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Overview
Seven of the member economies of the Asia Pacific Economic Cooperation (APEC) forum are located in Southeast Asia.[footnoteRef:2]  In 2020, these economies had a population of 590 million and accounted for over 90% of the region’s energy use.  These seven economies are widely expected to achieve rapid economic growth over the next three decades.  Their energy use is also expected to grow rapidly.  Although most have committed to ambitious energy efficiency and decarbonization strategies, the APEC Energy Demand and Supply Outlook 8th edition (APEC Energy Outlook) projects their total energy requirements will still grow by 76-112% between 2020 and 2050.  In addition, their need for on oil and natural gas is also expected to remain substantial throughout the period.  Quantifying the energy security risks associated with their growing energy use and continued import dependence will be beneficial to these governments as they work to craft balanced policies to achieve simultaneously their economic, environmental, and energy security goals.   [2:  Brunei, Indonesia, Malaysia, Philippines, Singapore, Thailand, Viet Nam
] 

This paper will quantify the costs of potential future oil and natural gas supply disruptions using estimated values of those key parameters that determine the economic costs of fuel supply disruption.  When weighted by the likelihood of future supply disruptions, economies in Southeast Asia can use these cost estimates to evaluate the benefits of programs designed to enhance energy security.
Methods
Energy security, resilience, and grid reliability refer to the provision over time of uninterrupted energy supplies to consumers at a reasonable cost regardless of supply disruptions caused by natural and man-made disasters.  Because modern economies demand substantial quantities of energy and that demand is relatively price inelastic, supply disruptions can impose substantial costs on an economy.  Depending on the characteristics of an economy’s energy system, changes in energy demand, import dependence, and the mix of energy types (fuels, electricity) can impair or enhance energy security, resilience, and grid reliability.
The following formulation describes the key drivers of the costs of a supply disruption in fuel f to economy e:
Cost = f ( Qf, If, Rf, Ed,e, Es,e, Ed,g, Es,g ), where: 
Qf   =  quantity of fuel f in in economy e
If     =  quantity of fuel f  imported into economy e
Rf   =  strategic reserve (stockpile) of fuel f
Ed,e = demand price elasticity of fuel f in economy e
Es,e =  supply price elasticity of fuel f in economy e
Ed,g = global demand price elasticity of fuel f
Es,g = global supply price elasticity of fuel f

The APEC Energy Outlook provides estimates of the total consumption and import quantities of each fuel in each economy’s energy mix from 2020 – 2050 for two scenarios: a Reference (REF) case and a Carbon Neutrality (CN) case.  The Reference (REF) scenario is based on recent trends in APEC energy consumption, production, and trade, and assumes continuation of currently enacted policies. The Carbon Neutrality (CN) scenario explores hypothetical pathways for each of the 21 APEC member economies to reach carbon neutral energy sectors. The Carbon Neutrality scenario (CN) explores additional energy sector transformations such as increased levels of energy efficiency, higher investment in renewable power generation, behavioural changes, fuel switching, and CCS deployment. The pathways are constructed based on the unique characteristics, policy objectives, and starting points of each economy. The CN scenario does not consider CO2 emission sinks, such as land-use or technologies like direct air capture.
The estimates of own-price elasticities for each fuel will be based on literature reviews.  The strategic stockpile estimates will come from public sources. 
Results
The seven APEC member economies in Southeast Asia are expected to be some of the most dynamic in the world over the next three decades. The APEC Energy Outlook calls for the aggregate GDP of this group to more than triple in real terms over the next 30 years (2018 USD PPP).  As a result, total primary energy requirements in these economies also exhibit substantial growth:  growing by 112% by 2050 in REF and by 76% in CN.
Due to growth in energy demand, oil consumption in Southeast Asia is expected to remain substantial even if ambitious decarbonization policies are implemented.  Over the next 30 years, oil consumption is expected to grow by 36% in REF.  In CN, oil consumption declines by only 17% from the 2020 level.  As a result of strong demand growth and declining indigenous oil production, the volume of net oil imports in Southeast Asia increases by 52% in REF and declines by only 5% in CN despite higher deployment of renewable power generation.  As a result, Southeast Asia is the only APEC region where oil import dependence increases: from 58% in 2020 to 74% in REF and 70% in CN. This high oil import dependence means that oil supply security will remain a top priority for Southeast Asia.  
In aggregate Southeast Asia is a net gas exporting, but starting in the mid-2020s, the region’s gas imports are expected to exceed its exports. The region’s transition from a net gas exporter to a gas importer brings new energy security risks. Over the next 30 years, Southeast Asia accounts for the second largest regional increase in net natural gas imports due to a decline in domestic gas production and fuel switching from coal to gas. The region goes from exporting 638 PJ in 2020 to importing 515 PJ in 2030. By 2050, imports increase an additional 10 000 PJ.  Even in CN, net gas imports in Southeast Asia follow an upward trajectory. In 2050, Southeast Asia natural gas import dependence is expected to be 61% and 55% in REF and CN, respectively.
In addition, to continued dependence on oil and gas imports for substantial portions of its energy supply, the region’s energy system will become less diversified and more brittle as the share of renewable power generation grows.  The associated reduction in supply and demand elasticity will also raise the economic losses associated with oil and gas supply disruptions, if and when they occur.
The estimated economic losses suffered by each of the seven APEC economies in Southeast Asia as a result of potential future oil and gas supply disruptions will be included in the final paper.  
Conclusions
The rapid economic growth and surging energy demand in the seven largest Southeast Asia economies will raise serious energy security concerns.  The growing dependence on oil imports in REF and continued substantial oil import dependence in CN and the growing dependence on gas imports in both scenarios will increase energy security risks for the region.  When these factors are combined with reduced fuel diversity and lower supply and demand elasticities the vulnerability of the region to energy supply disruptions rises.  The quantification of the costs of future oil and gas supply disruptions will assist policymakers as they work to strike the appropriate balance among programs designed to achieve their goals of economic growth, environmental stewardship, and energy security.
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