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Overview

Kingdom of Saudi Arabia (KSA) relies exclusively on oil and natural gas as its primary energy sources. In 2014, oil contributed 142 million tons oil equivalent (Mtoe) and natural gas 97.4 Mtoe. Current annual growth of oil consumption is 3.9%, making the Kingdom of Saudi Arabia (KSA) among the world’s sixth-largest oil consumers; it domestically consumes a quarter of its crude oil and natural gas production. In 2010, Khalid Al-Falih, the Minister of Energy, Industry and Mineral Resources of Saudi Arabia and Chairman of Saudi Aramco warned that, even with production increases, KSA’s oil export capacity might fall by 3 million barrels/day by 2028, if rising domestic energy demand is not curtailed by adopting more energy efficiency practices. Similarly, a number of studies show that, on a business as usual (BAU) trajectory, the KSA is on a path to becoming a net oil importer by the 2030s. This drastic paradigm shift would substantially impact government revenues and global energy governance. Furthermore, more than 89% of the government income is derived from oil revenues.  Electricity and water desalination sectors represent 42% of total primary energy consumption in the Kingdom and are growing faster than the national gross domestic product (GDP). The 2014 BP Statistical Review of World Energy 292.2 billion kilowatt hours (kWh) of electricity generation in 2013, 7% more than in 2012 and double the electricity generated in 2000. Although KSA has the potential to be a major exporter of solar with solar capacity estimated to be nearly 12, 457 TWh, enough to power KSA for 72 years, the expansion in renewable energy development remains inadequate and a full dependence on oil and gas in electricity generations continues. 
Understanding the challenges associated with decoupling crude oil from power generation in KSA or completely stopping using oil for electricity generation, reducing electricity demand, using natural gas only to balance energy demand and supply, and implementing renewable energy economy, using a holistic Integrated Resource Strategic Planning (IRSP) designed specifically for KSA, have the potential to bring significant economic, social, and environmental benefits. For instance, decoupling power generation from crude oil will exert pressure on the KSA to import natural gas or cease lucrative exports of it. The recently agreed landmark “Paris Agreement” adds another layer of clean power generation requirements. Nonetheless, demands for carbon credits driven by progressively ambitious contributions that are nationally-determined, as per the Paris Agreement, give carbon markets a much-needed international support which should make them appealing to highly dependent crude oil markets that are considering transitioning to a cleaner energy future, such as KSA. Accordingly, KSA will be able to implement a price on carbon emissions that is sufficiently high to promote investments in sustainable low-carbon technologies and realize significant CO₂ reduction yielding revenue. This paper shows that KSA has a great potential to be a major solar energy exporter in the future. 
Methods

Addressing the power-and-water-sector (PWS) challenges highlighted above require integrated and holistic methodological assessment. Key elements of the methodology applied include: (1) creating a comprehensive integrated resources strategic plan (IRSP) designed to address the unique characteristic of PWS in KSA; and (2) joint energy-water development strategies. Hitherto, this paper gives a systematic unique IRSP model of the PWS in KSA as basic steps to analyzing how much new generation capacity may be needed, which generation resources (e.g. solar, natural gas, nuclear) are applicable, how transmission systems should be expanded, the expected losses from these transmissions and in which geographic areas these requirements will be concentered. IRSP provides the best resource planning method for joint PWS and energy-water analysis at the national level taking into account the overall supply-side and demand-side resources, and the needs for a cost effective and energy efficiency plan. Integrated energy software (PLEXOS)
 , developed by Exemplar, is used in the optimal system modelling and design of the Kingdom’s electricity and water resources and the simulations of the electricity market.
Results
The paper summarizes the major cumulative benefits of renewable energy transition scenarios against the BAU scenario, i.e. economic, environmental, energy consumption and social benefits from 2017 to 2040. For instance, High Renewable Energy Sources (RES) scenario has been modelled, in which a target is set to supply 75% of electricity in PWS from renewables.  In comparison with the BAU case, the levelized cost of reaching the modelled High RES scenario is about $71.4/MWh (around 30% average reduction in electricity costs in year 2040). The net present value (NPV) total cost is 32% less than the BAU scenario. Environmentally, CO2 emission is reduced by 78% while fuel consumption is reduced by 76% for these cases. For example, in the high RES case, the fuel displaced by deploying RES is calculated to be more than 10.5 billion barrel of equivalent oil (BOE) for the period between 2016 and 2040. The large investment in renewable technologies allow for higher oil exports. For example, the NPV of oil revenues exceeds $370 billion from exporting this displaced fuel in High RES Case based on U.S. Energy Information Administration (EIA) reference projection of fuel prices.  KSA will be able to implement a price on carbon emissions that is sufficiently high to promote investments in sustainable low-carbon technologies and reward companies that produce more efficiently. In comparison with the Frozen scenario, we estimate greater CO₂ reduction yielding revenue of more than $72 billion by the end of 2040 assuming a $33.7 per ton of CO₂carbon price rate (which is the highest carbon price realized in 2008 under the EU Emission Trading System (EU TES). Based on benefits-cost analysis, RES scenarios are found attractive even if the electricity is priced based on the current subsidized prices and fuels are priced based on international prices. Relative to the BAU case, the jobs created increase by 3 times in energy efficiency case and nearly 6 times in the RES case, supporting the country strategy on economic diversifications. For example, high RES would create 2.9 million jobs for the period between 2017-2040. As a vital part in IRSP analysis is performing sensitivity analysis on different variables likely to pose major impact on the results. This paper revealed that RES scenario is still attractive even with the variation of most influencing variables such as fuel prices and discount rates.
Conclusions

KSA is highly dependent on crude oil and refined petroleum products for electricity generation. This would not change without a major paradigm shift that includes oil for natural gas fuel substitution, and energy efficiency and renewable energy investments. In this regard, the current policy, finance and energy market incentives are inadequate to support electricity market repositioning towards a sustainable energy transition. With the power sector consuming the largest energy in the country, an optimal energy system design is necessary to realize efficiency gains. The analysis of the BAU case in this paper shows that fuel consumption will increase to 3.6 million barrels of oil equivalent per day (MBOED), in 2040. In the High RES, 0.5 MBOED of natural gas is only consumed in year 2040, which is 67% lowered than the current fuel consumption. All other oil products are eliminated from the fuel mix. Such reduction would help KSA to continue in its unique role as a global energy supplier and avoid a high price volatility in the world markets. To achieve the objectives of this study, a national energy program is proposed to develop a comprehensive national energy strategy based on IRSP results. This program should have effective mechanisms to ensure compliance, including goals, policies, programs and timetable for executions. 
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