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Abstract
This study examine the among economic growth, environmental sustainability and energy consumption. In the short run, the consumption of nonrenewable energy, such as fossil fuels, contributes significantly to the rise in real GDP. However, this comes at an environmental cost. Forecast error variance decomposition indicates that nonrenewable energy consumption alone significant variation in carbon emissions. This high percentage underscores the substantial role fossil fuels play in environmental degradation in Pakistan. The resulting carbon emissions negatively impact economic activity, leading to a decline in real GDP.  In response to the detrimental effects of high carbon emissions, there has been a noticeable increase in renewable energy consumption. This shift is indicative of the stabilizing efforts initiated by government authorities as carbon emissions reach critical levels. The growth in renewable energy consumption not only helps mitigate environmental damage but also boosts economic activity, leading to an increase in real GDP. Often, the rise in renewable energy consumption is driven by the need to substitute nonrenewable energy sources, which in turn results in lower carbon emissions. This substitution effect is crucial for sustainable development, as it helps balance economic growth with environmental preservation. Nonrenewable energy consumption initially boosts real GDP in Pakistan, it also significantly contributes to carbon emissions and environmental degradation. The subsequent increase in renewable energy consumption, driven by policy efforts to stabilize carbon levels, helps restore economic activity and promotes sustainable growth. This dynamic underscores the importance of transitioning to renewable energy sources to ensure long-term economic and environmental stability.
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1. INTRODUCTION
The objective of this pioneering effort is to investigate the dynamic relationships among renewable (R) energy consumption, nonrenewable (NR) energy consumption, real GDP (Y) growth, and CO2 (C) emissions in the case of Pakistan. The importance of a clean and sustainable environment has been recognized globally, leading to initiatives such as the Kyoto Protocol in 1997. The main aim of this protocol was to reduce Greenhouse gas emissions (GHGs) by 5.2% from the 1990 levels over the period of 2008-2012, with a special focus on controlling CO2 emissions, which are considered the main sources of global warming. In the context of Pakistan, understanding the relationships between energy consumption, economic growth, and CO2 emissions is crucial for developing effective environmental and energy policies. The country, like many others, faces the challenge of balancing economic development with environmental sustainability. As energy consumption and economic growth often go hand in hand, it is essential to assess their impact on CO2 emissions, which contribute to climate change. Renewable energy sources offer a promising avenue for reducing CO2 emissions while supporting economic growth. However, their adoption and integration into the energy mix require careful consideration of various factors, including technological feasibility, economic viability, and policy support. Nonrenewable energy sources, such as fossil fuels, have long been the primary drivers of economic growth but come with significant environmental costs, particularly in terms of CO2 emissions. By analyzing the dynamic relationships between renewable and nonrenewable energy consumption, economic growth, and CO2 emissions, policymakers can identify strategies to promote sustainable development. This may involve incentivizing investments in renewable energy infrastructure, improving energy efficiency, and implementing regulatory measures to reduce carbon emissions. Furthermore, international agreements and commitments, such as the Paris Agreement, underscore the importance of collective action in addressing climate change. Pakistan's participation in these initiatives highlights its commitment to mitigating greenhouse gas emissions and transitioning towards a more sustainable energy future.

This study aims to contribute to the understanding of the complex interplay between energy consumption, economic growth, and CO2 emissions in Pakistan. By identifying the drivers and dynamics of these relationships, policymakers can formulate evidence-based strategies to foster sustainable development and mitigate the impacts of climate change. Halicioglu (2009) highlighted the significant contribution of carbon dioxide emissions to greenhouse gases (GHGs) worldwide, reaching 58.8%. However, despite this recognition, efforts to address environmental issues have often fallen short, lacking a comprehensive and effective roadmap (Sathaye et al., 2006). Nevertheless, renewable energy sources (RES) have been accepted as key solutions to climate change and the growing energy demand. The threat of global warming has spurred researchers to explore alternative energy sources to sustain economic growth, particularly in developing and populous countries, which bear the brunt of its effects.

