IMPACT OF PRICE ON SECURITY OF LIQUEFIED NATURAL GAS SUPPLY-A SPATIAL OLIGOPOLY MODEL
Mingshan SU
Energy Science Building, Tsinghua University, Beijing 100084
mingshan@tsinghua.edu.cn
(1) Overview 
Competition is by nature imperfect and results in behavior that may be quite far from the ideal paradigm of perfect competition. Therefore, more and more researchers prefer to adopt game-theoretic model to study the interaction of stakeholders in natural gas markets. GASTALE model describes the European gas market in terms of two layers of companies on the supply side (suppliers and traders) along with consumers on the demand side (Boots et al., 2004). Gabriel, Kiet and Zhuang (2005) investigated the North American gas market and the impact of deregulation by means of a Nash-Cournot model. Egging and Gabriel (2006) simulated the short-term behavior of suppliers to the European gas market as Cournot players to analyze market power. These studies are about natural gas market of European or United States.
The target of this paper is to identify the impact of price on security of liquefied natural gas (LNG) supply in asian and pacific market. The combination of oligopolistic market equilibrium model and scenario analysis is applied for the study. Oligopolistic market equilibrium model is applied to analyze the interaction of market participates. Scenario analysis is applied to formulate storylines about market uncertainty in the model.
 (2) Methods 
The oligopolistic market equilibrium model built in this paper is a spatial oligopoly model, following the basic idea presented in Dafermos and Nagunary (1987) or Nagunary (1999). Participates in the model are Australia (AU), China (CN), Qatar (QA), and United States (US). Australia and Qatar are LNG sellers; China and United States are LNG buyers. We design 8 scenarios for this study, considering market uncertainty of Australia, Qatar, and United States, as shown in Table 1. We assume that linear price formation mechanism is applied in the two markets. Variational inequality approach and linearization decomposition algorithm is applied in implementation.
Table 1: 8 scenarios designed in this study

	Scenario A 
	AU sell 40% of LNG to CN and/or US; QA sell 40% of LNG to CN and/or US; US buys 40% of LNG from AU and/or QA

	Scenario B
	AU sell 40% of LNG to CN and/or US; QA sell 40% of LNG to CN and/or US; US buys 10% of LNG from AU and/or QA

	Scenario C
	AU sell 40% of LNG to CN and/or US; QA sell 15% of LNG to CN and/or US; US buys 40% of LNG from AU and/or QA

	Scenario D
	AU sell 40% of LNG to CN and/or US; QA sell 15% of LNG to CN and/or US; US buys 10% of LNG from AU and/or QA

	Scenario E
	AU sell 15% of LNG to CN and/or US; QA sell 40% of LNG to CN and/or US; US buys 40% of LNG from AU and/or QA

	Scenario F
	AU sell 15% of LNG to CN and/or US; QA sell 40% of LNG to CN and/or US; US buys 10% of LNG from AU and/or QA

	Scenario G
	AU sell 15% of LNG to CN and/or US; QA sell 15% of LNG to CN and/or US; US buys 40% of LNG from AU and/or QA

	Scenario H
	AU sell 15% of LNG to CN and/or US; QA sell 15% of LNG to CN and/or US; US buys 10% of LNG from AU and/or QA


(3) Results 
The results show that LNG supply to China is 3.34-3.59 MTPA (millioin ton of LNG per year) and LNG supply to United States is 1.62-2.66 MTPA in 8 scenarios in the study, as shown in Fig. 1. The explanation of low supply is that LNG price is high in equilibrium so that LNG is not competitive to other fuels, especially for power generation. For example, C.I.F. (cost, insurance and freight) price to China will be 9.49 US-$ per MMbtu (million British Thermal Units) in scenario H and LNG power in that price is not competitive to coal power or even to petroleum power in some instances.
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Fig. 1: LNG supply to China and United States in 8 scenarios 
 (4) Conclusions 
Our study shows that combination of spatial oligopoly model and scenario analysis could be applied for interaction analysis of participates in a regional LNG market. The equilibrium of spatial oligopoly model could be applied to predict the market supply. 
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