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I. INTRODUCTION

1. For a number of years, long-range energy forecasts have included pessimistic warnings about the confluence of rapidly dwindling oil and gas supplies and soaring energy demand. The thinking was that the global economy was going to have to manage ever worsening supply shortages that would permanently drive up energy prices even as they triggered a world-wide effort to unearth new sources of energy. This inspired a global push to include more sustainable sources of power into the energy mix, including solar and wind power. Renewables, of course, have the advantages of being both clean and strategically secure although, at least for the moment, they are also relatively expensive and are hindered by problems of intermittancy. The predicted long-term depletion of traditional oil and gas supplies also suggested that coal use would inevitably increase because it would remain both plentiful and relatively cheap although it is also environmentally threatening. Is rapidly changing energy market, governments, industry and consumers would be increasingly compelled to bolster energy efficiency to get the most powerout of the least fuel. 

2. 
These pessimistic forecasts, moreover, pointed to long-term economic difficulties, environmental hazards, and serious strategic vulnerabilities arising out of the growing dependence on oil and gas originating in unstable regions of the world. The Middle East was slated to remain the single most important source of global oil, but the Iraq war and very serious tensions with Iran demonstrated the region’s fragility and suggested that instability there could threaten global energy supplies and price stability. At the same time, Russia was entrenching itself as the single most important supplier of natural gas to much of Europe. While Russia has generally been a reliable supplier and will remain a central player in European energy markets for years to come, it nevertheless has demonstrated a propensity to use its powerful position in gas markets as a political and diplomatic tool—a practice that has compelled many in Europe to recognise that overreliance on Russian gas could compromise national security interests while leaving European economies theoretically vulnerable to monopoly pricing. Russia’s decision to shut off gas supplies temporarily to Ukraine, and by extension to a number of other Central European countries in January 2009, illustrated the risks of over-dependence on a single supplier. It is precisely incidents like this that have inspired several European countries to build LNG (Liquefied Natural Gas) receiving ports so that gas from elsewhere in the world could be shipped to Europe to help diversify the supply base and thereby reduce their vulnerability to monopoly pricing and unwanted diplomatic pressures. 
3. In short, up until several years ago the global energy security situation seemed slated to worsen, and this was reflected in a number of the IEA (International Energy Agency) global energy assessments. Supplies were tightening, demand was exploding, prices were set to rise permanently, the source countries were often problematic and experts claimed that the energy security outlook was growing ever more tenuous for many countries. 
4. But then, almost suddenly, these projections were cast aside because technological change had suddenly opened up vast new reservoirs of oil and gas that were previously seen as too expensive and too difficult to tap. Advances in hydraulic fracturing and horizontal drilling techniques suddenly made this vast energy accessible at far lower costs at a time when global energy prices were soaring (Krauss, 2013). 
5. The center of this activity has been in North America where both the United States and Canada have unearthed huge reserves of shale oil and gas, coal-bed methane, “tight gas” embedded in sand and rock, and, in Alberta Canada, oil deposited in bituminous sands, all of which were previously thought to be inaccessible at competitive prices. Production of this energy in the United States was virtually non-existent in 2000. But because profound technological advances have driven down the cost of accessing these reserves, today it produces roughly 10 billion cubic feet of gas per day (US EIA, 2013). Unconventional gas production grew at a rate of 48% between 2006-2010. According to some estimates, by 2035 the United States will produce 342 billion cubic meters of shale gas (Ernst & Young, 2011). Current estimates suggest that US shale gas will provide enough gas to supply the United States for the next 90 years (United States Department of Energy, 2009). The same hydraulic-fracturing revolution that is drawing gas out of shale formations is now also used to extract oil. Although the media has tended to focus on the explosion of gas production, it is the rapid rise in oil production linked to these new methods which is most dramatically changing the energy landscape. 
6. US oil production is up 20% since 2008 (Casselman and Gold, 2012) and grew more in 2012 than in any year in the history of that industry. Daily crude output in 2012 rose by 779,000 barrels a day from the year before and production hit levels that had not been achieved in 15 years. Production in 2013 is slated to increase by another 900,000 barrels a day at a time when slow economic growth and higher fuel efficiency standards have driven down oil demand in the United States. Some experts are forcasting that US oil production will rise to between 11.3 million and 16 million barrels a day by 2017 from the 2012 rate of 6.5 million barrels a day (Sakalaris, 2013). This production boom is occurring at a moment when US consumption has fallen significantly due to higher automobile energy use standards, greater corporate and consumer energy efficiency and the economic slowdown. The United States, which forbids crude oil exports (but not refined petroleum products) is exporting more surplus diesel and gasoline as a result. At the same time, Alberta’s oil sands alone are estimated to constitute the third largest oil reserve in the world. As a result of these trends, Exxon Mobil Corporation predicts that North America will become a net energy exporter by 2025 (Fowler, 2013). This could be a conservative estimate.
7. At the same time, the gas bonanza has dramatically reduced US importing requirements for LNG, slashed domestic gas prices in the United States, helped fundamentally change the national energy outlook and, along with the oil boom, is now beginning to recast a range of assumptions about the strategic landscape and US long-term economic prospects. The United States has recently overtaken Russia as the world’s largest natural gas producer and Saudi Arabia as the world’s largest liquid fuel producer, including crude, refined petroleum products like gasoline and other liquids like biofuels (Bird, 2013). These are monumental and unanticipated developments are rife with geo-strategic implications,
8. Although Canada and the United States are well ahead of other countries in tapping these reserves, there are also potentially significant shale deposits in many other NATO member countries as well as in Oceana and Asia. Albania, Argentina, Australia, Austria, Brazil, Bulgaria, China, Estonia, France, Germany, Hungary, Italy, Luxembourg, Poland, Romania, Russia, Serbia, Spain, Sweden, the United Kingdom and among many other countries are believed to have potentially significant shale deposits. The US Energy Information Administration (US EIA, 2013) estimates that ‘technically recoverable’ shale gas resources in Australia alone are 396 trillion cubic feet (tcf). Australia could well emerge as a major player in global gas markets as a result. Western Australia could have the world’s fifth largest shale deposits (CSIRO, 2013). Most of this potential is not yet under development, but given the rapid change in the US energy outlook and the potential benefits to its economy of cheap and accessible gas, as well as the rapid diffusion of the technology needed to access this energy, it is very likely that many countries will soon embark on exploratory and development projects, although many countries will need to change regulatory systems that currently prohibit the use of new drilling technologies or that dramatically impede national energy markets. In any case, this potential is transforming the long-term global energy outlook even though some of these countries will never develop shale oil and gas industries for various reasons. 
II. EXPORTING SHALE GAS

9. The current price of natural gas in the United States is uncommonly low and stood at $4.03 per mBtu (million British Thermal Units) on May 14, 2013. This price could actually be below the long-range marginal cost of shale gas production, which economists estimate at between $4‑5 per mBTU (US EIA, 2013). This is because US shale gas production is currently outstripping US demand. The glut in the US market has discouraged further gas production, led to gas flaring in the oil sector and is also pushing energy firms to look for more profitable markets overseas where natural gas prices are significantly higher: $10‑12 mBTU in Europe and $15-20 mBTU in Asia. In April 2013, buyers in parts of China were paying as much as $25 per mBTU. That huge country and important energy consumer is looking to increase gas production, in part, because of serious and worsening pollution problems linked to coal use (Bloomberg News, 2013). 
10. There are numerous barriers however to arbitraging these significant price differentials. The difficulty and cost of shipping natural gas essentially segments these markets, although converting natural gas to LNG can help unify them to the extent that the export and receiving infrastructure is in place to do so. 
11. The United States is also engaged in a debate over exporting the surplus natural gas that the shale boom has produced. The US Department of Commerce is charged with issuing export permits and so far has only issued one permit to build an LNG export facility, although another 11 applications have been filed (180 JOINT 13 E - NATO PA Visit to Texas). The gas export question was hardly an issue several years ago as the United States then anticipated ever greater gas import requirements, and, indeed, was developing infrastructure to receive rather than export LNG. When the shale gas boom began, the United States simply lacked and, indeed, still lacks the infrastructure to transform natural gas into LNG exports. This has kept the gas largely in the United States. With no immediate export outlets for the moment, demand has simply not kept pace with supply. This has driven down gas and electricity costs in the United States and has been an underreported but important factor in the US recovery. Lower gas prices are already encouraging a number of US multinationals to ‘reshore’ operations, build new manufacturing facilities and reinvest in the US economy. This trend will likely expand if energy price differentials persist.