While the use of renewable energy sources is not a guaranteed path to rapid economic growth (Tiwari, 2011), research by Domac et al. (2005) and Chien and Hu (2008) suggests that such consumption could enhance economic growth by improving macroeconomic efficiency. Masui et al. (2006) argued that addressing climate change requires the adoption of environmentally friendly technologies, energy efficiency improvements, forest conservation, reforestation, water conservation, and energy-saving measures. Renewable energy sources have been identified as crucial elements in mitigating CO2 pollutants (Krewitt et al., 2007), with the potential to meet a significant portion of global energy needs by 2050 (Abulfotuh, 2007). Abulfotuh (2007) further proposed an immediate shift in the composition of energy resource portfolios to mitigate environmental risks associated with escalating energy demand. It is widely believed that renewable energy sources hold immense potential in addressing global energy sustainability challenges. Top of Form
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The structural break unit root test developed by Clemente et al. (1998) is employed to assess the long-term relationship between variables using the autoregressive distributive lag model (ARDL) or the ARDL bounds testing approach to cointegration. Additionally, a structural vector autoregressive (SVAR) model developed by Blanchard and Quah (1989) is utilized to examine the dynamic relationship among renewable energy consumption, nonrenewable energy consumption, economic growth, and CO2 emissions.

In Pakistan, energy demand is met through both renewable and nonrenewable energy consumption. Historical data reveals fluctuations in energy consumption and economic growth during the 1970s and mid-1980s, prompting authorities to take corrective measures to address energy deficits. Although there was sustained growth in economic activity and energy consumption for a period, the late 2000s witnessed a return to an inconsistent relationship between economic growth and energy consumption. One potential factor contributing to this setback is the issue of circular debt in the energy sector of Pakistan. For instance, in December 2009, entities like PEPCO, Shell, oil marketing companies, and numerous independent power producers collectively owed Rs. 485 billion to oil suppliers (Ali and Badar, 2010).
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2. LIETRAURE REVIEW
Energy literature provides various studies investigating the dynamics of relationship between energy consumption and economic growth using either bivariate or multivariate framework. But studies analyzing the relationship between renewable and non-renewable energy consumption and economic growth are comparatively few. Our focus is to present literature review describing the relationship among renewable energy consumption, non-renewable energy consumption, real GDP and CO2 emissions. The findings seem to suggest us to divide studies into four categories or groups. The first group of studies focuses on the energy-led-growth hypothesis. For instance, Yang (2000) concluded that natural gas Granger causes economic growth in Taiwan. Similarly, Wolde-Rufael (2004) investigated the causal relationship between disaggregated energy consumption and economic growth in Shanghai, finding that economic growth was caused by coal, coke, electricity, and total energy consumption. Awerbuch and Sauter (2006) reported a positive effect of renewable energy consumption on economic growth, while Ewing et al. (2007) found that nonrenewable energy consumption, such as coal, gas, and oil consumption, had a larger impact on economic growth compared to renewable energy consumption. Chien and Hu (2008) concluded that renewable energy consumption stimulated economic growth by promoting capital formation. Lotfalipour et al. (2010), in the case of Iran, found a unidirectional causal relationship running from gas consumption to economic growth. Tiwari (2011) used a structural vector autoregressive (SVAR) approach to investigate the link between renewable energy consumption, CO2 emissions, and economic growth in the Indian economy, supporting the energy-led-growth hypothesis. Additionally, Tiwari (2011) considered the relationship between renewable energy consumption, nonrenewable energy consumption, economic growth, and CO2 emissions using data from European and Eurasian countries, finding that renewable energy consumption led to economic growth, while nonrenewable energy consumption had a negative effect on economic growth and increased CO2 emissions.

