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Overview
The expected development of shale gas resources is anticipated to have a tremendous impact on global energy market as well as U.S. energy market, if technological advancement, such as horizontal drilling in conjunction with hydraulic fracturing, becomes widespread in international gas market. Significant investments in preliminary leasing activity in many parts of the world imply that enormous international potential for shale gas[1] could change long-term trend of global energy markets. This paper describes the analysis of shale gas impact on international energy demand and supply, employing regionally-disaggregated world energy model. The energy model in this paper is bottom-up type model which minimizes discounted world total energy system cost to 2050 under a series of energy and technological constraints. The shale gas impact is investigated under several scenarios concerning shale gas cost and global CO2 emissions regulations.
Methods

A regionally-disaggregated world energy model, called Dynamic New Earth 21 (DNE21), is an integrated assessment model that provides a framework for evaluating the optimal energy mix to stabilize low atmospheric carbon dioxide (CO2) concentrations[2]. This model features a detailed representation of regional treatment, nuclear, renewable energy and other technological constraints. In the model, the world is divided into 82 regions or countries with several large countries such as the United States, Russia, China and India divided into several sub-regions as shown in Fig.1. The model seeks the solution that minimizes the total energy system cost in multiple time stages for the years from 2000 to 2050 at ten-year intervals under various kinds of energy and environmental constraints, such as amount of resource constraints, energy supply and demand balance constraints, and CO2 emissions constraints. The model is formulated as a large-scale linear optimization model, of which the number of the variables is more than 16 million and that of constraints is 24 million. The shale gas impact is investigated under several scenarios concerning shale gas production cost curve (base scenario, technological advanced scenario) as explained in Fig.2 and CO2 emissions regulations (no CO2 regulation scenario, CO2 regulation scenario which halving global CO2 emissions by 2050[3]).
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	Fig.1 Regional disaggregation and transportation routes
	Fig.2 Production cost curve of shale gas in the world


Results

Simulation results explain that technological advancement encourages shale gas production continuously to 2050 both in no CO2 regulation with mainly replacing coal and conventional gas, and even in CO2 regulation scenario with substituting nuclear and renewable energy. This shale gas growth mainly reflects on fuel switching in power sector. The results that CO2 regulation encourages shale gas production ensure the effectiveness of shale gas as carbon mitigation measure. In Tech. Adv. Scenario #2 assuming significant cost reduction of shale gas production, its share in world primary energy mix at 2050 will account for 15% in no CO2 regulation and for 8% in CO2 regulation as illustrated in Fig.3. And Fig.4 shows that shale gas growth is observed particularly in North America, China, South America and Middle East. Since massive shale gas increase will be expected in large gas consumed countries such as Northe America and China, shale gas enhances self-sufficiency of gas market and significantly decreases international LNG trade. In no CO2 regulation scenario, global LNG trade in 2050 under Tech. Adv. Scenario #2 will decline by nearly 70% compared with base scenario. However, in a part of LNG import countries, such as Japan, LNG import shows moderate growth due to relaxation of international gas trade by shale gas resulting in decreasing marginal gas import price.
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	Fig.3 Primary energy mix in the world under each scenario
	Fig.4 Gas production under Tech. Adv. Scenario #2 assuming most significant cost reduction of shale gas


Conclusions

Derived from the above results, shale gas is considered to have an important implication on energy and environmental strategy in following three aspects. First of all, shale gas is expected to preserve existing competitive conventional fossil fuels and afford to use later in this century, mainly because shale gas replaces coal and conventional gas resources. Secondly, shale gas will spare enough R&D and commercialization interval for innovative technology and play a “bridge energy”, as production cost reduction enables shale gas to substitute nuclear and renewable technology. Third of all, shale gas growth contributes to mitigate the tightness of global gas market, particularly international LNG market, and enhances the affordability of LNG in its import country. In third point, however, it should be noted that in most cases, LNG price is actually determined with a specific formula, such as  "Japanese Crude Cocktail", the average price of the top twenty crude oils by volume into import country, and thus, it remains uncertain whether shale gas will actually afford lower price of LNG in its import country. Under current growing uncertainty of nuclear development, however, shale gas is expected to alternatively play a significant role to address energy security and environmental concern.
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