12. To compensate for the low gas prices, many shale extraction firms are migrating from dry wells (mainly natural gas) to wet wells (gas deposits of ethane, butane and propane) and ‘tight oil’. The prices for oil, ethane and propane are more tightly linked to global markets than gas. Firms are using shale fracturing techniques to extract ‘tight oil’ previously thought to be unrecoverable (Chazan, Crooks, 2012). Renewed domestic crude oil production from non-traditional sources and the fact that US crude cannot be exported have also helped partially decouple US oil prices from the global crude price during the past two years (Mackintosh, 2012). The US EIA recently reported that US crude oil production exceeded 7 million barrels per day (bbl/d) in November and December 2012, the highest volume since December 1992 (US EIA, 2013). 
13. 
Natural gas is more expensive to export overseas as it must first be converted to LNG - a highly costly process that adds significantly to the market price. If the United States ultimately develops LNG export facilities, US shale gas could then reach large markets in Europe and dynamically expanding markets in Asia. Over a dozen underutilised LNG importing facilities constructed in the United States before the shale boom could be converted to exporting centers. But only several of these are slated for such renovation, and the government has granted an export license to only one facility, Cheniere’s Sabine Pass LNG Facility in Louisiana. Constructing the liquefaction facilities needed to export LNG is extraordinarily expensive, although facilities that are transformed from gas import receiving to gas exporting at least have the pipeline infrastructure, terminals and loading facilities in place. Sabine will begin exporting in 2015 (The Economist “LNG: A Liquid Market”). By 2016 that facility, initially designed to handle LNG imports, will be prepared to export 500 million cubic feet of gas a day. In the three years after that Cheniere expects to build five more identical systems. That $12 billion investment will make it possible for the company to export roughly 4% of US current natural gas output (Helman, 2013). This would help US gas producers to capitalise on price differentials and could eventually help bid down gas prices in Europe and Asia. This unexpected new source of supply would likely be welcome on both of those continents which are now beset by very high gas prices. 
14. 
The development of a gas export sector is not necessarily welcome among US manufacturing firms. Chemical manufacturers like Dow and Huntsman use natural gas for making ammonia, methanol, hydrogen and plastics and have enjoyed a windfall due to falling gas prices. Dow recently announced a $4 billion expansion in Texas while Shell Chemical announced a $3 billion plant in Pennsylvania to process ethane extracted from natural gas. The American Chemistry Council claims that the boom is helping to trigger $16 billion in chemical investments that could ultimately create some 17,000 new jobs and boost chemical output by $33 billion. Electricity generators, steel manufacturers and heavy industry are all benefitting from low gas prices. The problem with increased gas exports from the perspective of US industry is that this would, by definition, bid up the price of US natural gas in the domestic market. Not surprisingly, a range of US manufacturing companies, including Dow Chemical, Aloca and Nucor Steel are pushing for limits on gas exports. Dow Chemicals President Andrew Liveris recently noted that “When natural gas is not exported or burned for energy but instead used as an ingredient in manufacturing processes, it creates eight times more value across the economy and five times the number of jobs in the supply chain” (Helman, 2013). 
15.
US law requires the Energy Department to determine that such exports are consistent with the “national interest” before it will issue an export license. The Sabine Pass facility has received approval from the Department of Energy to export to any country in the world. Again, it is so far the only facility to be cleared to export to countries that do not have a Free Trade Agreement with the the United States. Such approval is essential because only one important gas-importing country (South Korea) has a free trade deal with the United States. A more general licence will be needed by those investing in the LNG export business. Several US senators, including John Barrasso (R‑Wyo.) and John Cornyn (R-Tex.), have introduced a bill that would specifically allow exports to NATO allies and Japan as well as any non-FTA (Freet Trade Agreement) country that the Administration identifies (Helman, 2013). There is a sharp debate, however, about what constitutes the national interest, with many manufacturing firms supporting export restrictions to keep domestic energy prices low. Environmental groups are also opposed to opening the export market as this would likely trigger even more drilling. Obviously the gas industry would like to be positioned to move gas to those regions of the world where natural gas is highest priced. For those in Europe, unhappy with Russia’s heavy handed use of its powerful market position, the prospect of greater US LNG exports is welcome because it would lower Russia’s price leverage to the benefit of US’s European allies (Levi, 2012). It is worth noting here that Australia is investing heavily in LNG export facilities and could surpass Qatar as the world’s largest LNG producer by 2020. This too is good news for those concerned about the security and diversity of supply in those regions that rely too heavily on single suppliers.
16. Exporting crude oil from the United States is currently forbidden under US law, and firms interested in exporting new supplies of shale oil are turning instead to refined oil products. Firms extracting crude oil are investing in mini-refineries to export refined product such as diesel, plastic or fertilizer (Olson, Lee, 2013). Here again, an intensive lobbying battle is underway between energy firms seeking to expand their export potential and manufacturing firms enjoying cheap energy and thus supporting current export restrictions. The US Congress seems inclined to approve more natural gas export licenses but will likely continue restricting the export of crude oil. 
17. There are a range of potential macro-economic benefits to this bonanza. Shale gas and oil production are generating new income for federal and state governments which could eventually help reduce US public debt levels. Falling energy imports are also helping to shrink the US current account deficit while strengthening an otherwise relatively weak dollar. The shale industry currently supports 1.7 million jobs in the United States and has already added $62 billion to federal and state government revenues. By 2020, the industry will account for 3 million jobs and will add an estimated $113 billion per year to government coffers (Yergin, 2013). Similar trends are apparent in Canda. The oil and gas industry directly or indirectly employs one in seven Albertans and accounts for 50% of the provincial economy (Canadian Association of Petroluem Producers, 2010). According to the Canadian Energy Research Institute(CERI), Alberta can expect $Ca 350 billion in royalties and $Ca 122 billion in provincial and municipal tax revenue from the oil sands over the next 25 years. It also suggests that the oil sands alone will create $Ca 444 billion in tax revenue across Canada over the next 25 years, of which $Ca 322 billion will accrue to the federal government (Canadian Association of Petroluem Producers, 2010). These numbers do not reflect the potential environmental costs associated with extracting these resources, but of course, this is generally the case across the industry. 
III. THE IMPACT ON EUROPE
18.
There are many indications today that the North American shale bonanza will not be replicated in Europe. Ongoing questions persist about resource endowments. Moreover, a range of regulatory barriers to the exploitation of this resource as well as organised resistance to doing so create hurdles to developing shale energy on the continent. Many European countries lack the infrastructure, and skill needed to exploit this potential rapidly and none would be able to match the low costs of production, for example, in Texas which has a long history of wildcatting and a great deal of empty space for energy exploration.
19.
Nevertheles Europe currently confronts a range of serious energy security challenges which might create a context for greater unconventional hydrocarbon development. The EU today is 80% oil import dependent and 60% gas import dependent (OECD-IEA, 2013). Much of its oil is shipped from the Persian Gulf, leaving the continent vulnerable to instability in that region. Russia is a critical gas supplier to many European countries but it has insisted on signing long-term deals that link natural gas prices to oil prices at a time when there are significant divergences between spot market prices for these commodities. Some of Russia’s largest energy exporters are often accused of engaging in anti‑competitive practices while the Russian government uses the country’s position as a critical energy supplier to exercise diplomatic suasion over some of the countries it supplies. The gas cut offs in January 2009 to much of Central Europe revealed the risk of over reliance on Russian gas supplies and set off a scramble to find other suppliers. That country will remain a crucial energy partner for much of Europe, but there appears to be a compelling strategic and economic rationale for the countries of Europe to diversify their energy supply base. Developing a domestic shale industry could provide one of several opportunities to do so. 
20.
