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Overview
The Asia Pacific Energy Research Centre (APERC) is compiling the APEC Energy Demand and Supply Outlook 6th Edition for energy policy cooperation within the framework of the Asia Pacific Economic Cooperation (APEC) (APERC, 2016, forthcoming). The 6th Edition has three (3) Alternative Scenarios in addition to the Business-As-Usual (BAU) Scenario. The Alternative Scenarios include: the Improved Efficiency Scenario to achieve APEC’s Energy Intensity Goal, a 45% reduction by 2035 from 2005 levels; the High Renewables Scenario, which aims to reach APEC’s shared Doubling Renewable Energy Goal by 2030 from 2010 levels; and the Alternative Power Mix Scenario. The last scenario, unlike the former two (2) Senarios, does not have any clear goal or target except for a general consensus to transform APEC region towards becoming a low carbon. In framing this scenario, APERC discussed how to design the Alternative Power Mix Scenario, concluding that this Scenario should show a possible boundary for each APEC member economy’s potential power mix. In this process, the author proposed a triangular model, which can visualise a possible boundary for the power mix. This paper introduces this triangular model and examines the possibility to expand this triangular model into a tetrahedron model as an explanatory tool for ascertaining the parameters of optimal power mixes within countries that may not have domestic consensus for their respective power mixes.
Methods
[image: ][image: ]In order to delineate between the Alternative Scenarios, the total power demand and the share of renewable energy source for APEC’s power mix are determined by the BAU Scenario; the remaining major energy sources for APEC power mix are coal, natural gas and nuclear. Under the BAU Scenario, the power mix is determined by a cost minimisation principle and hence maximises coal within power mix due to its relatively low LCOE and existing high penetration. Thus, maximising coal within the Alternative Power Mix Scenario is addressed by the ‘Cleaner Coal case’ where new coal additions are Ultra Super Critical (USC), Integrated Gasification Combined Cycle (IGCC) and Carbon Capture and Storage (CCS). The ‘High Gas case’ addressed by both a 50% and 100% replacement of new coal developed in the BAU Scenario for gas. And the ‘High Nuclear’ case, which accelerates nuclear energy in  economies beyond their BAU plans. In order to confirm the forecasting process of which power source to maximise, a triangular model was presented (Diagram A), where any point in the triangle represents a possible combination of coal, gas and nuclear power sources. Please note the vertices of the triangule do not mean 100% share of power mix by coal, gas or nuclear sources. Then, the revised triangular model was introduced (Diagram B) in which four (4) criteria of desirable power mix were shown based on the following principles, Energy Security, Environmental Protections, Economic Efficiency and Safety. These criteria, called as ‘3E + S’, have been used to determine Japan’s Power Mix since 2011 (METI, 2015). It might be possible to simply calculate costs of energy security, environment and safety in addition to energy cost itself for each power source and to add all of them to identify a potential cost minimising combination of power sources as an optimal power mix. However, the costs of each criteria may differ for each economy depending on value-based decision-making, for example, minimising climate change, using existing natural resources, or safety concerns. Therefore, APERC decided not to develop an optimal power mix and instead evaluate possible parameters for the power mix options and the implications of higher shares of cleaner coal, gas or nuclear. 




Results
Under APERC’s modelling each APEC member economy has parameters for its non-renewables power mix, in order to pursue their individual optimal power mixes. In order to distinguish between cost calculations for simple cost minimisation efforts, a triangular model where each criteria is shown in the form of vector (Diagram C), is to explore and explain how to reach an optimal power mix for each economy(or country in general). Please note the peaks of the triangular represent 100% share of power mix by coal, gas or nuclear sources, as an extreme and remote presumption for the sake of simplification. Furthermore, the triangular model depicted in Diagram C should be expanded to include renewable energy, thus forming a tetrahedron model with a peak of 100% renewables (Diagram D). However, a three-dimensional model is difficult to comprehend intuitively, especially when vectors are added. Renewable energy is a preferred power source in most countries from energy security and environment viewpoints and the high cost drawbacks are improving with rapid technological development. Thus, most countries can decide its maximised use of renewable energy in power generation first, and then once the share of renewables is decided, for example, as 20%, the issue will be how to allocate the remaining 80% to coal, gas and/or nuclear sources. Geometrically, the tetrahedron model can be reduced to a triangular model again, but this time each peak of the triangle represents an 80% share of power mix by coal, gas or nuclear sources (Diagram C*). The triangle in Diagram C* shows a cross section of the tetrahedron model in cutting it by a plane surface parallel to the base and where the length of each vector can be adjusted to reflect the value attached to each criterion by countries.
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Conclusion
A tetrahedron model is presented as an explanatory tool for optimal power mix for countries that face difficulty in reaching national consensus for their respective power mixes.
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