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Overview

Increasing energy demand raises more environmental concerns and therefore less polluting energy sources become more attractive to consumers. Global warming got attention around mid-20th century, which is caused by increasing concentration of greenhouse gases in the atmosphere, which does not recognize borders and makes it a global problem. To minimize the impact of greenhouse gases few policies had been proposed such as carbon tax, cap and trade, emission allowances and etc., which were materialized in some countries over the world. These policies aim to be incentify consumers to switch to cleaner energy sources and improved technologies. 
Natural gas is the most environmentally friendly fossil fuel, which is expanding its market share in the global energy market. Although it seems to be an attractive energy source, some researchers and politicians consider it as a transitional fuel to a cleaner energy future. In any case the amount of emissions generated from natural gas gets into the atmosphere and needs to be regulated as any other pollution source. To analyze the impact of carbon pricing under various scenarios for meeting a certain goals in terms of global emissions a game theoretic approach was applied and the World Gas Model (WGM) developed at the University of Maryland had been modified to count for environmental regulations in terms of carbon cost.  The World Gas Model is a long-term, game theoretic model of global gas markets with representation of Nash-Cournot market power originally based on a North American version of the model (Gabriel et al., 2005a, b) and eventually extended to a global version (Egging et al., 2009). For the United States, the forecasts presented in the Annual Energy Outlook (April 2009 ARRA version) were used. For Europe, the PRIMES model (European Commission, 2008) was used which provided consumption and production projections for the EU27. For the rest of the world, the World Energy Outlook (WEO 2008, IEA) was used. The WGM was then extensively calibrated to match these multiple sources for all countries/aggregated countries and years considered (2005, 2010, 2015, 2020, 2025, 2030). Current version of WGM is extended to year 2050, which is a very important factor for carbon related analyses in gas industry and for shale gas long term export analyses from US.
Shale gas availability in the U.S. was also considered and the WGM was expanded to count for production capacities from shale plays. This research is sponsored by LinkS (Linking Global and Regional Energy Strategies) funded by Norwegian government and by the U.S Department of Energy. LinkS is a multi-disciplinary project that combines world-leading global top-down climate related research and bottom-up regional energy system design by assessing regulations and policy instruments in a cross-national comparative perspective. The main objective is to develop an integrated decision support framework for more sustainable energy infrastructures applicable for both governments and industrial decision makers. 
Methods

Game theoretic model. The WGM includes the following market players: producers, traders (dedicated trading arms of production companies), pipeline operators, and consumers. Each of these players except consumers is modeled as optimizing their profits subject to engineering and/or consistency constraints. The traders are imbued with market power and the other players are price-takers. Gathering the Karush-Kuhn-Tucker (KKT) optimality conditions for all the optimization problems along with market-clearing conditions gives rise to the overall mixed complementarity problem.

Results

Results indicate that when producers face specific carbon costs by region, based on scenarios proposed by GCAM (dynamic-recursive model including numerous energy supply technologies, agriculture and land-use model, and a reduced-form climate model (GCAM, 2011).), the production and consumption levels significantly vary in some countries depending on the magnitude of the carbon dioxide cost while in others relatively no change is encountered. 

More specifically for U.S. when concentration of carbon dioxide equivalent emissions is set to be 650ppm in the atmosphere GCAM suggests to set the carbon dioxide as $4.8/ton for 2015, $7.2/ton in 2020, which goes up to $9.73/ton and $12.26/ton for 2025 and 2030 accordingly. Other two scenarios that consider 650ppm with no carbon capture and sequestration (CCS) and 650ppm with no carbon capture and sequestration with no nuclear energy supply suggested by GCAM indicate much stricter emission regulations and hence increased carbon costs. Based on these cases WGM output indicates that the production decreases in the U.S. compared to a Base Case where no carbon costs were introduced. In particular production in North America goes down for 4% and contrarily prices go up for 5%. Such analyses were conducted for all geographic regions in the world.

For the abundance of shale gas in North America the first thing realized was that by 2020 the rest of the world remains pretty much unaffected. In WGM the area of the U.S. is divided according to census regions. In particular for region 7 (Arkansas, Louisiana, Oklahoma, and Texas) observed percentage change for conventional gas production in 2020 is about -5.3%, for unconventional there is an increase which is about 25%. When considering abundance of shale gas in U.S. the biggest percentage increase when compared to the Base Case (where shale gas is not considered as a separate production source) is noticed in region 3 (Illinois, Indiana, Michigan, Ohio, Wisconsin) for unconventional gas production which is about 33%.
Recent analyses and additions to WGM allow to introduce carbon cost to specific players that are responsible for pollution of the atmosphere. This allows conducting more specific analyses for carbon cost regulations, policies and costs.
Conclusions

GCAM scenarios induce carbon taxes, which increase from one scenario to another in sequence. Inputting supplied data in WGM results indicate that North America has a 5% increase in prices as carbon tax increases across the cases while Europe shows a smaller (around 2%) increase.. Production goes down in Europe (about 2%) and in North America (about 4%) while production increases in the Former Soviet Union (about 1.5%). Consumption goes down all places slightly, but most dramatic is in North America (about 5%).
Without carbon cost consideration the shale gas availability in North America, leads to higher consumption (approximately 4.4% in 2030) and lower prices (approximately 10% in 2030) when compared to the Base Case. Since there is an abundance of supply it can be thought of this as the supply curve shifting to the right and the new equilibrium price being lower and the consumption being higher. Similar effect of for lower prices and higher consumption were also observed in 2020. For the most part an abundance of shale gas in the United States does not affect prices and consumption in Europe.
In contrast to the case of US shale gas availability in US, when the gas is being exported from US to Europe and Asia the prices of natural gas in those regions gets affected. In particular when contractual agrrements are enforced for shale gas exports from US, prices in US increase and in Europe it decreases. This has also an economic incentive which indicates that gas exported from US results to a higher profits for US producers. It is also found that the contractual agreements would be necessary for exports to be materialized from US. US gas exports were analysed by considering the export allowance granted to Chaniere.
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