But North America’s energy boom is also posing an immediate competitive challenge to Europe. Natural gas prices on the continent in 2012 were roughly five times greater than in the United States, where they have fallen by roughly two thirds since 2008. In 2008 US and European gas prices were essentially equal. Japan’s gas prices in 2012 were an astounding 8 times higher than US prices and the Fukushima tragedy has further reduce the share of nuclear in that country’s energy mix, putting even greater pressure on supply (OECD-IEA, 2013). Gas prices in most of the world have traditionally tracked oil prices, which have remained very high. This tracking phenomena is rooted in the contracts gas consumers sign with suppliers and the fact that gas can act a substitute for oil - albeit an imperfect one. Those contracts reflect the importers’ needs for security of supply and the producers’ need for long-term investment horizons to justify the prodigious up front investments that are required for gas exploration and production as well as transport networks. The problem is that oil is a globally traded and fungible commodity and is therefore subject to the law of one price - at least in rough terms. The market for oil is essentially unified by global supply, demand and price conditions. Local deviations in price are quickly arbitraged so that they tend naturally to align with global prices; in more simple terms, if oil is cheap in one market, it will be sold onward to regions where oil is more dear. These transactions essentially create a single global price for oil. This is not currently possible in gas markets.
21.
Insofar as gas is a substitute for oil, natural gas prices will track oil prices. But natural gas is not a perfect substitute for oil. Moreover, it is not yet a globally arbitraged commodity, although the rapid development of LNG export and receiving infrastructure across the globe could well change this. Canada alone is aiming to build 8 LNG export facilities and the United States is converting new LNG receiving facilities into export facilities and the US government is now considering 12 LNG export license requests (180 JOINT 13 E - NATO PA Visit to Texas). For the moment, however, most natural gas is sold through pipelines, and this currently limits the market for gas produced at any given well. This is why significant regional price differentials for natural gas persist. The only way to ship natural gas by tanker is to liquefy it; but LNG processing, shipping and receiving requires massive investments and so only a small share of gas is ever liquefied for global trade. It is thus more difficult to arbitrage prices globally and local markets can thus deviate substantially due to different local supply and demand conditions. While US gasoline prices have jumped more than 125% since the end of 2008 with crude oil prices rising to more than $100 a barrel, in the same period, US natural gas prices have fallen by nearly two thirds (Herdon and Swint, 2012). 
22.
The United States is also beginning to generate a substantial competitive manufacturing advantage because the shale glut has driven down energy input prices, conferring very important benefits upon firms positioned to exploit these price falls. In essence the fall in gas prices has been an enormous positive stimulus to the economy, and this is likely to endure as long as energy price differentials do. There is evidence today that some US firms, which had previously off shored manufacturing jobs to Asia are now moving production facilities back to the United States because of persistently low energy prices. Apple and General Electric (GE) have returned some manufacturing operations to the United States for this reason, and many other firms are likely to follow suit because the energy price differential is making this cost effective. GE has reported that it is now manufacturing at lower cost in Kentucky than in China (Denning, 2012). Falling gas and, by extension, electricity prices have made the United States one of the most profitable places in the world to produce chemicals and fertilizer, industries that use oil and gas as both a production input and an energy source. The United States is also undergoing a surge in energy-intensive production in aluminum, steel and glass. Of course, the energy business itself is experience a renaissance. Some economists have estimated that increased domestic oil and gas production, and the activity that flows from it, would create up to 3.6 million new jobs by 2020 while raising annual economic output by between 2% and 3.3% (Casselman, and Gold, 2012  ). Other analysts have been somewhat less optimistic and put the additional growth at 1%, but that is hardly inconsequential. 
23.
If this price differential persists over time, even greater levels of inward investment would be likely. European manufacturers would then face the twin challenges of competing against low-cost labor in Asia and low cost energy in the United States. Europe also has another potential problem insofar as it has made a major commitment to renewables, which while very clean and very secure, remain, at least for now, costly. Part of this cost is hidden through government subsidies. These subsidies are now subject to increased scrutiny in countries with serious fiscal difficulties, so it is not clear how much longer these will stay in place (OECD-IEA, 2013). This commitment could become a factor in growing energy price differentials between North America and Europe, particularly as environemental costs are not sufficiently factored into US energy prices. That said, it is worth noting that the current dramatic price differential is unlikely to persist as the US shale market matures and particularly if it becomes a significant LNG exporter (which would help unify prices). Still it is likely that US gas and electricity prices will remain substantially lower than those in Europe. Europe will need to respond to this differential in order to retain some degree of competitiveness. It has several options, none of which will be easy to implement.
24.
Firstly, some European countries will likely seek to renegotiate long-term contracts with European gas suppliers and particularly with Gazprom. This has already begun, and Europe has gained some leverage because of the North American boom. Indeed, Russian gas producers are starting to feel price pressures arising indirectly out of the shale gas boom in the United States. The United States has essentially stopped importing LNG from countries like Qatar because it no longer needs significant amounts of foreign-produced natural gas. Gas suppliers are therefore diverting gas shipments to Europe and driving down spot prices there as well. Spot prices are now significantly below the oil-linked price Gazprom employs in European markets. That Russian firm now faces demands to renegotiate contracts so that they better reflect lowering spot prices rather than global oil prices (Chazan, 2013). 
25.
In 2012 Gazprom renegotiated supply contracts with a number of European customers after receiving complaints that customers were paying too much for gas under long-term, oil-linked contracts, which were significantly above spot gas market levels. These price cuts in some cases approached 10% of previously agreed prices. France's GDF Suez, Wingas in Germany, the Slovakian gas company SPP, ENI in Italy and Botas in Turkey were among the clients that managed to negotiate price adjustments (Platts, 2012). In 2012 these concessions totaled $ 2.7 billion and Gazprom is setting aside $ 4.7 billion for negotiated reductions in 2013. Although the share of short-term spot traded gas in the European supply mix has increased in recent years, most natural gas in Europe is shipped over pipelines and prices for this gas continue to be far higher than spot prices; this condition will likely remain the dominant factor in European natural gas prices, unless European unconventional gas and LNG imports significantly alter the mix (Ernst & Young, 2011). Europe, however, will need to integrate further its gas and electricity markets in order to arbitrage price differentials, increase market efficiency and diversify its supply base. This would put Europe in a better position to lower the gap between spot prices and long-term prices (Cornell, 2013). 
26.
Gazprom interestingly has refused to renegotiate prices with its largest foreign customer, Ukraine, and recently called on it to pay $7 billion for gas it never used but for which it had contracted through a controversial “take or pay” contract negotiated in 2009. Gazprom claimed that its rebuff had nothing to do with a landmark $10 billion shale gas exploration deal Ukraine has recently signed with British Petroleum (BP) - a deal which could eventually help wean Ukraine from its very high level of dependence on Russian gas. The goal of that project will be to raise domestic energy production, diversify the country’s energy base, drive energy prices down and thus make its industrial base more competitive (Olearchyk and Buckley, 2013). Although it could take a number of years before this project begins to yield significant amounts of gas, it is economically and strategically significant. 

27.
Russia has twice cut off supplies of gas to Ukraine and used Ukrainian energy dependence as a source of political leverage. Ukraine’s economy is one of Europe’s most energy intensive and its gas bill in 2012 was $13 billion. Its heavy industrial sector has made a great effort to adopt more energy efficient practices and in 2012 managed to reduce imports by 25%. Russia did negotiate one significant price cut in 2010 but only in exchange for a long extension of Russia’s lease on its naval base in Sevastopol - a perfect illustration of the geo-political uses to which energy can be put. Ukraine, however, still pays very high prices for Russian gas, even more than Western Europe, which is more distant from the source of production. Moscow has told Kyiv that it will see that gas prices are reduced if it, in turn, joins a customs union that Russia is constructing along with the Belarus and Kazakhstan - a deal that would make a closer partnership with the European Union all but impossible. Ukraine lacks negotiating leverage with Russia and thus sees shale oil and gas as providing an attractive alternative to energy dependence on its large neighbor to the East. Ukraine has every interest in finding other sources of supply and Russian heavy‑handed actions have only encouraged this effort (Olearchyk and Buckley, 2013). It is estimated that Ukraine holds Europe’s third largest shale gas reserves and could someday be positioned to reduce imports to a minimum. This potential has attracted the attention of key energy companies. In addition to the deal BP has signed, Chevron has won a tender to conduct shale exploration in Western Ukraine while Exxon and Shell have exploration rights off the country’s Black Sea coast. Doubtless this activity is worrying Russian gas executives and the Kremlin alike, although it might only be the tip of the iceberg as other countries in Europe begin to consider developing their own shale potential. The greatest hurdle may be the business and regulatory climate in Ukraine itself as well as the lack of energy infrastructure and know-how. This could impose a range of costs on a business which operates on narrow margins. 