On the contrary, empirical evidence regarding unidirectional causality running from economic growth to energy consumption also exists. For instance, Yang (2000) reported that economic growth Granger caused oil consumption in the case of Taiwan. In the USA, Sari et al. (2008) concluded that industrial production and employment were the key determinants of fossil fuel, hydro, solar, waste, and wind energy consumption. Sadorsky (2009a) investigated the effect of renewable energy consumption, such as geothermal, wind, and solar power, waste, and wood, on economic growth, CO2 emissions, and oil prices in the case of G7 countries and concluded that economic growth led to renewable energy consumption. Moreover, Sadorsky (2009b) concluded that economic growth had a significant effect on increasing the demand for renewable energy consumption in 18 emerging countries. The feedback hypothesis reveals that energy consumption Granger causes economic growth by stimulating economic activity, and as a result, economic growth raises the demand for energy. Empirical studies such as Yang’s (2000) concluded that the feedback hypothesis was validated between energy consumption and economic growth in the case of Taiwan. Apergis and Payne (2010) investigated the causality between renewable energy consumption and economic growth using a multivariate framework consisting of capital and labor dimensions. Their results showed a long-term relationship among the variables and a bidirectional causal relationship between renewable energy consumption and economic growth. The fourth group deals with the neutral hypothesis between economic growth and energy consumption (aggregate or disaggregate level). For example, Wolde-Rufael (2004) reported no causality between oil consumption and economic growth. Similarly, Payne (2009) found that there was no causal relation between renewable and nonrenewable energy consumption and economic growth in the case of the USA. Besides, Menegaki (2011) used a multivariate panel framework to investigate the causal link between renewable energy consumption and economic growth and found no causality between the variables in 27 European countries.
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3. EMPIRICAL FRAMEWORK
Lucas's critique in 1976 dealt a significant blow to econometrics, casting doubts on its future prospects. It appeared as though the field was facing an existential crisis. However, as time unfolded, the landscape began to change. In 1980, Sims emerged with the Vector Autoregression (VAR) framework, offering a new direction for econometric research. This introduction of VAR injected fresh vigor into the discipline, signaling a new era of possibilities. The advent of VAR, particularly recursive VAR, provided a lifeline to econometrics. However, it came with its own set of challenges. To establish a feasible identification scheme, researchers had to impose restrictions, often through Cholesky decomposition. Critics were quick to point out that these restrictions lacked economic justification, dismissing them as ad hoc solutions. Despite its revival, the VAR methodology did not escape scrutiny. Sargent (1979, 1984) and Leamer (1985) were among those who raised concerns about its limitations and shortcomings. This ongoing debate underscored the complexities inherent in econometric modeling and the continuous quest for more robust methodologies.

As time progressed, further refinements were made to the VAR framework, paving the way for the estimation of structural VAR models. Notable contributions came from Sims (1986), Bernanke (1986), and Blanchard and Watson (1986). These scholars advocated for imposing restrictions based on theoretical foundations rather than ad hoc proposals. Blanchard and Quah (1989) made significant strides in this regard, gaining widespread recognition for their work on introducing long-run restrictions in estimating structural VAR models. Unlike previous approaches, their methodology was grounded in theory, offering a more rigorous framework for analysis. They assumed orthogonal structural shocks and normalized these shocks to unit variance. Additionally, they posited the existence of at least one structural shock with no long-run effect. This theoretical grounding lent greater credibility to their findings and laid the groundwork for more robust structural VAR modeling. To decompose the series into their temporary and permanent components, the approach involves organizing two matrices of variables within the system. One matrix, denoted as 'x', consists of non-stationary variables, typically of order I(1), indicating integrated series. The other matrix, denoted as 'y', comprises stationary variables. The focus primarily lies on the 'y' matrix, which undergoes a decomposition process to distinguish between short-run and long-run components. This decomposition allows for the isolation of temporary fluctuations from permanent changes within the series. By separating these components, analysts can better understand the dynamics of the variables and their respective impacts on the overall system.
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Blanchard and Quah's bivariate SVAR model, introduced in their 1989 paper, has faced criticism for its limited application scope, as noted by Faust and Leeper in 1997. In Pakistan, Haider et al. (2008) expanded upon this model to include three variables, while the current study seeks to advance this research by incorporating four variables: renewable energy consumption, nonrenewable energy consumption, real GDP, and CO2 emissions. Given the pressing issue of global warming and the imperative to reduce CO2 emissions, there is a growing emphasis on substituting renewable energy sources for nonrenewable ones. In this context, the present study assumes that renewable energy consumption should be maximized to meet energy demands. It is anticipated that this shift towards renewable energy will not only reduce reliance on nonrenewable sources but also lead to lower CO2 emissions over the long term. Top of Form
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Indeed, the current surge in renewable energy consumption is expected to curtail future reliance on fossil fuels. Given the adverse long-term consequences of CO2 emissions, such as environmental degradation and economic instability, it is anticipated that the escalating levels of CO2 emissions will act as a deterrent to increasing nonrenewable energy consumption over time. In essence, the identified restrictions effectively delineate our SVAR model, providing a framework for analyzing the dynamic relationships among renewable and nonrenewable energy consumption, real GDP growth, and CO2 emissions.

