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This paper investigates the impact of GDP, renewable energy consumption, patents, and innovation on carbon intensity in Saudi Arabia. For this purpose, we use panel data from 1990 to 2019 and applied pooled OLS with fixed effect and quantile regression techniques to check the long-run association between variables. The results show that GDP is enhancing carbon intensity in Saudi Arabia. However, renewable energy consumption is a significant factor in reducing carbon emission. Further, it is also confirmed that patents and innovation can help reduce carbon intensity in Saudi Arabia. These results are also confirmed through quantile regression analysis. Our results are robust to alternative tests as well. Capital subsidies and feed-in-trade are important policy implications to promote the use of renewable energy.
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INTRODUCTION
Carbon intensity means the amount of carbon emitted by using per unit of energy. It is a fact that the majority of the carbon in the atmosphere is the result of the high amount of fossil fuel consumption, including oil. However, economies cannot grow without using energy because basic economic sectors, including industries and transportation, are dependent on energy use (Shahzad et al., 2022). Still, some factors can significantly reduce overall carbon intensity without interrupting economic growth and reducing the negative overall environmental impacts of speedy economic growth. Hence, almost all countries are trying to explore and use such factors.
The importance of reduction in carbon intensity is essential. However, for a country like Saudi Arabia, whose economy is heavily deepened on fossil fuels (Tlili, 2015), the significance of low carbon intensity is highlighted. The main reason behind the Saudi economy’s top ranking is that it is the largest producer and exporter of oil and petroleum products (Bradshaw et al., 2019). However, due to the abundance of fossil fuels in the country, its consumption is very high. All sectors of the Saudi economy use oil and petroleum products for energy, making carbon intensity extremely high (Fatima et al., 2021). The annual carbon intensity per kilogram of oil equivalent consumed is shown in Figure 1. It can be seen that significant efforts to reduce carbon intensity has been taken, however, it is still very high. This situation calls for immediate attention to identify ways to reduce carbon intensity.
[image: Figure 1]FIGURE 1 | Carbon intensity per kilogram of oil equivalent oil consumed (Ritchie and Roser, 2020).
Previously researchers investigated the factors that can help to reduce carbon intensity without affecting economic growth while environmental degradation can be reduced. In this context (Waheed et al., 2018; Farooq et al., 2019; Sarwar, 2019; Li et al., 2021) found that forests can be used to reduce carbon intensity. They assert that forests reduce carbon from the atmosphere and help provide an alternative low carbon-emitting alternative source of energy. According to these studies, forests help reduction of carbon emission in selected countries. Also, enhancement in income level is considered beneficial for reducing carbon intensity (Sarwar, 2019; Sarwar and Alsaggaf, 2019; Hashmi et al., 2020). The positive impact of income on carbon intensity is when people will afford to buy expensive but energy-efficient products. Also, the latest and technically enhanced vehicles would help to reduce carbon emission. Similarly, according to (Sarwar et al., 2019; Sarwar et al., 2021), education can also play a vital role in combating environmental issues. When people get the required knowledge, the awareness regarding the environment will be enhanced. They will try to reduce the negative impacts of their energy use. Besides these factors Suleman Sarwar and Alsaggaf (2021) found that governance can also help to counter the carbon issues, and it can reduce carbon emission.
Previously, researchers have explored different factors that can help to control carbon emission and reduce carbon intensity; however, as mentioned above, the issue of carbon intensity is still at its peak (Adebayo et al., 2021; Adebayo and Kirikkaleli, 2021; Kirikkaleli and Adebayo, 2021; Kirikkaleli et al., 2021; Adebayo et al., 2022; Miao et al., 2022). Hence, the current study is an effort to introduce a few practical solutions. There are three main contributions of this study. The first contribution is to investigation the nexus between economic growth and carbon intensity in Saudi Arabia. It is a fact that countries try to accelerate economic growth, but this cannot be done without using energy. However, using energy sources negatively impact the environment, as fossil fuels are the main energy source. Saudi Arabian economy is highly dependent on energy-intensive sectors (Taylan and Demirbas, 2016), and due to the abundance of oil in the country, it is widely used in all sectors. This huge usage of oil results in a high amount of carbon intensity. Nevertheless, no research directly explored the impact of economic growth on carbon intensity in the Saudi context. This study is an effort to fill this gap.