28.
Russia is not the only exporter with concerns. Norway’s Statoil recently warned that the high level of uncertainty about the future of gas markets in Europe is beginning to impinge on its own investment plans. Statoil has important planned projects in the North Sea and Azerbaijan, but is worried about the uncertainties in European and global gas markets. There are all kinds of mixed signals. Indeed at a moment when the United States is switching from coal to gas for electricity generation, a number of European energy firms are moving in the opposite direction. Because gas prices are relatively high in Europe today, the United States switch from coal to shale gas use in electrical generation is currently pushing cheap coal toward Europe. Burning coal is now a less expensive option in Europe than using natural gas, and this is creating uncertainty about future gas demand there although gas demand has continued to grow albeit at a slower rate than previously. Uncertainty about future gas demand could also inhibit investment in unconventional gas exploration in Europe (Ernst & Young, 2011). It is worth noting that gas fired power stations have been generating losses in Germany, the Netherlands and Belgium. Some electrical utilities are moving toward coal and scrapping plans to build gas powered plants.
29.
It is important to note that coal puts twice as much carbon into the atmosphere as does natural gas so this switching does have global environmental costs. Indeed, it could be offsetting the net benefit of the US move away from coal generated power. Heavy subsides for renewables also pose a competitive problem for gas in Europe and these renewables are accorded a priority position in a number of countries and in the European Commission itself (Makan, March 2013). On the other hand, the uncertain future of nuclear power in the wake of the Fukushima nuclear accident could galvanise demand for gas in countries like Germany which is shutting down older nuclear plants. 
30. 
Rapid change in gas markets could also affect pipeline investment in Europe. A number of new supply lines are in the planning stage or under construction in Europe today. The Nord Stream gas pipeline under the Baltic is already operational and will mean that Russian gas to Western Europe no longer needs to run through Ukraine and Belarus. Russia is also fully committed to the South Stream project which will bring a very large volume of Russian gas from the Black Sea to Southern and Central European markets. The EU supported Nabucco West pipeline was slated to bring gas from the Shah Deniz gas fields in Azerbaijan to Europe. On 28 June 2013, the BP-led consortium decided instead to build the  the Trans-Adriatic Pipeline (TAP) rather than the rival Nabucco West. The Shah Deniz field is now expected to produce its first gas in 2018. Other proposed lines include the Interconnector Turkey‑Greece‑Italy line (ITGI) and the Trans-Caspian gas pipeline as well as local initaitives like the Azerbaijan-Georgia-Romania interconnector for the transport of LNG across the Black Sea to Romania. The problem is that all these projects were planned before the boom in unconventional gas was apparent. If European shale production were to take off, or if global LNG markets dramatically expand and drive down gas prices, some of these projects might no longer be viable.
31. 
Another major shock confronted by long-term investors in energy infrastructure has been the collapse of US demand for LNG imports. A number of major infrastructure investments both in the United States and elsewhere were undertaken in anticipation of previously mounting US demands for imported natural gas. The shale gas boom has idled brand new reception facilities in the United States, some of which the industry now hopes to convert to export facilities. LNG suppliers have thus had to find other markets for their product and this has helped depress spot prices in Europe. Europe imported 60 million tons of LNG in 2010 and is adding LNG import facilities in Italy,  Poland, Portugal and Spain. Poland has signed a 20-year deal with Qatargas that will deliver 1.5 billion cubic meters of gas per year. The gasification terminal in Świnoujście will be operational by 2014. It will have the capacity to supply 2.5 billion cubic meters of natural gas the equivalent of 15 % of Poland’s gas consumption in 2010. That capacity could potentially expand to 7.5 billion cubic meters (Szalai, 2012). These projects could encourage US gas producers to move into the LNG market and this is indeed happening although it will take some time to ramp up production capacity in the United States.
32.
Because many current gas delivery contracts are locked in for thirty years and because of very stringent environmental rules, driven in part by population densities in Europe, the direct impact of shale gas and oil exploration is moving far slower in Europe than has been the case in North America. European gas consumers are likely work to renegotiate these contracts because the shale glut in the United States is pushing down the price of globally traded LNG. Suppliers like Gazprom have shown some flexibility with selected countries like Germany, Italy and Poland, and may be under more continuous pressure to link the prices they charge more closely to spot index prices, which an LNG glut today has driven downwards (OECD-IEA, 2013). If the United States ever begins to export substantial amounts of LNG, the downward pressure on European gas prices could be significant. Meanwhile Russia itself is looking to diversify its consumer base. It had hoped to export LNG to the United States but that market is now obviously saturated. Russia and China have reached an agreement for Russia to sell natural gas to China via pipeline. This could be the first phase of a broader Russian expansion into Asian markets where prices are high and demand will remain robust. Norway too is looking to Asia now that the US market is saturated. 
33.
Although prices in North America will begin to rise as the markets move into more of a long‑term equilibrium position, an important price differential will persist. This could pose significant competitive challenges for Europe and for countries like Japan which pay even higher energy prices than Europe. Of course, Europe has the potential to develop its own shale oil and gas industry and some countries like Ukraine and Poland are moving quickly to do so. But there is tremendous resistance to the industry, which makes its future very uncertain. Australia and China are also embarking on major development projects. This could also galvanise Europe to do more with its shale potential. China may have the largest shale gas resources in the world with as much as 19% of total reserves as opposed to the 13% for the United States. Developing shale energy beyond North America and building LNG import and export facilities could ultimately help begin to close the current regional spreads in natural gas prices but this will take time and very significant investment. 
34. 
European countries together account for roughly 10% of the total global shale gas reserves. The petro-physical properties of these deposits, however, differ substantially and each poses unique drilling and collection challenges. It is not yet known how much of these reserves are economically recoverable. The European Commission has suggested that “Shale gas production will not make Europe self-sufficient in natural gas. The best case scenario for shale gas development in Europe is one in which declining conventional production can be replaced and import dependence maintained at a level of around 60%” (Pearson et al., 2012). Different levels of exploration for new sources of oil and gas are underway in Austria, Germany, Hungary, Ireland, Poland, Sweden, the United Kingdom and Ukraine, France, Poland and Ukraine appear to have large potential deposits but France has imposed a moratorium on exploration.
35.
Romania, for example, is greatly interested in developing its shale gas potential. The government has issued several explorations licenses to Chevron in that hope that the discovery of shale deposits would help reduce Romania’s dependence on imported Russian gas. Romania’s aim is to increase its energy indepence and it has also signed exploration deals with Exxon and OMW to explore energy resources of the Romanian Black Sea Coast. 
36. 
For its part, the Polish government has awarded a number of exploration concessions to 30 companies covering a territory of 35 thousand square miles or a third of the country (Szalai, 2012). Polish officials had initially hoped to begin commercial exploitation by 2014 and to achieve some degree of gas self-sufficiency by 2035. This is very optimistic. Difficult geological conditions, a lack of critical infrastructure and services, and an uncertain regulatory environment have slowed exploration efforts and have led to some concerns about the commercial viability of the industry in that country. In 2011, the US EIA estimated that Poland’s shale formations contained 900 times its annual gas consumption or 5.3 trillion cubic meters. In 2012 the Polish Geological Institute released far more moderate figures of between 346 and 768 billion cubic meters. Exploratory drilling has so far yielded mixed results. Moreover Poland’s shale desposits are far removed from the country’s pipelines and so substantial investment would be needed to move the gas from the production point to the market. It is important to note as well that although Polish officials are dedicated to diversifying their energy supplier base, Russia has been a reliable supplier for Poland and it has not experienced the kind of supply disruptions that have affected south eastern Europe. That does not necessarily mitigate Poland’s desire to diversify its supply base. It is also endowed large coal suppliers and the country’s manufacturing infrastructure is very oriented to coal use. Converting to large scale gas use would be very expensive (Kemp et al., 2012)
37.
