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Overview

Based on a variety of export-oriented industries including oil and gas, the Kingdom of Saudi Arabia has the largest industrial sector in the MENA region. Since the launch of the Vision 2030, the government of Saudi Arabia has successfully implemented enormous initiatives and structural reforms, including financial and administrative support to the industrial sector for economic transformation.These include a well-developed infrastructure, high-quality utilities and a well-established logistics network, enhancing local content, and the establishment of the SIDF (Saudi Industrial Development Fund) that has promoted industrialization. Another important initiative was the National Industrial Development and Logistics Program (NIDLP), which the Saudi Arabian government took in 2019 to achieve the goal of economic diversification towards sustainable growth by promoting a globally attractive investment environment in the country. 
Industrial sector is the largest sector of Saudi Arabia’s economy and has played a vital role not only in the strengthening of the economic growth but also in generating employment opportunities in the country.  The industrial sector has experienced rapid growth over the last five decades. The industrial value added in Saudi Arabia increased sharply during 1970-2021.  In 2021, industrial value added (at constant 2015US$) was US$278 billion, which is 3.5 times the level of the 1970s, and the corresponding growth rates were 5% over the same periods (WDI 2022).  However, the fluctuation was observed in the share of the industrial sector in total GDP. The average share of industrial value added in GDP was 68% in the 1970s and it reduced to 53% in the 2020s (WDI 2022).   
Total energy consumption in Saudi Arabia's industrial sector grew rapidly during the period 1990-2019, with an annual growth rate of 8.3%. The natural gas and heavy fuel oil (HFO) are the main fuels consumed by Saudi Arabia's industrial sector.  Between 1990 and 2019, the average annual growth rate of natural gas was 10.5%, fuel oil 6.8%, and electricity was 14.2%. The industrial sector of Saudi Arabia accounted for about 50% (Alarenan et al. 2020) of total energy consumption. Based on the proposed economic diversification strategy in Saudi Vision 2030, it seems likely that Saudi Arabia's industrial sector will continue to grow rapidly for a long time, owing to the high demand for energy. Therefore, the industrial sector, as a major energy consumer, has a much stronger incentive to switch to alternative fuels. 
An investigation of substitution between different energy sources in industrial sector of Saudi Arabia is important for at least two reasons; first, because of the opportunity cost of domestic oil consumption in the industrial sector, and second, from an environmental perspective. Because the consumption of different types of energy is associated with different levels of emissions. Substitution between fuels is an important topic of research as governments around the world seek to implement policies to reduce carbon emissions from certain type of fuels.
Because of its unique geographical and climatic location, Saudi Arabia has an impressive natural potential for solar and wind power, making the use of renewable energy sources economically attractive. In this regard, Saudi Arabia has initiated several projects to diversify the country's energy resources and improving its energy mix.  
The potential for inter-fuel substitution between oil, gas, and electricity in Saudi Arabia's industrial sector is a worthy research topic in the context of economic and environmental importance, as well as renewable energy resources.
Reducing dependence on oil in industrial sector in favor of other energy sources has important implications for Saudi Arabia's economic growth, oil exports and environment.  
Methods

To estimate energy demand elasticities, the standard approach in the energy economic literature is use a trans-log cost function. In this study, we use a log linear trans-log production function which is a second order Taylor Series approximation to investigate the extent of inter-fuel substitution between natural gas, fuel oil, diesel oil , and electricity in the industrial sector of Saudi Arabia over the period1990 and 2019. A trans-log production function, which describes the relationship between output and input from various productive factors, can be expressed in general function form as follows:

Where, y is log of industrial value added, β0 represent the intercept, xi and xj represent inputs i and j respectively in natural logarithmic form. βi and βij are technologically determined parameters.  The fundamental assumption is that there exists a twice differentiable trans-log production function that relates industrial value added to capital, labor, and energy inputs (natural gas, fuel oil, diesel and  electricity). According to Pavelescu (2011), the trans-log functional form allows one to avoid assumptions like perfect competition or perfect substitution among inputs. The presence of quadratic terms also allows for nonlinear relationships between the output and the inputs. These features make the trans-log production function attractive to researchers because it is more flexible than other functional forms. We have square terms of the independent variables and cross products of various input variables in the trans log function, so there is a possibility of multicollinearity between the independent variables. In order to avoid the possibility of multicollinearity among the independent variables, we employed the ridge regression approach for estimation following Smith et al. (2011). Based on ridge estimation, we have calculated the output elasticity and substitution of alternative energy inputs. 

Results

The estimation results show that the output elasticity for natural gas, diesel, fuel oil, and electricity are all positive, but the output elasticity of diesel and fuel oil has been inelastic over the period, while natural gas has been elastic in recent years. Output elasticity of electricity is elastic over the study period. The elasticities' ranking has remained constant over the estimated period. In Saudi Arabia's industrial sector, output elasticity of  fuel oil is the most inelastic, followed by output elasticity diesel, natural gas, and electricity. The  estimated output elasticity of of diesel and fuel oil has remained relatively constant over time, while the output elasticity of natural gas and electricity has increased. 
The elasticity of substitution is greatest between diesel oil and electricity, then between electricity and fuel oil, and finally between electricity and natural gas. All substitution elasticities have remained constant over time, except for the elasticity of substitution between diesel and fuel, which has fluctuated over time.
Conclusions

In this paper, a trans-log production function model is developed to investigate the elasticity of inter-fuel substitution between natural gas, diesel, fuel oil, and electricity in Saudi Arabia's industrial sector. To estimate the function's parameters, a ridge regression procedure is used. We find positive output elasticity for all energy inputs, indicating that there is an increasing return in the use of these energy inputs in the Saudi industrial sector over time. This finding supports the widely held belief that energy acts as a catalyst for growth. 
The results show that the substitution possibilities between natural gas and electricity, diesel and electricity, and fuel oil and electricity are relatively higher. These findings highlight the potential for the Saudi industrial sector to switch away from greenhouse gas emitting fuels like fuel oil and diesel toward electricity. Given that the substitution elasticity of fuel oil-electricity and diesel-electricity is the greatest among those observed in this study. Therefore, these findings provide general insights and highlight the importance of policies that focus on renewable electricity installed capacity. Models for forecasting future energy demand in the industrial sector can use the inter-fuel substitution elasticities obtained in this study to be more reliable.