The second contribution is exploring the impact of renewable energy consumption on carbon intensity in Saudi Arabia. It has been proved that renewable energy can play a significant role in reducing energy-related emissions and can help reduce carbon intensity (Rahman et al., 2022). Instead of non-renewable energy sources, including oil, renewable energy sources emit a very low amount of carbon, and renewable energy’s carbon intensity is significantly low. However, Saudi Araba is neglected in empirical research regarding renewable energy and carbon intensity. The current study uses Saudi Arabian data to put forward some important policy implications. The third contribution is regarding the investigation as to how patents can solve environmental issues by reducing carbon intensity. Patents can play a role in reducing carbon intensity by enhancing energy efficiency (Cheng et al., 2019). Hence, it is important to check whether the positive effects of patents are also valid in Saudi Arabia. The last contribution is the association between innovation and carbon intensity in Saudi Arabia. Innovation can help in controlling carbon intensity because technically enhanced products are proved to be less carbon-intensive. Shaikh et al. (2018) asserts that technical innovations can reduce carbon emission because technically improved products use less amount of energy, and hence these products emit low carbon.
Hence, based on the above discussion, this study has four objectives, including checking the nexus between GDP and carbon intensity in Saudi Arabia. Also, to check the role of renewable energy in mitigating carbon intensity. The last objective of the current study is to investigate the significance of patents and innovation for reducing carbon intensity.
LITERATURE REVIEW
Carbon intensity explains how much carbon is emitted by using one unit of energy. It is a fact that economic growth is dependent on those sectors which are energy-dependent, including industrialization, transportation etc. Hence, it is logical to say that carbon intensity enhances with increased economic growth in terms of gross domestic product (GDP). Previously researchers tried to explore the nexus and found some important insights. In this regard Rahman et al. (2022) explored emerging economies from 1990 to 2018 to investigate if carbon intensity in these countries is related to their rapid growth. Using the Pool Mean Group technique, their analysis suggests that the economic growth sectors in these countries increase carbon intensity. Another study by Cheng et al. (2018) used data from 28 European Union countries to check if economic growth in these countries is related to carbon intensity. By applying the panel quantile regression technique, they found a heterogeneous and asymmetric relationship between economic growth and carbon intensity. Specifically, they noted that in countries where carbon emission is either medium or high, economic growth helps in reduction in carbon intensity. Alongside, Vujović et al. (2018) also concluded that carbon intensity and economic growth are positively related. They used data from European Union countries and asserted that economic growth and carbon intensity are interrelated due to high energy consumption. Li and Lin (2016) used Chinese data to know if rapid economic growth in the country is increasing carbon intensity or not. Their result revealed that although China’s economic growth is higher, it is negatively impacting carbon intensity. They found that negative effects of industrial development and energy intensity are reduced due to high economic growth. Also, it makes unclean energy mix beneficial for carbon intensity, making the overall nexus between economic growth and carbon intensity negative.
Due to the increased amount of carbon intensity, countries are struggling to find solutions, and renewable energy is considered a viable solution. Researchers also tried to check that renewable energy is essential for reducing carbon intensity. Rahman et al. (2022) explored emerging economies to find this nexus. Using data from 1990 to 2018 and the pool means group technique and ARDL method, they found that carbon intensity in these countries is significantly reduced due to increased renewable energy. Similarly, Zhang et al. (2022) used data from nine top carbon-emitting countries to investigate if renewable energy can solve the issue of carbon intensity in these countries. Using modern econometric techniques, they found that carbon intensity is significantly reduced by increased use of renewable energy.