Just to establish Poland’s potential will require the drilling of 500-1,000 exploratory wells a year; yet energy firms operating in Poland have only drilled 33 wells over the past three years and have hydraulically fractured only 10. That is not nearly enough to launch this industry and none of the drilled wells have produced very encouraging results. There are only 11 drilling rigs in Poland as compared to 2,000 in the United States and this too is impeding development. It costs roughly $15 million to drill and fracture a well in Poland as compared to $4 million in the Barnett Shale region of Texas. That is a very serious competitive disadvantage and it reveals the degree to which scale economies matter. Finally, the industry has complained that government intentions to tax the industry at rates akin to Norwegian levies on its highly efficient and developed gas sector threaten to raise costs even further while weakening development incentives. These kinds of issues are making it difficult even to assess Poland’s real potential (Kenarov, 2013). Poland’s shale challenge could well be emblematic of a greater problem in Europe where very abundant and accessible reserves would be needed to make the sector viable; an array of barriers are making even initial exploration a potentially daunting task.

IV. THE GEOSTRATEGIC IMPLICATIONS OF THE SHALE GAS REVOLUTION
38. In the future, natural gas is likely to assume greater strategic importance as a result of the technologically driven changes in that market and the soaring global demand for energy. The boom in North America has provided previously unanticipated supplies of energy that are acting as a strategic buffer. This is already having implications on the calculations of a number of countries. To take one example, the United States decided to release oil from its strategic stocks in the midst of the Libyan crisis, in part, because its long-term energy supply outlook is so promising (Cornell, 2013). That the United States will be producing more oil than it imports for the foreseeable future might also be informing the Obama administration apparent reluctance to engage itself more deeply in the Syrian conflict. The energy bonanza appears to be according the United States strategic options that it did not previously have and it may feel itself positioned to act with a greater degree of equanimity even if it still has a stake in global energy security and does not want the region to become an incubator of nuclear proliferation, terrorism or instability (Seib, 2013). 
39. For better or for worse, the shale gas and oil boom in the United States will alter the way it looks at the Middle East and particularly the Persian Gulf. Although that region will remain a critical supplier of energy to world markets, and even though it will continue to sit astride a major chokepoint for the flow of goods and energy, its importance to the United States will inevitably diminish as the United States reduces its dependence on imported energy. The US tolerance for risky deployments to that region could erode, particularly at a moment of serious budgetary restraint. Although few US leaders speak openly about this eventuality, or even deny the possibility that the Persian Gulf might be downgraded in the list of US priorities, the strategic community is beginning to think through the implications. It is a worthwhile exercise because a tectonic shift seems to be underway. This hardly means that the United States will not maintain important interests in that reigon but a changed outlook might emerge.
40. Over the coming 20 years, while the United States grows less dependent on the Persian Gulf for its energy, China will grow more dependent. The IEA estimates that China will import 80% of its oil from that Persian Gulf and North Africa by 2013 (Bremmer and Hersh, 2013). Of course, even this could be overstated if China manages to harness its own shale potential - something it has not so far been able to do. In any case, China can be expected to play an ever greater role in the geopolitics of the region, an eventuality that could represent a true sign of its great rise, but a position that could also be a curse. Sea changes on this scale are likely to have a range of unanticipated consequences of which which strategic thinkers will need to take stock.
41. 
Roughly one third of US defense spending - or some $200 billion - can be linked to US efforts to keep energy flowing to the global economy (McFarlane and Olah, 2013). Even though the United States is not the largest importer of Persian Gulf oil, it has always had a high stake in the flow of that energy simply because global prices are integrated. Now that US gas prices and to a lesser extent oil prices are starting to delink from global oil prices, the United States could eventually begin to lower the strategic priority it accords the Gulf region, even though it will, of course, remain important. The oil and gas bonanza certainly allows it to reassess its vulnerability there. The rising production of oil in North Dakota and Texas, for example, has made it easier to implement oil sanctions on Iran simply because the United States now has a cushion to compensate for the loss of Iranian crude from global markets. This is happening at a moment when the United States is under very serious fiscal pressures and is also likely to cut defense budgets substantially. Moreover, its so-called pivot to the East implies a reduced force presence in Europe and the Middle East. As a result of these trends, the United States is very likely to communicate to its European allies that they will need to do more to help keep these lines of communication open. Given Asia’s exploding energy demands, it too will have a rising stake in the Persian Gulf and may therefore assume a greater security burden in this regard. This could mark a sea change in the geopolitical alignment in the Persian Gulf.
42. 
 Changes in global energy markets linked to the boom in unconventional energy production could well have implications for NATO over the longer term. The Alliance is premised on the notion of shared security interests and outlooks. One can imagine that a significant divergence in energy security perspectives might begin to erode this foundation. Falling US dependence on imported energy, and particularly imported energy from the Persian Gulf and North Africa, could, for example, reinforce the US pivot to Asia. This would transpire just as Europe’s energy dependence on this region rises (180 JOINT 13 E - NATO PA Visit to Texas). That said, oil markets are fungible and what happens in one market will have an impact on the global market. For this reason, the United States will likely continue to have a strong interest in the Persian Gulf both for reasons of energy security and for general security. But the Alliance will need to conduct a sustained dialogue on these matters in the future.
43. Other tectonic shifts in the global strategic landscape are afoot as a result of the rapidly evolving energy outlook. OPEC (Organisation of the Petroleum Exporting Countries) itself is likely to lose a degree of global leverage as a result of the unconventional oil and gas boom. US imports from OPEC producers have fallen by more than 20% over the past three years and may eventually cease (Bremmer and Hersh, 2013). The Arab uprisings have generated a high level of concern in key oil producing countries about domestic stability. A number of OPEC’s member governments have increased domestic spending substantially to quell those concerns, but this, in turn, compels these governments to keep oil prices high to underwrite growing consumption. This is having the unintended effect of opening opportunities throughout the world to unleash the potential of unconventional oil and gas as well as LNG, which becomes competitively priced when oil prices are very high. Soaring global energy prices could eventually create opportunities to globalise the trade in shale gas - by creating economic conditions that make it potentially profitable to transform it into LNG, compressed methanol, or diesel fuel (Herdon and Swint, 2012). Methanol produced from shale could eventually be used in flex fuel engines that produce lower carbon‑dioxide emissions without the carcinogenic additives currently used in more expensive petrol (MIT, 2010). All of this will mean that a growing share’ of the world’s energy is produced outside of the OPEC Cartel, and this, by definition, will reduce its leverage over global markets.

44. NATO governments, of course, have recognized that disrupting the flow of vital resources could affect Alliance security intersts, although there is also a recognition that there are other international organizations far better equipped to deal with most elements of energy security. At the Bucharest Summit in April 2008, Allied states took note of a report on “NATO’s Role in Energy Security”, which identified these interests and laid out various means to defend them. Government heads meeting at the Strasbour-Kehl Summit in April 2009 also discussed the issue of energy security. The final declaration there affirmed NATO’s continuing support for “efforts aimed at promoting energy infrastructure security” and an intention to “ensure that NATO’s endeavours add value and are fully co-ordinated and embedded within those of the international community, which features a number of organizations that are specialized in energy security” (Monahagn, 2009). These concerns are also expressed in the Strategic Concept that Allies adopted at the Lisbon Summit in November 2010 when several Central and Eastern Europe countries including Romania, Poland and the Baltic states sought to clarify their own concerns in this areas. NATO members, of course, are paying attention to the energy boom in North America although what this ultimately means for the Alliance is not at all clear at this juncture. 

45. The implications for Russia are mixed. On the one hand it likely has very large reserves of shale gas, tight gas and oil and has not even begun in earnest to develop this potential. That is not surprising given its extraordinary supplies of conventionally produced natural gas and oil and large infrastructure investments in the traditional side of the industry. Russian gas firms, however, are showing a rising interest in non‑conventional technologies and are beginning to test the waters. This could be a very important supplement to its current reserves and could certainly extend the life of Russia’s position as a critical energy exporter to Europe and beyond. 
