weight of renewable energy tokens fluctuates, with the recommendation being to reduce energy token holdings during periods of market instability, such as the COVID-19 crisis. This is consistent with the observed increase in hedging ratios during times of uncertainty, suggesting that investors should be prepared for higher costs associated with hedging in volatile market conditions. The study's emphasis on portfolio optimization reflects the necessity for strategic adjustments to investment allocations based on prevailing market conditions, especially when uncertainty levels are high. The increased hedging ratios also imply that risk exposure is more pronounced during such periods, requiring more attention to mitigating potential losses. Investors can use these insights to build portfolios that are more resilient to market shocks and better equipped to navigate periods of heightened risk.
The influence of BRICS stock markets on the performance of renewable energy tokens is becoming increasingly apparent, especially regarding return spillovers. Throughout the study period, BRICS stock markets acted as net emitters of return spillovers, influencing the performance of energy tokens, which were primarily net receivers. This dynamic highlights the growing economic influence of BRICS countries on emerging digital assets. As key players in the global economy, their financial markets significantly impact the behavior of renewable energy tokens, especially during periods of market turbulence. Investors and policymakers should therefore monitor economic trends within BRICS nations closely, as fluctuations in these markets can directly affect the performance of renewable energy tokens. The interconnectedness of traditional stock markets and digital assets underscores the importance of understanding these spillover effects in the context of sustainable finance.
As such, BRICS stock markets should be viewed as critical predictors of the performance of energy tokens, offering investors a valuable tool for forecasting future market trends and potential returns.
In terms of practical implications, our research offers several recommendations for investors and policymakers. For investors, the study suggests that the renewable energy token market may offer diversification benefits in normal market conditions, as these tokens tend to have low correlations with BRICS stock markets. However, the diversification benefits diminish during periods of heightened uncertainty, as seen during the COVID-19 crisis. Therefore, investors should be proactive in adjusting their asset allocation strategies to account for market conditions and fluctuations in risk. The study also recommends that investors consider hedging their portfolios more aggressively during uncertain times, given the higher hedging ratios observed during the pandemic period. For policymakers, the findings highlight the need for thoughtful regulation of both traditional stock markets and digital asset markets to ensure stability and mitigate the risks associated with market volatility. Policymakers should also consider strategies for enhancing the resilience of these markets to external shocks and support the integration of renewable energy tokens within the broader financial system.
While our study focuses on the BRICS countries, its findings have broader implications for global investment strategies. The relationship between renewable energy tokens and traditional stock markets, particularly in emerging economies like the BRICS nations, is likely to be of interest to a wide range of investors and policymakers around the world. As the digital asset landscape continues to evolve, further research could expand the analysis to include other regions and explore how different economic conditions influence the performance and connectivity of energy tokens. This would offer a more comprehensive understanding of the global market dynamics and provide valuable insights into the future trajectory of renewable energy tokens and their role in investment portfolios. In conclusion, our research offers important empirical insights into the changing dynamics between renewable energy tokens and BRICS stock markets, providing a basis for more informed investment decisions and policy recommendations in the context of an increasingly complex and interconnected global financial system.
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