Another study by Cheng and Yao (2021) also checked the same nexus in 30 Chinese provinces. They used data from 2000 to 2015 and found that renewable energy and carbon intensity are significantly and negatively related in the only long run. However, in the short-run renewable energy does not affect carbon intensity. Likewise, Zheng et al. (2021) asserts that a 1% increase can reduce renewable energy influences carbon intensity and almost 0.043% of carbon intensity in renewable energy development. Like this, Yu et al. (2020) also researched the relationship between renewable energy and carbon intensity and found that a 1% increase in renewable energy generation reduces 0.149% carbon intensity. However, they concluded that this effect is more prominent in areas with high or low carbon intensity. Likewise, Shahzad et al. (2018) used data from China and India to know if renewable energy is related to carbon emission intensity in these countries. Using the ARDL method, they found that renewable energy is a major factor in reducing carbon emissions. Waheed et al. (2018) also researched the same nexus in Pakistan, and by ARDL approach, they show that increasing renewable energy use can reduce carbon emission in the long run and short run.
Patents can also play a vital role in reducing carbon intensity as it restricts using energy and other carbon-emitting sources. To check this notion, Huang et al. (2021) used provincial data from China from the year 2000–2016 and through dynamic panel threshold model, they found that carbon intensity can be significantly reduced through patents in terms of output of energy-saving R & D. This means through energy patents, countries can reduce carbon intensity significantly. Another study Cheng et al. (2019) used data from BRICS countries from the year 2000–2013 to know if patents can help reduce carbon intensity in these countries. Through panel OLS and quantile regression, they found that environmental patents accelerates carbon emission and ultimately carbon intensity. Ibrahiem (2020) explored Egyptian data to know if patents help reduce carbon emission and intensity in the country. They used data from 1971 to 2014 and applied ARDL, FMOLS, DOLS, and Toda-Yamamoto techniques. Results revealed a direct relationship between patents and carbon emission in the country, which suggest that instead of decreasing the carbon emission, patents are adding to the carbon emission.
Similarly, Ganda (2019) checked the same nexus in OECD member countries from 2000 to 2014. They applied the Generalized Method of Moments (GMM) technique, and results suggest that triadic patent families and carbon emission are significantly and positively related. Likewise, (Wang et al., 2012), tried to explore how much domestic patents for fossil-fueled technologies are helping in the reduction of carbon emission. They used the STIRPAT method and concluded that domestic patents for fossil-fueled technologies do not impact carbon emission in Beijing.
Innovations can be a tool to reduce carbon intensity, and this nexus is explored by (Ali et al., 2020) in the Malaysian context. They used data from 1985 to 2016 and, through the ARDL technique, found that there is bidirectional causality between technical innovations and carbon emission in the long run. Another study by Dauda et al. (2019) used data from 18 countries from 1990 to 2016 and applied CADF unit root test and FMOLS and DOLS techniques. Their analysis revealed that in G6 countries, there is a significant and negative association between innovation and carbon emission. However, there is a significant and positive association between innovation and carbon emission in MENA and BRICS countries. Töbelmann and Wendler (2020) researched data from EU-27 countries from 1992 to 2014 to investigate if environmental innovations play any role in reducing carbon emission. Through Generalized Methods of Moments, they found that innovation does not play any role in the reduction of carbon emission. Shaikh et al. (2018) used Chinese data from 1980 to 2017 to explore the nexus between technological innovation and carbon emission. They used the ARDL technique, revealing that technological innovation and carbon emission are not related. Additionally, Yu and Du (2019) used provincial data from China from 1997 to 2015 to check if high-speed growth provinces and low-speed growth provinces show the same type of association between technological innovations and carbon emission. Their STIRPAT analysis shows that technological innovations more prominently enhance carbon emission than high-speed growth provinces in low growth provinces.
In view of the above mentiond literature, it is evident that previous studies have less focus on Saudi Arabia. However, to cover the gap, we examine the role of creativity on carbon intensity. For this, we use two proxies, patent and innovation. The findings of current studies will be useful for policy making.