46. On the other hand, Russia has reason to be concerned about some of the changes underway. First of all, it had seen the United States as a potentially important customer of Russian LGN. Now it may have to worry about the United States and other shale gas producing countries as LNG competitors in markets where it has enjoyed a near monopoly. US LNG gas or simply the effect of US production could weaken Russia’s grip on gas markets throughout Europe. These concerns were made evident in its most recent price dispute with Ukraine, which, perhaps not coincidentally, began soon after Ukraine announced a large contract to explore for unconventional energy on its territory and in its waters. Russia has sought to use Ukrainian dependence on its gas to pull it into its orbit, and this particular geo-political tool is now threatened on several fronts, particularly as the government seems intent on signing an association agreement with the EU which will include the construction of a Deep and Comprehensive Free Trade Area. Russia’s hardball tactics have alienated several other Eastern European countries, and there is a growing eagerness in these countries to diversify the energy supply base in order to insulate themselves from Russia’s propensity to employ hardball tactics with some of its energy clients. The Russians would obviously not welcome either an expansion of North American LNG exports to Europe or the rise of European unconventional production. It is hardly suprising therefore that Russia has begun to raise environmental concerns about the industry, a position that one suspects is rooted in other concerns.
47. The unconventional gas boom could also weaken the attractiveness of developing arctic gas fields. Gazprom, for example recently halted plans to develop a range of arctic fields, arguing that it could not justify the investment given uncertainties about the future of the market (Begos, October 2012). Russian gas executives express no worry about rising US production, at least publicly, and do not see it competing seriously in the European market. Still what is happening in the United States has encouraged a number of European countries to renegotiate long-term contracts with Gazprom and this could also be a harbinger of things to come. Because Russia has failed to diversify its industrial and export base, because oil and gas generate 70% of its export earnings and constitute the foundation of state finances, and because its economy is riddled with a range of structural problems including pervasive corruption, it is very vulnerable to a loss of energy market shares. This ultimately could pose a real challenge to the Russian state and its current governing elite which have built their legitimacy on the foundations of the energy industry (Gustafson, 2012). 

V. ENVIRONMENTAL PROBLEMS OF SHALE GAS 
48.
The extraordinary development of unconventional gas in North America is also changing the environmental landscape. Natural gas emits far lower levels of global warming gasses than gasoline or diesel oil and burning it releases roughly half as much carbon dioxide per unit of energy into the atmosphere as does burning coal (The Economist, “Frack on”). Between 2006 and 2012, natural gas generated electricity rose from 20% to 25% of total US electricity generation. At the same time, coal generated electricity fell from 50% to an historic low of 42%. Since 2007, the United States has lowered its carbon dioxide emissions by 450 million tons, the largest decline on the planet (The Economist, “Gas works”). This is due to a combination of greater energy efficiency due in part to stricter regulation and standards, the growing use of natural gas and the falling use of coal and the economic recession. As of 2012 the United States had achieved approximately 70% of the CO2 emissions reductions targeted under the Kyoto Protocol—an agreement that the US Congress never ratified. Shale gas has been critical to these very positive trends although improved energy efficiency and environmental standards have also been important factors. The continued displacement and retirement of coal plants will likely lead to further CO2 reductions in the future (Carey, 2012). 
49.
The picture, however is not entirely positive. Hydrofracking poses potentially significant environmental risks if not properly regulated (Haluszczak, 2013). The improper storage and disposal of fracking waste water, rampant gas flaring in shale oil production, and the use of massive quantities of water all pose weighty environmental and health risks if the industry is not properly regulated. In some cases, oversight and regulation have been woefully inadequate and this has harmed the image of the industry, perhaps out of proportion to the actual risks. It is interesting to note, for example, that compared to the coal industry, unconventional oil and gas is objectively safer and cleaner. Yet in the minds of some, it has become the most pressing environmental threat from the energy sector (180 JOINT 13 E - NATO PA Visit to Texas). This could be rooted, in part, in the concern that the boom is extending the longevity of carbon energy in general and could divert investment capital away from renewable energies. This is not an unreasonable assumption. Still a number of environmental groups including The Sierra Club, Earthworks and The Energy Policy Forum are pointing to a range of health and environmental risks associated with hydraulic fracturing including loss of drinking water, exposure to toxic chemicals, massive and costly road damage the costs of which exceed the tax intake from the industry in certain areas, a degrading quality of life in some rural areas. Some critics also suggest that what is really transpiring is a speculative land grab in which reserve estimates are inflated to increase investor returns (180 JOINT 13 E - NATO PA Visit to Texas). The greatest environmental threat may actually lie in the onslaught of trucking and the sudden influx of workers in those rural regions where the industry is taking off. Public complaints have been greatest about this phenomenon rather than degradation of water supplies (Cornell, 2013). A more serious issue, however, and one that is proving difficult to resolve is the competition for scarce water between this industry and farmers in arid regions like Oklahoma and Texas.
50.
The oil and gas industry is challenging all of these criticisms and there is clearly a vibrant debate in the United States on all of these matters. The industry argues that improvements in fracking technology are reducing environmental risks, particularly in those regions where the industry is being properly regulated. 
51. 
During hydrofracking, corrosive salts, potentially carcinogenic chemicals and even radioactive particles that exist in rock formations are mixed sometimes with already polluted water or saline water as it is injected underground 3,000-8,000 feet (915-2,440 meters). Roughly 25% of the water is ultimately pushed back to the surface along with these chemicals. Benzene, radium, methane, petroleum distillates and glycol ethers are some of the many harmful substances that have been identified in hydrofracking water (Haluszczak, 2013). After it is pressurised into shale rock formations and forced back up by the rising natural gas or oil, waste water is stored in tanks, man-made ponds and other containers. If not properly regulated, these storage processes are susceptible to spills, leaks and overflows. There have been also been incidents of pollution which gas companies have failed to report or report adequately (Wayne, 2012) and it seems as if some of the more serious problems have taken place in Pennsylvania which, some charge, has not properly regulated the industry. 
52.
There is still also a degree of uncertainty about the exact amount and variety of contaminants in the waste water. It does not help that the US government has allowed firms to withhold this information as trade secrets - something that environmentalists argue violates standard industrial good practices. This failure to disclose has also fed rather than assuaged public concerns and the Obama Administration is reconsidering this policy. Texas requires firms to publish the chemicals that are being used in fracking fluid and has high standards on cementing drill wells to prevent leakages into the ground water from drilling occurring far below those water tables (Frack Focus, 2013). Energy companies argue moreover that they would not be investing billions in the industry if they did not think it would provide long-term returns and claim that in states like Texas they are very mindful of precious water tables. Canada has recently implemented a voluntary reporting system, but Environment Canada reportedly wants to strengthen this arrangement to help regulators determine the environmental impact of these substances (De Souza, 2013). 
53. 
Another procedure raising concerns is the practice of depositing fracking fluid in cavernous underground rock formations. But in Pennsylvania, a sharp increase in hydrofracking wells (36,000 in 2000 compared to over 71,000 in 2011) and a lack of deep deposit wells is posing serious environmental problems (Urbina, 2011). The risk of pollution obviously rises if the fracking occurs above rather than below underground the watertables. Environmental groups have charged that regulators and gas companies in Pennsylvania were insufficiently prepared to cope with the problem, and vast quantities of this waste water ended up water treatment facilities not designed to process these chemicals. Studies have revealed radium, benzene and other carcinogens in a number of streams and rivers. Some rivers used by the sewage treatment plants had radioactivity levels hundreds or even thousands times the amount allowed by federal standards (Urbina, 2011). Although the process of hydrofracking often occurs at depths below underground water reservoirs, inadequate well seals can allow contaminated water to leak into water tables. Firms often fail to disclose to regulators that a well has fractured and is seeping chemicals into water tables. Some experts suggest that excess waste water is so contaminated and dangerous that it should be treated in the same manner as medical waste. 