4. RESULTS AND DISCUSSIONS
The traditional unit root tests, such as ADF, PP, DF-GLS, KPSS, and Ng-Perron, often yield inconsistent results and are inadequate for identifying breaks in the series. To address this limitation, we employed the structural break unit root test developed by Clemente et al. (1998). The results, presented in Table-1, indicate that the variables exhibit unit root behavior at their level form. However, upon differencing the variables once, they are found to be stationary. These findings justify the application of the ARDL bounds testing approach to cointegration, as proposed by Pesaran et al. (2001), enabling us to investigate the long-term relationships among the variables. The structural break unit root test, pioneered by Clemente et al. (1998), offers a robust framework for assessing the presence of unit roots in time series data, particularly when conventional unit root tests may yield inconsistent results. By accounting for potential structural breaks, this test provides more reliable insights into the stationarity properties of the variables under investigation. In our analysis, the results of this test reveal that while the variables exhibit unit root behavior in their levels, indicating non-stationarity, they become stationary once differenced. This differentiation suggests that the variables possess a unit root at their level form but achieve stationarity after a first-order difference. Given the stationary behavior of the variables in their differenced form, we can proceed to apply the Autoregressive Distributed Lag (ARDL) bounds testing approach to examine potential cointegration relationships among the variables. Introduced by Pesaran et al. (2001), the ARDL bounds testing approach is well-suited for investigating long-term relationships in econometric models, particularly when dealing with mixed-order integrated time series data. By imposing bounds on the coefficients of the lagged variables, this approach allows us to test for cointegration without requiring the variables to be integrated of the same order. The application of the ARDL bounds testing approach will enable us to explore the existence and nature of long-term relationships among renewable energy consumption, nonrenewable energy consumption, real GDP, and CO2 emissions in the context of Pakistan. By elucidating these relationships, we can gain valuable insights into the dynamics of energy consumption, economic growth, and environmental sustainability, which are crucial for informing policy decisions aimed at fostering sustainable development and mitigating climate change impacts.
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Table 1: Clemente-Montanes-Reyes Detrended Structural Break Unit Root Test

	Variable
	Innovative Outliers 
	Additive Outlier

	
	t-statistic
	TB1
	TB2
	Decision
	t-statistic
	TB1
	TB2
	Decision
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Y

ln


	-4.067(2)
	1978
	2002
	I(0)
	-5.939(3)*
	1991
	2000
	I(1)
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R

ln


	-3.102 (3)
	1976
	2000
	I(0)
	-6.777 (2)*
	1994
	2001
	I(1)
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NR

ln


	-1.701 (3)
	1986
	2003
	I(0)
	-6.714(2)*
	1983
	2006
	I(1)
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C

ln


	-2.047 (2)
	1978
	2002
	I(0)
	-11.047(3)
	1978
	2002
	I(1)

	Note: * and ** indicates significant at 1 and 5 per cent level of significance. Lag order is shown in parenthesis  


The significant contribution of nonrenewable energy consumption to the variation in CO2 emissions underscores the pivotal role that energy sources derived from fossil fuels play in driving environmental impacts, particularly in terms of carbon emissions. With nonrenewable energy consumption accounting for 87% of the variation in CO2 emissions, it highlights the urgent need for transitioning towards cleaner and more sustainable energy alternatives to mitigate the adverse effects of carbon emissions on the environment and human health. While real GDP, renewable energy consumption, and CO2 emissions themselves contribute to the variation in the test, their individual impacts are comparatively smaller. Real GDP and renewable energy consumption each contribute to a modest percentage of the variation, reflecting their relatively minor influence on CO2 emissions compared to nonrenewable energy sources. However, their roles in shaping environmental outcomes should not be overlooked, as economic growth and the adoption of renewable energy technologies can both contribute to reducing carbon emissions over time. The redistribution of variation over a one-year time span highlights the dynamic nature of the relationships among these variables. As shocks to real GDP, renewable energy consumption, and CO2 emissions adjust, their respective contributions to the variation in CO2 emissions may fluctuate. This underscores the importance of ongoing monitoring and analysis to understand the evolving dynamics of energy consumption, economic growth, and environmental outcomes, enabling policymakers to develop targeted interventions to promote sustainability and mitigate climate change impacts effectively. Top of Form
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The surge in real income, typically associated with economic growth, invariably leads to an uptick in energy demand as businesses expand operations, households increase consumption, and overall economic activity escalates. In the short term, this heightened energy demand is met through a combination of nonrenewable and renewable energy sources. However, empirical evidence indicates that in Pakistan, the bulk of the energy demand is satisfied by nonrenewable energy consumption, as illustrated in Figure-5. Despite efforts to diversify the energy mix and promote renewable energy sources, such as wind and solar power, the dominance of nonrenewable energy remains pronounced in meeting the country's energy needs.

