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Overview
The growing world energy demand includes a sustained demand for coal, especially for electricity generation. Increasing research efforts in “carbon-free” electricity generation also indicate that the role of coal is likely to remain important.
This paper addresses the international trade of steam coal (the coal type used for electricity production). International trade provides a significant share of the steam coal consumed, with around 70% for Germany and the United Kingdom and even 100% for Japan and Taiwan. We want to understand the structure of the international steam coal market and more specifically investigate whether some players exert market power. 

Within the sparse literature on the topic, the international component of the Coal Distribution Module of the US-American National Energy Modelling System (EIA, 2007) assumes perfect competition and thus does not address non-competitive trade patterns. Spatial equilibrium modeling was first developed by Samuelson (1952) and extended by Takayama and Judge (1964). These models were perfect competition models and thus the results often deviate from the actual trade patterns. This led Kolstad and Abbey (1984) to model imperfect competition applied to the international steam coal market of the early 1980’s. 
Methods
We develop a partial equilibrium model of the coal market. The base years for the data used are 2005 and 2006. The steam coal supply is modeled as a non-cooperative game in which the players are seven exporting countries facing the demand function of nine importing countries. The exporters maximize their profit in each importing country by choosing how much of the steam coal they produce and transport to sell to each importing country. The exporters’ activity is subject to two constraints: production capacity and export capacity of the coal export terminals (loading ports). 

We formulate the profit maximization problem of each exporting country and the equilibrium conditions as a mixed complementarity problem (MCP) which is programmed in GAMS. The MCP format is equivalent to solving the Karush-Kuhn-Tucker optimality conditions for a decision variable. 
Results
The model is simulated with two scenarios: perfect competition and Cournot competition. In Figure 1, we compare the results of the simulations with the actual trade pattern of 2006 with respect to the quantities. The results suggest that the perfect competition case is more realistic, indicating that producing countries do not exert market power. However, the simulation of perfect competition slightly over-estimates the imports and delivers less diversified sources of supply for the importing countries, implying that there are more influencing factors in reality than simple cost-minimization. We can think of security of supply concerns and diversification objectives that influence the trade patterns. Japan is the largest individual market importing from several supply countries. 
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Figure1: Imported quantities in the perfect competition (PC), Cournot scenario (CO) , and reference data (RE) in 2006, in million tons (Mt)
Conclusions

We show that the complementarity model based on countries as players can deliver realistic results and that the world steam coal market seems to be largely competitive. The apparent competitive characteristic of the market may be due to the relatively large number of exporting countries with little dominance by a single supplier. 
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						PC		CO		RE		PC		CO		RE		PC		CO		RE		PC		CO		RE

				Australia		75.68		18.52		67.38				5.47		0.93				2.96		0.77				3.61		0.07

				Indonesia		35.95		21.62		19.51				5.88		1.62				3.17		0.00				3.47		2.24

				South Africa		4.65		13.81		0.05		16.10		5.03		13.03				2.73		8.22				2.79		0.07

				Russia Baltic				6.06		0.00		5.10		5.16		16.83		21.47		2.81		7.50				1.53		0.36

				Russia East				6.29		7.16				0.29		0.00				0.24		0.00						0.00

				China				16.20		15.17				3.46		0.13				1.90		0.00				1.61		0.02

				Colombia				16.28		0.00		18.24		6.15		3.30				3.26		2.94		22.99		5.12		19.25

				USA				0.94		0.00				2.16		0.30				1.23		0.13						0.00
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				Japan		Taiwan		Korea		UK		Germany		USA		Spain		Italy		China

		Perfect competition		60.22		56.77		58.27		65.37		65.15		56.79		64.82		64.03		60.18

		Cournot competition		91.79		92.52		87.54		98.43		99.51		85.54		94.49		100.01		89.35

		2005 CIF prices		62.73		65		55.76		70.24		72.48		47.39		62.94		73.2		50.39
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profits

		

				Australia		Indonesia		South Africa		Russia Baltic		Russia East		China		Colombia		USA

		perfect competition		2866.014		2569.49		978.393		1036.494		324.279		1335.06		766.699		22.818

		Cournot competition		4249.003		4389.157		2014.612		1955.046		733.07		2966.972		1930.713		81.256

		Cournot competition				Aus   4249.003,    Indo  4389.157,    SA    2014.612,    RusW  1955.046

						RusE   733.070,    PRCex 2966.972,    Col   1930.713,    USAex   81.256

		perfect competition				Aus   2866.014,    Indo  2569.490,    SA     978.393,    RusW  1036.494

						RusE   324.279,    PRCex 1335.060,    Col    766.699,    USAex   22.818
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