54. Oil hydrofracking processes also produce large amounts of natural gas. Many US companies dispose of this gas in a process called flaring because the facilities are too remote to put the gas into storage systems or pipelines (Makan, Crooks, January 2013). The incentives to do so are currently insufficient due to low US natural gas prices and a lack of regulation. Gas companies operating in remote regions without access to pipelines thus find it cheaper to burn off the gas rather than commercialise it. North Dakota and Texas, the two hotspots of the shale oil boom, have increased flaring by over 50% just in 2012, although Texas operators are beginning to put the gas to commercial use and will be even more inclined to do so as the LNG industry develops. The logistical problems associated with building up a gas industry are far greater in remote North Dakota (180 JOINT 13 E - NATO PA Visit to Texas). Recent night-time satellite photos show that sparsely populated North Dakota is producing almost as much light as the city of Chicago largely as a result of this flaring. North Dakota’s carbon footprint has also increased dramatically as a result of this practice and flaring pours noxious pollutants into the atmosphere (Makan, Crooks, January 2013). This is not simply an environmental and health problem, it is also squandering a precious and strategic resource. It would be more sound strategically to cap these oil fields until this gas can be commercialised. It is noteworthy that Western governments have been urging Nigeria to put an end to similar flaring practices which have been environmentally catastrophic in parts of that poor country. A three-year study on flaring generated air pollution found that a number of potentially toxic chemicals are put into the air surrounding these sites including benzene, xylene and octane (Witter, 2012). If drilling sites move closer to communities, these practices could soon have serious health impacts. 
55. The vast amounts of water required for hydrofracking poses another set of problems. Operating a single well can require 5 million gallons of water over its lifetime. This is consequential particularly in regions where water is scarce such as in the American West where underground aquifers have begun to dry up (Wines, 2012). Farmers are increasingly compelled to compete for scarce water with energy companies in the western United States, and extraordinarily dry conditions in recent years have exacerbated tensions between the two industries (Healy, 2012). There have also been reports of increased seismic activity in regions where fracturing operations are underway but these events are invariably very minor and do not pose any major earthquake risks.
56. One could argue that a reason the price for unconventional gas is so low is that it does not reflect the full range of externalities (generalised costs to society associated with its production but not reflected in the market price). On the one hand, domestically produced gas is more secure than oil imported from unstable regions and therefore its price need not reflect any additional security costs linked with using it, as should, for example, oil imported from the Gulf region. Natural gas also has the environmental benefit of being relatively clean burning and superior to coal insofar as it has a significantly lower carbon footprint. Despite these positive externalities, one could still argue that current prices do not reflect the full environmental costs associated with drilling for this gas. Indeed there are a range of explicit and implicit subsidies to this industry that may be obfuscating the real cost structure of unconventional oil and gas. These subsides can include tax breaks, discounted drilling fees, subsidised water, and government funded clean-up programmes. Exemptions from environmental regulations like the US Clean Water Act and the Resource, Conservation and Recovery Act also constitute a price distorting subsidy that hardly lends itself to best environmental practices. 
57. Current natural gas prices in the United States are likely below the real cost of producing this energy. The real marginal cost could actually be $4-5 mBTU rather than the actual price of $3 per mBTU (The Economist). The price has been effectively lowered through subsidies, and under-regulation which effectively exempts the industry from paying for the environmental degradation associated with the mining process. The potential environmental damage might be even greater insofar as these artificially lower prices make it even more financially difficult to develop cleaner energy sources, and particularly renewables. 

58. The Obama Administration has begun to tighten up some environmental regulations surrounding the industry as have several state governments like that of New York. Other states, including Pennsylvania, have been more lenient in this regard. The Environmental Protection Agency is now insisting that wells for storing waste water must ensure that underground sources of drinking water are not polluted. Improved means of recycling wastewater are clearly still needed and there have been a number of disconcerting dumps of this water into rivers and streams (Begos, September 2012). Such practices are utterly counter-productive and properly regulation is essential to building public trust in an industry that is likely to become more economically and strategically important over time. 
59. The shale industry also leaves a significant physical footprint that has created problems and inspired public anger. Wells require space to accommodate drilling rig equipment, wastewater ponds, storage and pipeline infrastructure as well as facilities to house personnel. Rapid demographic changes linked to the industry can trigger sudden physical as well as social changes in rural communities which, in turn, can pose daunting policy challenges. Social infrastructure including schools, housing, roads, and police forces are often inadequate and there are reports of significantly increased drug use and crime in some boom towns (Ellis, 2011). Road accidents have soared around the Permian basin of Texas. The energy boom there has essentially eliminated unemployment and young and inexperienced truck drivers working long hours now crowd the roads and pose a public safety risk (180 JOINT 13 E - NATO PA Visit to Texas). 
60. Europe has taken note of these various problems and challenges and some argue that they constitute a price that is too high to pay. The EU does not have jurisdiction over state subsoil laws and so regulating this industry will largely be the responsibility of national governments in Europe. This is somewhat similar to the situation in the United States where, it is the states, rather than the federal government which generally take the lead in regulating this emerging industry. The challenges to the industry in Europe are more serious because of population density, strong environmental regulation, water shortages in some regions and public resistance. The region of Alsace, for example has the potential to develop a shale gas industry but in parts of that region, there is a village every kilometer and a half and large fracking operations would likely be highly intrusive. The French government has imposed a moratorium on fracking operations and its Minister for Industry recently stated that this will not be lifted until the government is satisfied that the gas can be tapped in an environmentally sustainable fashion. French firms like Total, which holds licenses for exploration, want to explore for gas in Southern France but are now unable to do so. The German government is proposing legislation to allow fracking only where water sources would not be affected. German reserves, however, are not thought to be very large (Natural Gas Europe, 2012). The British government has adopted a cautious approach although some fracking operations are underway. It is monitoring developments in Poland, although a British Parliamentary report suggests that shale gas is not likely to be an energy game changer in that country (Ernst & Young, 2011). In Bulgaria, public resistance to a government decision to issue shale exploration licenses has been marked. Public protests against a government concession to Chevron in North East Romania have focused on the incompatibility of the industry with tourism while in Britain, protestors have managed to close down several drill sites (The Economist, “Frack on”). On the other hand, the public in Poland is very receptive to the industry and recognises both the economic and strategic advantages of developing this domestic energy source. 
VI. CONCLUSIONS
61. The boom in the unconventional oil and gas business is rapidly transforming the global energy outlook. Indeed a game changing transformation may be underway that could require energy markets to manage some degree of energy abundance rather than energy scarcity (Bremmer and Hersh, 2013). This could ultimately diffuse power in an industry which has long been dominated by cartels, oligopolies and producers operating as proxies for states and the rulers that oversee them. This development could eventually moderate the behavior of some very autocratic governments that have long leveraged national energy wealth as a way to block political and economic reform and exercise leverage over their energy clients.

62. For the moment the transformation is most dramatic in North America, but there are already spillover effects on global energy markets and these could grow more consequential if the United States begins to export this gas in LNG form. The global impact today is largely arising out the collapse of US demand for imported LNG and falling demand for coal as US utilities transition into cheaper and far cleaner gas powered generation. This is having spillover effects in Europe and beyond. 
63. Europe faces a genuine competitive challenge. Falling gas prices in the United States are driving down manufacturing costs in North America and leading to a relocation of industry back into the US heartland. This process is just starting, but it could accelerate if price differentials persist. European gas and electricity prices are much higher, and this price divergence is beginning to look almost like an external economic shock. Europe will have to respond by bringing down energy prices. It can do so by renegotiating gas contracts so that they more closely track spot prices rather than oil prices, finding new ways to access ever-expanding LNG markets or developing their own unconventional oil and gas potential. Russia is also going to need to reassess the structure of its energy sector and the way it uses this sector diplomatically. It will be under increasing pressure to change as competition rises at a time when its public budgets are ever more dependent on revenues from energy exports. Russia has all the signs of suffering from “Dutch disease” and the cure will ultimately require the state to free up an over-regulated economy and reform a very burdensome and often arbitrary state apparatus. This could provide an opportunity for a new kind of Western relationship with Russia but today’s Russia does not seem inclined to move in this direction. 