DATA AND METHODOLOGY
Data Sources and Model
This study investigates the impact of economic growth, renewable energy consumption, patents, and innovation on carbon intensity for Saudi Arabia. For analysis purposes, this paper utilizes annual data of Saudi Arabia from 1990 to 2019. Data for all variables is obtained from World Development Indicators. As far as the measurement of variables is concerned, carbon intensity is measured as kg per kg of oil equivalent energy use, GDP represents gross domestic product per capita (constant 2010 dollars), renewable energy is % of total electricity production from renewable sources, patents are measured as patent applications, and innovation is used from innovations index (0–100). The data is collected from the World Development Bank Indicators (WDI), we use the simulation method to fill the missing values.
The basic model of our hypothesis is presented in linear form as following:
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whereas, [image: image] presents carbon intensity in sample countries with its independent variables chosen as GDP per capita ([image: image]), and renewable energy consumption ([image: image]), patent application ([image: image]), innovations ([image: image]). The empirical form of carbon intensity function is as follows:
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To avoid the estimation concern, the data of all the variables (except carbon intensity) are transformed into natural logarithms. The empirical models of carbon intensity function with natural logs.
Methodology and Estimation Strategy
We utilized panel data, which might possess the features of unit root issues. Hence, we initially investigated the unit root properties of the variables by applying Levin Lin-Chu (LLC) unit root test introduced by Levin et al. (2002) and Harris-Tzavalis unit root tests. After confirming the integration properties of the variables, we further apply Kao cointegration for examining the long-run relationship between the variables. After confirming no cointegration between variables, the main analysis uses pooled OLS with the fixed effect technique. Additionally, quantile regression analysis is performed to check which quantile provides stronger independent variables’ association with carbon intensity.
Generalized Method of Moments
To examine the panel data regression, Hansen introduced the Generalized method of moments (GMM) in 1982. When number parameters are larger than the number of moments conditions or smaller than moment conditions, HMM is suitable. Suppose it advised that GMM must be used when the equation has endogenous variables. Also, in the case of unobserved heterogeneity, GMM is appropriate. Here, random as well as fixed effect estimators are not consistent. Previously, many researchers proposed the GMM technique to estimate panel data in case of inconsistent estimators across a huge number of cross-sections and infinite periods (Uddin et al., 2017; Ganda, 2019; Muhammad, 2019). Hence, the primary hypothesis of the current study is checked through GMM regression to address the unobserved heterogeneity.
Panel Quantile Regression
Panel quantile regression is utilized in this study to examine the impact of independent variables on the dependent variable. It is important to know the impact of independent variables on carbon intensity at different quantiles. However, traditional conditional mean regression is used in previous studies. However, there are chances of getting biased relevant coefficients. The major advantages of quantile regression are no requirement for the normality of economic sequence required in ordinary least square. Also, the impact of extreme values can be calculated by quantile regression which cannot be done in the ordinary least square method. Quantile regression has the following formula:
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Where.
x = Vector of independent variable
y = Explained variable
θ= Quantile point
μ = Random distribution term.
β = Parameter vector through Eq. 9
[image: image]
Besides other advantages, quantile regression makes it possible to understand the relationship between study variables beyond the mean of data. Hence, it makes it possible to understand those outcomes distributed non normally, and there is a nonlinear relationship between outcomes and predictors. Quantile regression allows us to drop the assumption that the relationship between variables operates similarly at the upper tail as at the mean level. Hence, important determinants of carbon intensity for different subgroups of independent variables can be identified. Also, under and over, the depression in the data can be addressed through quantile regression. The robustness of quantile regression motivates us to investigate the determinants of carbon intensity in Saudi Arabia.
EMPIRICAL RESULTS AND DISCUSSION
Descriptive Statistics
Table 1 illustrates the descriptive statistics of all the variables, which shows the normality of the data. It can be seen that the highest mean value corresponds to carbon intensity, whereas the lowest mean value is for innovation. As far as the volatility is concerned, carbon intensity is the most volatile and economic growth is the least volatile.