Forecast error variance decomposition further underscores the significant role of both renewable and nonrenewable energy consumption in driving variations in real GDP. The analysis reveals that renewable energy consumption contributes 50% to the total variation, signaling its substantial impact on economic activity. This finding underscores the potential of renewable energy to contribute to economic growth and development in Pakistan. However, it also highlights the need for greater investment and policy support to further enhance the utilization of renewable energy sources and reduce reliance on nonrenewable alternatives. Efforts to promote renewable energy adoption can yield multiple benefits, including reducing carbon emissions, enhancing energy security, and fostering sustainable development. By harnessing the potential of renewable energy technologies, Pakistan can not only meet its energy demands more sustainably but also stimulate economic growth while mitigating environmental risks. Therefore, policymakers and stakeholders should prioritize initiatives aimed at accelerating the transition to a more renewable-centric energy system to unlock these socio-economic and environmental benefits.
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Table 2: The Cointegration Analysis
	Estimated equation
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	F-statistics 
	16.735

	Optimum lag order 
	(2, 2, 2, 1)

	Significant level
	Critical values (T = 40)

	
	Lower bounds, I(0)
	Upper bounds, I(1)

	1 per cent
	7.763
	8.922

	5 per cent
	5.264
	6.198

	10 per cent
	4.214
	5.039


The ARDL bounds test, conducted through a two-step procedure, necessitates determining an appropriate lag length for the variables involved. By employing the Akaike Information Criteria (AIC) and selecting the lag order with the minimum AIC value, the optimal lag order is determined to be (2, 2, 2, 1). This lag structure allows for a comprehensive analysis of the relationships between the variables under consideration. The results of the ARDL bounds test, as presented in Table-2, reveal that the F-statistic exceeds the upper critical bound, indicating the presence of cointegration among the variables over the study period spanning from 1971 to 2010. This significant finding underscores the long-term relationships and interdependencies among renewable energy consumption, nonrenewable energy consumption, real GDP, and CO2 emissions in Pakistan. Moreover, diagnostic tests conducted to assess the validity of the estimation process further validate the robustness of the ARDL bounds testing approach to cointegration. These diagnostic tests provide assurance regarding the reliability and accuracy of the empirical analysis, ensuring that the derived results accurately capture the underlying dynamics and relationships among the variables of interest.

Top of Form

Bottom of Form

The deteriorating state of the environment is closely associated not only with environmental degradation but also with a lower level of economic growth. When an unexpected shock to CO2 emissions exacerbates economic activity, real GDP tends to decline while renewable energy consumption witnesses an increase. This rise in renewable energy consumption reflects the stabilization efforts being initiated by official authorities in response to the alarming levels of CO2 emissions, as illustrated in Figure-8 in the Appendix. Furthermore, forecast error variance decomposition reveals that a shock in CO2 emissions accounts for 42.8% of the variation observed in renewable energy consumption. This finding underscores the significant impact of CO2 emissions on renewable energy consumption and highlights the urgent need for proactive measures to mitigate environmental pollution and promote sustainable economic growth.
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Table 3: Variance Decomposition Approach (VDA)

	Horizon
	Variance Decomposition of 
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	1
	8.91
	50.17
	35.24
	5.66
	5.30
	44.97
	6.87
	42.84
	51.88
	41.05
	2.04
	5.02
	8.25
	1.55
	87.01
	3.17