64. The unconventional energy boom has many other strategic implications. It is changing the energy profile of the United States and it will likely do the same for any countries or regions that manage to tap into large gas or oil reserves using technologies that make previously inaccessible fossile fuels accessible at low cost. Although it is hard to imagine today, these trends could eventually lower the strategic importance of regions like the Persian Gulf and the broader Middle East for the United States as it ramps up its unconventional gas and oil potential. Already the United States is shifting out of coal and oil and into natural gas in its overall energy use with petroleum use increasingly concentrated in transportation and chemical feedstock. Imported oil constituted only 49% of consumed oil in 2010 and will fall to 42% by 2035. More than a third of US oil imports come from Mexico and Canada and only 18% of the total is imported from the Persian Gulf. For the moment US unconventional oil is replacing the lighter crudes of Algeria, Nigeria and other African producers, but the impact of these changes will eventually be felt throughout OPEC. That cartel will lose market leverage and this could adversely affect a number of its members which have become dependent on producing high volumes at high prices.
65. North America as a whole is heading towards an ever higher degree of energy autonomy which might render it ever less directly concerned with events in the Persian Gulf.  There are a number of reasons why this is unlikely including the essential fungible nature of oil, the law of one price in that industry and the fact that interest in the Persian Gulf is not only energy driven and includes concerns about the region’s stability, nuclear proliferation and terrorism. The Persian Gulf will thus continue to be important even if North America is not importing much energy from the region. But the equation in the region will change as the United States recalibrates its interests there. If India and China become more dependent on Persian Gulf energy, it is likely that they will need to play a greater role in keeping the sea lines of communication open and possibly in supporting stability in supplier countries. The Alliance ought to think through the implications of this and, in particular, reflect on how NATO might be able to co-operate with these emerging powers on these matters of shared interest. NATO should conduct a continuous dialogue on energy security matters. Finally, if substantial new energy resources are tapped in Asia, Oceania, Europe and Latin America, the global energy outlook could change substantially, and this will have all manner of strategic and economic implications that are simply difficult to forecast at this juncture. 
66. But that is a big “if”. Europe, for example, faces a number of problems in tapping into shale gas; it is a densely populated continent where environmental problems can have an immediate impact on surrounding populations. There are a number of open environmental questions surrounding the techniques for drilling for shale gas and oil. Some of the problems have cropped up in United States and have become a source of grave concern in Europe where these environmental problems could have a magnified impact. Well digging and hydraulic fracturing can upset land use patterns, alter regional water use and trigger other political and social problems. Not surprisingly, there is public resistance to this new industry in many European regions. This is slowing down the industry’s development and many countries as well as some in the European Commission are invoking a kind of precautionary principle to study the potential environmental impact thoroughly before making the large investments needed to determine if the industry is indeed viable (DG Environment Newsletter, 2011). On the other hand, there is a real opportunity to diversify supply sources which Europe ignores at its own peril. 
67. In several European countries, there are also structural problems including the lack of drilling infrastructure, uncertain regulatory and tax frameworks, insufficient investment capital, and a lack of appropriately skilled energy workers to ramp up this industry quickly. Europe also needs to develop a more integrated continental scale marketplace for energy with appropriate infrastructure to make this possible. Gas pipelines and improved electrical grids are essential to reducing market segmentation and driving down differentials between spot and long term prices. Building more LNG receiving and delivery systems in Europe and more LNG exporting facilities in North America will also reduce market segmentation and increase energy security. These social, structural, institutional and environmental challenges, for the moment, are slowing down the development of unconventional gas and oil industries in Europe. This could ultimately result in a serious competitive disadvantage for those parts of Europe wedded to long-term gas contracts and thus compelled to pay structurally higher electricity prices than in the United States. These complex developments are adding a high degree of uncertainty to the global energy picture. This uncertainty could begin to impinge on long-term investment decisions including investment in critical pipelines.
68. Although enormous technological strides have made the emergence of this industry possible, advances are needed to make the industry more environmentally sustainable. Governments need to assure that high environmental standards are met even if this adds to the cost of gas and oil. This requires sound regulation and well-trained enforcement staff in sufficient numbers to ensure compliance. Real environmental costs will have to be paid one way or another, and under-regulation essentially subsidizes practices that are harmful to the environment
69. Along these lines, local communities and other stakeholders must be engaged from the outset in areas where there is the potential to develop unconventional energy industries. Efforts are needed to minimise disruption of those communities and critical issues like water use must be monitored to ensure that the needs of those communities are respected. Well sites should be as remote as possible from these communities and must be sufficiently deep so as not to threaten critical ground water suppliers. Proper cementing of drill holes and water treatment standards are also essential. Tighter regulation of flaring at shale oil facilities is also important as the practice is both wasteful and environmentally damaging. Finally, the public must be informed when accidental leaks or other environmental accidents occur. This is critical to building trust and ensuring high standards over the long-term. The International Energy Agency has published a set of “Golden Rules” which provide a broad outline for regulation and compliance. These include the need for full transparency and public dialogue, water protection measures including secure wells and water treatment, and efforts to minimize flaring. Of course, higher standards drive up costs, perhaps as much as 7% of total price to implement the IEA’s “Golden Rules”, but so does environmental neglect. High standards for industry are critical to achieving environmental sustainability and public acceptance, both in North America and in Europe (IEA Golden Rules, 2013). 
70. Only by following these kinds of guidelines will the industry gain wider acceptance among skeptical publics. Indeed, public concerns have been a critical roadblock to the expansion of this industry in Europe. There is clearly a need for full transparency in the industry. Withholding secrets under the rubric of preserving proprietary information cannot be justified when matters of public health and impacts on local environments are at stake. Again, governments have a vital oversight responsibility here and have every right to demand a higher degree of transparency. There is likely to be resistance from industry on these matters, but frankly transparency is the cost they must pay for doing business. This is the only way to build public confidence in a new and important energy source that can bring enormous economic and security benefits if properly regulated. 
71. There have been substantial improvements in energy efficiency on both sides of the Atlantic over the past decade. But there is much more that can be done on this front to improve the environmental, security and economic prospects of the trans-Atlantic community. With shale gas driving energy prices down in some markets, it is important not to lose a sense of vigilance about improving energy efficiency. This too requires a degree of regulatory intervention. The United States, for example, has made great strides by putting into place more stringent Corporate Average Fuel Economy (CAFE) standards and developing a range of other energy efficiency targets; yet the IEA estimates that it, like most developed countries, can do far more on this front and thereby reap substantial economic, security and environmental benefits. 
72. 
Diversification of energy supplies makes strategic sense. It is prudent for government and the private sector to continue to work to ensure that renewables are part of the overall energy mix and that research in the field is generously funded. Some will argue that the market alone should decide the energy research agenda. But this is misguided market fundamentalism and, if anything, the current boom could generate time and resources to discover cheaper, cleaner, more abundant and even more secure sources of energy for future generations. Likewise, governments need to continue to push for efficiency gains. Experts believe that there are enormous gains to be had by adopting sensible energy efficiency standards and the benefits of doing so are economic, environmental and strategic. Those who argue that imposing these standards is too costly or an unwarranted governmental venture into the market, do not understand the nature of externality costs which can only be recouped by government intervention. That said, governments must refrain from over reaching, and standards must be adjusted over time as technology evolves. 

73. Finally, NATO’s role in securing greater energy security will likely remain somewhat limited. There are other international organizations, and particularly the IEA, that are directly engaged in efforts to ensure best practices and the open exchange of information. Of course, national governments have the greatest capacity to improve the energy security outlook by establishing adequate regulatory frameworks and by co-operating with their neighbors to build more efficient energy networks and infrastructure. NATO is a hard security organization and its most important tool is the collective military capabilities and presence of Allied forces. These forces whether through NATO or through more ad hoc configurations, are likely to play a more important role in defending the global commons including the sea lanes of trade and communication. But this is the very hard end of the security spectrum. National and international efforts to insure future energy security will have far more to do with: the manner in which markets are structured and made flexible, the effectiveness of regulation, international efforts to open markets, technological advance and a willingness to embrace it, and improvements in energy conservation. National parliaments can make an enormous difference in all of these areas and will need to embrace change in order to achieve greater levels of energy security in the future. 
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