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Overview
Coal is set to remain a major source of primary energy in the future. It is cheap compared to renewables and relatively abundant compared to the other fossil fuels oil and natural gas. Coal plays a significant role in the development of the two Asian giants China and India. But coal is also the biggest emmiter of carbon dioxide per unit of energy generated and future climate and carbon policy will have an impact on coal use. We use a numerical model called COALMOD-World (Haftendorn et al., 2010) to explore four different scenarios of future climate policy: a worldwide climate policy scenario, a European only climate policy scenario, a supply side limitation policy scenario and a carbon capture and storage (CCS) fast roll-out scenario. 
Methods
The COALMOD-World model includes all major steam coal producers, consumers, exporters and importers and represents the international trade as one globalized market. More specifically, we include Australia, South Africa, Indonesia, the U.S., Colombia, Venezuela, Poland, Ukraine, Russia, Kazakhstan, Vietnam, China and India as producers in the model. On the consumption side, we include all major demand centers in Europe, North America, Africa and the Asia-Pacific basin. 
We include those players in the COALMOD-World model that are relevant in the export market and those in the domestic markets that interact with the international market, similar to the European and World Gas Model (Egging et al., 2008; Egging et al., 2009). More precisely, we include coal producers, exporters with the relevant production and transport infrastructure, as well as demand in the producing and the importing countries. Demand can be satisfied from domestic and from imported coal. This is an extended scope compared to the coal trade model in Haftendorn and Holz (2010). In order to account for different qualities of steam coal that are traded in the international market (e.g, bituminous and sub-bituminous coal), we convert the produced, traded and consumed quantities in energy-equivalents, while at the same time observing the mass-specific constraints on production and export capacity. We model the development of the market until 2030. Thus, we include endogenous investments based on a net present value optimization approach and shadow pricing of capacities. Investments can be carried out in production, inland freight capacities (rail in most countries), and export terminals. COALMOD-World is an equilibrium model, formulated as a mixed complementarity model, and programmed in GAMS (Ferris and Munson, 2000). 
The data for the first scenario is mainly from the IEA (2008) World Energy Outlook where a global and aggressive climate policy is implemented and results in a lower coal demand and price inputs to the model. In the second scenario we implement a case where only Europe implements a strong climate policy and reduces its coal demand by 20% in 2020 and 30% in 2030 in comparision to the base case. The aim is to investigate potential leakage effects caused by this reduction in demand that could result in higher consumption in Asia through lower coal price and thus rendering unilateral climate policy ineffective. The third scenario takes a look at the effect of a possible supply side climate policy. This is a novel form of policy that was only adopted in the Yasuní–ITT project in Ecuador through which the country will refrain indefinitely from exploiting oil reserves under the Yasuni national park against international compensation (Finer et al., 2010).  The goals are to protect biodiversity, the indigenous population as well as avoiding carbon emissions. Indonesia, currently the most important coal exporter but also a megadiverse country could be a candidate for this type of agreement, and we want to see what effect this type of supply restriction could have on the global trade and consumption. Lastly we consider a scenario where the successful development of the CCS technology allows for a fast roll-out in developed countries starting in the year 2020. The increased demand may be beneficial to the climate in two ways: parts of the CO2 emissions are captured and sequestrated and higher demand may lead to higher prices with a dampening effect on demand. 
Results
The results for the global climate policy scenario show an important effect on trade. Global trade collapses after 2020 and we see the emergence of three regional markets: one American with Colombia supplying to the US, an Eurasian market with Russia supplying Europe, and a regional Asian market.
Table 1: Results and comparision of the base case with the European Unilateral Climate Effort scenario. 
	Year
	Aggregate
	Base Case

(Mt)
	European Climate
 Effort (Mt)
	Absolute

change (Mt)
	Percentage

change

	2020
	Imports EU
	151
	125
	-26
	-17%

	
	Consumption Asia
	2845
	2853
	+8
	+0.28%

	2030
	Imports EU
	115
	84
	-31
	-27%

	
	Consumption Asia
	3103
	3112
	+9
	+0.29%


The results of the second scenario modeling a unilateral European climate effort are shown in Table 1. We can see that there is a leakage effect as consumption in Asia is driven up by the lowering of European demand. However if we look at the absolute value there is no zero-sum effect of overcompensation: even a unilateral European climate effort has beneficial effects on the global carbon emissions. 

The results of the third scenario of a supply limitation policy alone has some effect in reducing consumption in Asia through higher price but this effect is not very strong. However we show that this type of policy can be combined successfully with the European Unilateral Climate Effort to suppress the leakage effect by influencing both the supply and the demand side of the market.

The fourth scenario of a fast deployment of CCS after 2020 has positive effects on emissions reduction. As we expect CCS deployment first in Europe, trade flows to Europe will increase and prices will increase not only in the Atlantic basin, but also in the Pacific basin (via Russia and South Africa that supply into both basins). This in turns influences and lowers consumption in these countries.
Conclusions

We have used the COALMOD-World model to implement four scenarios each representing a different type of a future implementation of climate policy. The model allows us to analyze the effects of climate policy on the future international steam coal trade and market and to see how market reactions may work in the same direction or against climate policy goals. Trivially, the optimal solution is to implement a global climate policy. However we show that a unilateral European climate policy with coal demand reduction, or the implementation of CCS in developed countries only will still have a positive effect. Supply side limitations types of policy like the Yasuní-ITT initiative can also make a significant contribution to reach global emissions target goals.  
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