	2
	17.35
	45.51
	31.47
	5.65
	6.57
	44.98
	6.53
	41.91
	45.51
	47.60
	3.34
	3.54
	7.50
	4.13
	80.83
	7.53

	3
	19.73
	44.51
	30.11
	5.61
	6.85
	45.20
	6.86
	41.07
	45.88
	45.16
	3.59
	5.35
	7.40
	4.56
	80.17
	7.85

	4
	20.46
	44.04
	29.71
	5.72
	6.92
	45.07
	6.90
	41.09
	45.97
	45.03
	3.75
	5.24
	7.38
	4.66
	80.03
	7.91

	5
	20.70
	43.92
	29.59
	5.79
	6.95
	45.07
	6.91
	41.04
	46.04
	44.83
	3.75
	5.36
	7.37
	4.68
	80.00
	7.93

	6
	20.77
	43.88
	29.55
	5.79
	6.96
	45.06
	6.91
	41.04
	46.07
	44.82
	3.75
	5.35
	7.37
	4.69
	80.00
	7.93

	7
	20.79
	43.87
	29.54
	5.79
	6.97
	45.06
	6.91
	41.04
	46.08
	44.79
	3.75
	5.36
	7.37
	4.69
	80.00
	7.93

	8
	20.80
	43.86
	29.53
	5.79
	6.97
	45.06
	6.91
	41.04
	46.08
	44.79
	3.75
	5.36
	7.37
	4.69
	80.00
	7.93

	9
	20.80
	43.86
	29.53
	5.79
	6.97
	45.06
	6.91
	41.04
	46.08
	44.79
	3.75
	5.36
	7.37
	4.69
	80.00
	7.93

	10
	20.80
	43.86
	29.53
	5.79
	6.97
	45.06
	6.91
	41.04
	46.08
	44.79
	3.75
	5.36
	7.37
	4.69
	80.00
	7.93


