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Overview

In the last decade, the USA has seen an unexpected increase in natural gas production. Between 2005 and 2013, production has increased by more than a third, exceeding the all-time record levels set in the early 1970s. This rise in domestic production has been almost entirely driven by a boom in shale gas extraction, as technological advances and the combined use of horizontal drilling and hydraulic fracturing have allowed for the economic production of natural gas from shale formations. Despite current low natural gas prices, production is seeing further increases. This recent rise has changed projections on US natural gas production and the US trade balance. Instead of largely relying on foreign natural gas supply, as envisaged less than a decade ago (e.g., EIA, 2005), the USA is now projected to become a significant exporter of Liquefied Natural Gas (LNG; e.g., EIA, 2014).
While partly backed by realized production growth, there are three reasons why it is questionable that the current US shale gas boom can continue. First, there is uncertainty whether the underlying estimates of shale gas resources will prove accurate. Estimations crucially rely on assumptions about the potential area of shale gas production, on well spacing and well productivity—all factors that are highly uncertain. Second, resource estimates describe the technical potential, not the economically producible amounts of shale gas. Given the global abundance of conventional reserves, it is yet to be determined to what extent US shale gas can compete on the international market. Moreover, the driving forces of the current high production level are of a short-term nature, such as the shift to shale gas plays that are most productive and rich in Natural Gas Liquids (NGL). Finally, ever more wells need to be drilled, affecting a large area of land. Following potential adverse environmental effects, a fall in public acceptance and a tightened regulation may impede further increases in shale gas production.
In light of these arguments, I investigate the implications of alternative developments of US natural gas production on the US market and on global trade flows in natural gas. To this end I make use of the Global Gas Model (see Egging, 2013); a large-scale partial equilibrium model that allows the analysis of trade flows and infrastructure expansions along the natural gas value chain.
Methods

Based on a thorough literature and data review the arguments are critically assessed that are in favour and against the sustainability of the current US shale gas production boom. To contrast the general optimistic expectations, I investigate the implications of alternative production paths by means of a partial equilibrium model of the natural gas sector. The Global Gas Model simulates natural gas production, consumption and trade patterns and determines infrastructure needs to accommodate these. The entire value chain of the natural gas sector is modeled by representative profit maximizing agents, namely producers, traders, transmission and storage system operators (TSO and SSO). Moreover, seasonality and market power exertion by selected traders is included. One distinguished feature is the endogenously determined expansion of storage and transportation capacity. The model is set up as a mixed complementarity problem (MCP) and solved using the PATH solver by means of the software GAMS.
While the Base Case is calibrated to meet the New Policy Scenario of the World Energy Outlook 2012 (IEA, 2012), two scenarios focus on US shale gas production: one scenario (Low Shale) is defined along a strong reduction in shale gas production as of 2015; the second scenario (Constant Shale) is derived by maintaining shale gas production at the level projected for 2015. These simulations particularly serve to investigate the implications of US shale gas production on the US market, on international trade of natural gas and subsequent infrastructure expansions. 
Results
A reduction in US natural gas production, relative to the Base Case, leads to three partial effects. First, US consumption of natural gas is lower compared to the Base Case. Second, the international patterns of trade in natural gas change; flows may be diverted toward the USA and lead to lower consumption levels in other world regions. Third, and finally, production levels outside the USA increase, partly offsetting the drop in US production.
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In both scenarios, one can observe a decoupling of production and consumption levels. Instead of being a net exporter as in the Base Case, US imports substantially increase to more than 200 bcm in 2040 in Low Shale, thereof 118 bcm by LNG imports.
Hence, only a part of the production difference between the two reduced shale scenarios and the Base Case is borne by a reduction in US consumption levels. For instance, in Low Shale, although US production in 2040 is 420 bcm lower than in the Base Case, consumption only is 179 bcm below the reference value. While natural gas consumption outside the USA decreases strongly (192 bcm), production outside the USA in 2040 is 59 bcm higher than in the Base Case. This increase mainly occurs in only a few countries, namely Canada, Qatar, Nigeria and Algeria. Russia, in contrast, cannot significantly increase its production due to reference production close to capacity limits. Nevertheless, by reducing its domestic consumption Russia can increase its exports.
Global natural gas trade flows are altered and North America becomes a major importing LNG region next to Asia-Pacific and Europe in Low Shale. While exports from Australia, Russia and the Middle East to Asia are stable across scenarios, a significant part of African exports is redirected towards North America. Similarly, the main destination of exports from South America is shifted from Europe to the USA.
Conclusions

There are at least three reasons why a cautious evaluation of future US shale gas production is necessary. First, estimates of shale gas resources are highly uncertain with controversial assumptions on the potential land area for production, well spacing and productivity of wells. Second, it is unclear to which extent US shale gas can be produced economically. Third, public acceptance may drop, followed by a tightening of regulation.
This paper discusses these issues and investigates the implications of a less optimistic development of US shale gas production by means of numerical simulation. Natural gas production outside the US may only partly compensate for lower US shale gas production. However, US consumption of natural gas stabilizes by attracting increased imports, while consumption in other countries will be lower than in the Base Case. LNG trade flows from South America and Africa will be redirected toward the USA, while Asia and Europe have to rely on pipeline imports to a greater extent.
In particular, the investment options of liquefaction and regasification facilities are heavily influenced by future US shale gas production. Current expansions of LNG export infrastructure will only be needed if US shale gas production continues its fast rise; the licensing process should be adjusted in light of the discussed uncertainties. In contrast to the current debate on US export capacity needs, the US LNG import infrastructure in place may well be utilized and even extended if shale gas production cannot meet the hopes pinned on it.
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