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Overview
Cement production in Saudi Arabia surged in the first half of the 2010s due to the country’s rapid economic development. It has slowed measurably in recent years as economic growth has declined. Still, it ranks among the top-ten countries for existing cement kiln capacity. The Saudi cement industry has relied on crude oil, heavy fuel oil, and natural gas to produce clinker, a key cement ingredient. 
The Kingdom is pursuing the reduction of domestic oil use in the industrial, electric power, and water sectors. Energy price reform, as detailed by Saudi Vision 2030, is intended to induce most large-scale consumers of crude oil and diesel to look elsewhere to fuel their electricity generation and industrial manufacturing processes. TDF and petroleum coke are fuels that local cement producers could consider when displacing their liquid fuels use.
In this paper, we examine the prospects for the use of scrap tires and petroleum coke as supplemental fuels in the Saudi cement industry. Moreover, we look at the impact of different carbon pricing schemes on the decisions made by the Saudi cement industry. This paper assesses the effectiveness of policies to encourage the adoption of these alternative fuels in Saudi Arabia.

Methods
We employ a variant of the cement manufacturing optimization model in the KAPSARC Energy Model. The cement model is mostly described by KAPSARC (2016), with modifications to include tire-derived fuel (TDF), petroleum coke, more pollutant emissiona, and carbon pricing in this paper. The optimization is formulated as a linear program that is run in a perfect foresight fashion. Its objective function maximizes the profit of the entire industry. Four regions of Saudi Arabia are represented, allowing for the interregional domestic transfer of cement. The sector may either import product or produce cement for domestic use or exports. The model makes fuel use, other operational and investment  decisions to maximize its profit. As such, it takes the central planner approach.

In addition to establishing a reference using the set of current policies, we examine three policy scenarios looking at the use of alternative fuels, the prospects of retrofitting support for cement plants, and easin price controls on fuels. We assess the investment and operational decisions made by the Saudi cement manufacturers, and the resulting emissions profiles for CO2 and pollutants.

Results
Some 95 million metric tonnes of TDF are used from 2019 to 2025 if fuel prices are kept the same. Having external financial support for the incremental investment required to use TDF raises its use by a factor of four over the planning horizon. This support does not, however, yield significant reductions in the marginal cost of production. TDF is only used to its full capacity in the Retrofit Support and the Liberalized Fuel Prices scenarios. It is not used when liberalized fuel prices are paired with carbon pricing schemes. Gradual carbon pricing brings about different intertemporal production decisions and large amounts of cement storage compared to the other scenarios. This intertemporal arbitraging is expected from cement producers if governments specify any kind of future gradual reform. Priced at the value at which Saudi exports it, petroleum coke is only used when fuel prices are liberalized.



Conclusions

Facilitating the use of TDF and petroleum coke would help alleviate the increased cost resulting from energy price reform without a carbon price. The marginal cost of producing one extra tonne of Portland Type I cement would be reduced by about 40% compared to a price liberalization scenario that bars the use of TDF and coke. 

All scenarios without carbon pricing produce 340 million tonnes to 380 million tonnes of total CO2 emissions from 2019 until 2025. The advent of a constant carbon pricing scheme and fuel price liberalization results in 280 million metric tonnes of CO2. When both fuel prices are liberalized and a gradual carbon price is in place, 390 million metrics tonnes of CO2 is produced. This is due to the production of large quantities of cement and storing it for future years when the carbon price is highest.
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