TABLE 1 | Descriptive statistics.
[image: Table 1]Unit Root Test
For proper analysis, the stationarity of the data is necessary. To check this, a unit root test is applied in this study; two types of tests are used, including the LLC unit root test and the Harris-Tzavalis test unit root test. Table 2 shows the results of both tests, and it is evident that in the LLC test, carbon intensity, renewable energy consumption, and patents are stationary at a level, but economic growth and innovation are non-stationary. However, at the first difference, all variables are stationary. The same is the case with the Harris-Tzavalis test unit root test. Only a few variables are stationary at the level, and all variables are stationary at first difference.
TABLE 2 | Panel unit root analysis.
[image: Table 2]Cointegration Test
Unit root tests confirm that their variables are stationary at the level. Hence, it is necessary to apply cointegration tests to check the integration between variables. For this purpose, five different types of tests are used, and results are reported in Table 3. It can be seen that in all models and all tests, values are significant at a 1% level of significance. This suggests that the null hypothesis of the unit root should be rejected, and the alternative hypothesis should be accepted. Hence, there exists no unit root in the data.
TABLE 3 | Panel cointegration analysis.
[image: Table 3]Long-Run Analysis
Table 4 presents the results of Long-Run Analysis Using Pooled OLS with Fixed Effects for three models. Estimation results for Model 1 show that the coefficient of GDP is positive and significant at a 10% level of significance. The coefficient value is 0.841 suggesting the 1% increase in GDP increases the carbon intensity by 0.841%. This result is aligned with the findings of (Rahman et al., 2022). It is a fact that economic growth is dependent on development in energy-intensive sectors, including industrial and transportation. In Saudi Arabia, these sectors are dependent on fossil fuels to generate electricity to be used as energy. However, higher fossil fuel consumption leads to high carbon emission. The coefficient for renewable energy consumption is negative and significant at a 5% significance level, and the coefficient value is -0.008. This shows that renewable energy consumption helps reduce carbon intensity; if consumption of renewable energy increases by 1%, carbon intensity reduces by 0.008%. Waheed et al. (2018) also found the same type of results. This negative association can be interpreted as the Saudi government trying to diversify the economy from oil to non-oil sector, and the use of renewable energy is also increased. Due to this, consumption of non-renewable energy sources is reduced in the overall energy mix. Hence, this reduces the overall carbon emission from energy consumption. The association between patents and carbon intensity shows that the coefficient is negative and significant at the 10% level. The value of the coefficient is -0.103; hence increase in patents reduces carbon intensity, and 0.103% carbon intensity reduces by a 1% increase in patents. Huang et al. (2021) also suggest that patents help to control carbon emission and hence carbon intensity reduces. In Saudi Arabia, patents application is increased to 9782 in 2020 from 1242 in just 10 years. This improvement enables investors and producers to exploit innovation by getting the required return on investment. This also enables them to invest in technically enhanced methods of production which are less energy-intensive. This reduces the overall carbon emission.
TABLE 4 | Long-run analysis using pooled OLS with fixed effects.
[image: Table 4]Now turning our attention towards Model 2, an extension of Model 1 by adding innovation in the basic model consisting of GDP and renewable energy consumption. In this model, again, the coefficient of GDP is positive and significant at 10% significance, suggesting that the increase in GDP increases carbon emissions. The value of the coefficient is 0.889. Hence, it can be said that a 1% increase in GDP increases carbon intensity by 0.886%. Likewise, the coefficient of renewable energy consumption is again negative and significant at a 10% significance level with a coefficient value of −0.137. This suggests that if renewable energy consumption increases by 1%, carbon intensity reduces by 0.137%. The results regarding the innovation show that there is a significant and negative association between innovation and carbon intensity. The value of the coefficient is −0.164, and the level of significance is 1%. Hence, if innovation increases by 1%, carbon intensity reduces by 0.164%. Previously Dauda et al. (2019) also found a negative relationship between innovation and carbon intensity.