5. CONCLUSIONS

The forecast error variance decomposition analysis unveils that shocks to both renewable and nonrenewable energy play a pivotal role in driving the variation observed in real GDP. Together, these shocks account for a substantial 85% of the total variation observed in the system. This underscores the significant influence of energy-related factors on real economic activity, highlighting the interdependence between energy consumption and economic performance. Such insights are crucial for policymakers and stakeholders as they navigate strategies to promote sustainable economic development while ensuring energy security and environmental sustainability. The analysis indicates that shocks in real GDP and renewable energy consumption account for 51% and 41% of the variation in nonrenewable energy consumption, respectively. Interestingly, nonrenewable energy consumption emerges as the primary driver of variation in CO2 emissions, explaining 87% of the observed variation in emissions. Moreover, a shock to CO2 emissions is responsible for a significant 42.8% variation in renewable energy consumption, highlighting the complex interplay between energy consumption and environmental concerns. 
The intricate dynamics revealed by the forecast error variance decomposition underscore the multifaceted nature of the energy-environment-economic relationship. The significant role played by shocks in real GDP and renewable energy consumption in influencing nonrenewable energy consumption suggests that economic growth and the adoption of renewable energy technologies can have a profound impact on the utilization of fossil fuels. This finding aligns with global efforts to transition towards cleaner and more sustainable energy sources, emphasizing the need for policies that promote renewable energy development and energy efficiency measures. Furthermore, the dominance of nonrenewable energy consumption in driving CO2 emissions highlights the urgent need for decarbonization strategies to address climate change and mitigate environmental degradation. As CO2 emissions continue to pose significant challenges to global sustainability, policies aimed at reducing reliance on fossil fuels and promoting the adoption of low-carbon alternatives become increasingly imperative. 
In light of these findings, policymakers and stakeholders must prioritize investments in renewable energy infrastructure, enhance energy efficiency measures, and implement regulatory frameworks that incentivize the transition towards cleaner energy sources. By fostering innovation, supporting research and development initiatives, and fostering international collaboration, countries can accelerate the shift towards a more sustainable and resilient energy future. Top of Form
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The extension of the bivariate Blanchard and Quah (1989) SVAR to a 4-variable structure in this study offers a more comprehensive understanding of the dynamic interactions among renewable energy consumption, nonrenewable energy consumption, real GDP, and CO2 emissions. By incorporating additional variables into the SVAR framework, we can unravel the complex relationships and causal pathways that exist within the energy-environment-economic system. Blanchard and Quah's SVAR methodology provides a rigorous framework for analyzing the structural relationships among variables, allowing for the identification of underlying causal mechanisms and the assessment of policy interventions. By examining the impact of exogenous shocks on the endogenous variables, we can discern the direction and magnitude of their effects on economic activity, energy consumption patterns, and environmental outcomes. The utilization of Blanchard and Quah's SVAR framework in this study enables us to explore how changes in renewable and nonrenewable energy consumption, as well as fluctuations in real GDP and CO2 emissions, interact with each other over time. By disentangling the short-term and long-term dynamics of these variables, we can gain insights into the underlying drivers of energy consumption and environmental degradation, as well as their implications for economic growth and sustainability. 
Overall, the extension of the SVAR framework to a 4-variable structure represents a significant advancement in our ability to analyze the complex interplay between energy, the environment, and the economy. By leveraging this methodology, we can inform evidence-based policymaking and develop strategies to promote sustainable development and mitigate the adverse impacts of climate change. Top of Form
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The energy crisis in Pakistan presents a significant challenge, exacerbated by the increasing demand for energy coupled with stagnant supply. This situation not only hampers economic development but also poses a threat to social well-being. Pakistan's heavy reliance on imported oil further exacerbates the issue, leading to significant deficits in the current fiscal account and mounting debt burdens. Despite being endowed with abundant natural resources, the country has yet to fully tap into its potential, with conventional energy sources predominantly meeting energy demand. In contrast, renewable energy remains vastly underutilized, accounting for less than 1% of Pakistan's energy consumption. Given the pressing need for sustainable energy solutions, there is a compelling case for harnessing renewable energy sources to address Pakistan's energy challenges. By tapping into renewable energy, such as solar, wind, and hydropower, Pakistan can diversify its energy mix, reduce reliance on imported fossil fuels, and mitigate the environmental impact of energy production. Moreover, investing in renewable energy infrastructure presents opportunities for economic growth, job creation, and technological innovation. By promoting renewable energy projects, Pakistan can stimulate economic activity, attract investment, and foster a more sustainable energy ecosystem. Additionally, transitioning towards renewable energy aligns with global efforts to combat climate change and reduce greenhouse gas emissions, demonstrating Pakistan's commitment to environmental stewardship and sustainable development. 
To realize the full potential of renewable energy, concerted efforts are needed from government, policymakers, private sector stakeholders, and civil society. This includes implementing supportive policies and regulatory frameworks, incentivizing renewable energy investments, and fostering partnerships for technology transfer and capacity building. By harnessing the power of renewable energy, Pakistan can chart a path towards energy security, economic prosperity, and environmental sustainability. Top of Form
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Pakistan possesses significant untapped potential for renewable energy, particularly in solar, wind, hydropower, and biogas resources. The country's geographical location along the sunbelt provides it with a competitive advantage in solar energy production. Despite this advantage, solar energy utilization remains limited and has yet to be fully recognized as a viable energy source. Similarly, Pakistan's coastal areas in Sindh, Balochistan, and Punjab, along with certain desert regions, offer immense potential for wind power generation. A specific coastal corridor spanning approximately 60 km wide and 180 km long has the capacity to generate an estimated 50,000 MW of energy annually, highlighting the untapped wind energy potential in these regions. Moreover, Pakistan's northern areas boast numerous waterfalls with the potential to generate around 300 MW of hydropower annually. Additionally, Punjab's extensive canal networks present opportunities for hydropower generation, with approximately 300 sites capable of producing 350 MW of energy. Furthermore, biogas production from animal dung holds significant promise for meeting energy needs, particularly in rural areas. If just 50% of the country's animal dung were collected, it could generate a substantial amount of biogas—approximately 17.25 million cubic meters per day—sufficient to meet the cooking energy requirements of millions of people. Despite the abundance of these renewable energy resources, their utilization remains limited, with many still lying untapped beneath the earth's surface. Unlocking and harnessing these resources require concerted efforts from government, policymakers, and private sector stakeholders. By investing in renewable energy infrastructure, implementing supportive policies, and fostering innovation and research, Pakistan can capitalize on its renewable energy potential to address its energy needs, promote sustainable development, and reduce its reliance on fossil fuels.
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