As far as the third model is concerned, which is an extension of Model 1 by adding patents and innovation, the results show that GDP and carbon intensity are negatively and significantly related at a 10% significance level. However, the magnitude of impact is a little low compared to the other two models. The coefficient value is 0.468 showing that a 1% increase in GDP increases carbon intensity by 0.468%. The relationship between renewable energy consumption and carbon intensity is positive in this model, opposite to previous studies. This suggests that a 1% increase in renewable energy consumption increases carbon intensity in the long run. The coefficient for patents is negative and significant at a 5% significance level. The coefficient value is −0.556, which means a 1% increase in patents reduces 0.556% in carbon intensity. The coefficient of innovation is negative and significant at a 5% level of significance. The value of the coefficient is −0.165. Hence, it can be said that if innovation increases by 1%, carbon intensity reduces by 0.165%. Shaikh et al. (2018) also assert that innovation is the key to reducing environmental degradation by reducing carbon intensity.
Quantile Regressions Analysis
In order to provide a more robust estimation, quantile regression is used, and results are reported in Table 5. In Model 1, The coefficient of GDP is positive and significant at a 5% level of significance with a value of 1.574. This suggests that GDP and carbon intensity are positively related, and a 1% increase in GDP increases carbon intensity by 1.574%. However, the coefficient of renewable energy is insignificant, showing that renewable energy consumption is irrelevant to carbon intensity. This result is opposite to many previous studies (Budzianowski, 2012; Zheng et al., 2021; Rahman et al., 2022). One plausible explanation for this insignificant relationship is that oil resources are abundant in the country. Hence, people usually use fossil fuels instead of renewable energy sources. In the case of patents, the coefficient is negative and significant at a 5% level of significance, and the coefficient value is −0.060. Hence, it can be said that a 1% increase in patents helps in the reduction of 0.060% carbon intensity. In Model 2, again, GDP is positively and significantly related to carbon intensity with the coefficient of 0.033. This shows that a 1% increase in GDP increases carbon intensity by 0.033%. Nevertheless, again renewable energy consumption is not related to carbon intensity in this model. In Model 2, innovation is added in the basic model, and results suggest a negative and significant relationship between innovation and carbon intensity at a 1% level of significance.
TABLE 5 | Quantile regressions analysis with fixed effects.
[image: Table 5]In the last model, Model 3, all variables are simultaneously added to the equation. Here, GDP and carbon intensity are positively and significantly related at a 5% level of significance, and the coefficient value is 0.957. This shows that a 1% increase in GDP increases carbon intensity by 0.957%. However, in this model, renewable energy consumption shows the impact on carbon intensity, and the coefficient is negative and significant at a 10% level of significance. The coefficient value is −0.420; hence, if renewable energy consumption increases by 1%, carbon intensity reduces by 0.420%. The same is the case for patents, which is also negatively and significantly related to carbon intensity at a 5% significance level. The value of the coefficient is −0.273. This suggests that a 1% increase in patents reduces carbon intensity by 0.273%. Similarly, the innovation results show a negative and significant association between innovation and carbon intensity at a 1% significance level. The coefficient of innovation is −1.384; thus, a 1% increase in innovation reduces 1.384% in carbon intensity.
Table 6 presents the complete results of quantile regression, and it is evident that the impact of GDP on carbon intensity gets significant from the 50th quantile and remains significant in the 75th and 90th quantiles. However, the strongest impact of GDP on carbon intensity is in the 50th quantile, where the value of the coefficient is positive and significant at a 1% significance level. If GDP increases by 1%, carbon intensity increases by 0.802%. The same is true with renewable energy consumption, which is also significantly related to carbon intensity in higher quantiles. However, the magnitude of impact gets higher if we move to upper quantiles and gets highest in the 90th quantile, where a 1% increase in renewable energy consumption reduces carbon intensity by 0.834%. Hence, it can be said that consumption of renewable energy starts impacting carbon intensity after reaching a certain limit. However, the strength of the relationship is low in these quantiles because the level of significance is 10%. Considering the patents, it can be seen that the relationship between patents and carbon intensity is significant in all quantiles. However, the 75th quantile shows the most noticeable impact where a 1% increase in patents reduces carbon intensity by 0.870%. In the case of innovation, only the 10th quantile show insignificant association with carbon intensity and in all other quantiles, innovation is significantly related to carbon intensity.
TABLE 6 | Quantile regressions at each quantile.
[image: Table 6]Nevertheless, in the 25th quantile, there is a significant and positive relationship between innovation and carbon intensity. In 50th and above quantiles, innovation is reducing carbon intensity. The highest level of impact is in the 75th quantile, where a 1% increase in innovation reduces carbon intensity by 0.743%. The quantile regression also confirms that although high economic growth increases carbon intensity in Saudi Arabia. Still, carbon intensity can be controlled through the consumption of renewable energy, patents and innovation without interrupting the economy’s growth.
Robustness Tests
We have applied two robustness tests to further confirm our main findings, including Difference GMM (DGMM) and FGLS Estimates. The results of both tests are reported in Table 7. The results of the DGMM test validate the findings of the main analysis. The coefficients of renewable energy consumption, patents, and innovation are negative; however, the coefficient of GDP is positive, according to the expectations. In the case of FGLS estimates, coefficients of GDP and innovation are aligned with the results of OLS estimates; however, the coefficients of renewable energy consumption and patents are opposite. The relationship between renewable energy consumption and carbon intensity is insignificant, but the relationship between patents and carbon intensity is positive. It is also important to mention the null hypothesis of autocorrelation. Hence, it can be said that our models are free from autocorrelation issues. Also, there is no issue of heterogeneity, i.e. AR (2). Hence, instruments and error terms are not correlated.
TABLE 7 | Robustness check with difference GMM (DGMM) and FGLS estimates.
[image: Table 7]CONCLUSION AND POLICY IMPLICATIONS
The main aim of the current study is to investigate the relationship of GDP, renewable energy consumption, patents, and innovation with carbon intensity in the Saudi Arabian context. Results of OLS regression suggest that an increase in GDP increases carbon intensity. However, an increase in renewable energy consumption, patents, and innovation helps mitigate carbon intensity. The quantile regression results also suggest that GDP is a significant contributor to carbon intensity, and rapid economic growth creates environmental issues in Saudi Arabia. Also, renewable energy consumption is a good solution because it helps decrease carbon intensity. Together, quantile regression also proved the significance of patents and innovation as a solution for the carbon intensity problem.
Following important policy implications can be established based on these findings.
• The government should encourage the private sector to invest in production and use renewable energy.
• Efforts should be made to modify the overall energy mix.
• Policymakers should encourage and make more strong environmental regulations to introduce more enhanced environment-related patents in the market.
• More resources should be allocated to make different sectors of the economy energy efficient so that sustainable development can be achieved.
• It is noted that in quantile regression, renewable energy is not significantly related to carbon intensity. To improve the impact of renewable energy consumption government should offer capital subsidies on renewable energy so that initial investments can be offset and more firms can try to develop or use renewable energy. (Özcan and Yıldırım, 2018). also, suggest that to enhance the use of renewable energy. Another way is to boost the investment in renewables through Feed-in-tariff. In this way, small producers will be encouraged to produce renewable energy making it less costly and promoting its use. It is also found by (Yang et al., 2021) that FIT is a much better strategy in terms of expected output and lower price.
• The government should encourage and support the use of energy-efficient technologies, which can be done through different policies and programs for public facilities and government operations. For this purpose, energy-related data management is essential. Also, building standards for energy efficiency for public buildings are a good option.
• Government should make sure that enough energy appliances and vehicles are available for public use so that carbon intensity due to the transportation sector can also be reduced.
• At the government level, renewable energy and energy-efficient operations and maintenance activities should be promoted.
• Tax credit for renewable energy production is also a valid option to promote the production of renewable energy from biomass and solid wastes.
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