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***ASTEROID MINING AFFIRMATIVE***

**1AC**

1AC Plan Text

The United States federal government should deploy autonomous nano-technology swarms to mine asteroids beyond the earth’s mesosphere 

1AC Inherency

Even if asteroid mining is feasible, the only way to effectively do this is to get better technology

Coffey 9 (6/26/09, Jerry, Universe Today, “Mining Asteroids,” http://www.universetoday.com/35918/mining-asteroids/)

Mining asteroids is a thing of conjecture at this time. There are many very valuable minerals to be harvested in nearly every asteroid. In addition to iron and nickel there are deposits of gold, platinum, and palladium in many asteroids. Astronomers have used certain tests to hypothesize the existence of these mineral, but since asteroids were formed in the same way as the Earth, it only makes sense that these minerals are there. There are three classes of asteroids: C-type, S-type, and M-type. More than 75% of them are C-type which are very similar to the sun, just less volatile. The S-type are the ones that definitely contain iron, nickel, and magnesium, but should also contain gold, platinum, and palladium. The third class of asteroids are the M-types. They contain iron and nickel. You can see why asteroid mining is such a valuable possibility.  The minerals to be looked for when mining asteroids are known from the use of telescopic spectroscopy. Telescopic spectroscopy uses the light that is reflected from an asteroid’s surface to see what may be there. Astronomers can even tell that there is water and trapped oxygen on or in many asteroids. Mining asteroids can only be possible if miners can take advantage of the oxygen and water that they find. The only way to be successful at mining asteroids is to be able to carry the least amount of equipment and supplies with you. That is why miners would have to be able to process the oxygen and water that they find. Supplying food would be the greatest challenge to the companies that the miners work for. The next great challenge would be to get rid of waste materials. That is once the miners have managed to find a way to land on the asteroid. The rewards could be great enough to get some company to try to figure out how to overcome these obstacles. The platinum on one asteroid could be worth as much as $150 billion and that is not to mention the gold and palladium that could be recovered. Mining asteroids may only a dream at this time, but science fiction has a way of coming true. The problems currently lie in how to bootstrap along until shipments of equipment and food can arrive. The ability to live off of what is found on as asteroid would be another necessary talent. As a whole we may be light years from mining asteroids, but it will happen in the future, period.

1AC US Power

Contention ___ is US Power

The U.S. is running out of Rare Earth Elements. It can’t make enough on its own and supply chains risk disruption.

Grasso 11  Specialist in Defense Acquisition (3-31-2011,  Valerie Bailey Grasso, “Rare Earth Elements in National Defense: Background, Oversight Issues, and Options for Congress”, http://www.google.com/url?sa=t&source=web&cd=5&ved=0CDMQFjAE&url=http%3A%2F%2Fwww.fas.org%2Fsgp%2Fcrs%2Fnatsec%2FR41744.pdf&ei=_DwCTs2hO4XcsgajzbikDQ&usg=AFQjCNHsoECnLDIW4IV-_zpGzMzXQ0yV-Q)RP

Currently, the United States has only one rare earth mine production facility that is restarting production. However, the lack of a U.S. production capacity in rare earths will persist for the next one to two years. Molycorp, a U.S. company with a mining operation in Mountain Pass, CA, has recently announced plans to resume production after a 10-year break. Molycorp operates a separation plant at Mountain Pass, CA, and sells the rare earth concentrates and refined products from previously mined above-ground stocks. As previously mentioned, Molycorp has secured the final permits needed to construct a rare earth manufacturing facility, which is scheduled to open in 2012.16 On January 24, 2011, Molycorp’s board of directors announced the approval of an expansion plan that is expected to give Molycorp the ability to produce at an annual rate of up to approximately 40,000 metric tons of rare earth oxide (REO) equivalent per year by the end of 2013.17 The company expects that by 2012, the Mountain Pass mine will be able to achieve fullscale production of mining and separating the rare earth elements cerium, lanthanum, praseodymium, and neodymium. However, the Mountain Pass mine will not immediately be able to refine rare earth oxides into rare earth metals. Some rare earth experts are concerned that DOD is not doing enough to mitigate the risk posed by a scarcity of domestic suppliers. Many trade associations are pursuing strategies to raise awareness about what some view as an impending rare earth crisis. Two such associations are the Rare Earth Industry and Technology Association (REITA), a consortium of academic and industry experts,18 and the United States Magnetic Materials Association (USMMA), a coalition of magnet producers, representing aerospace, medical, and electronic materials, who provide critical technologies for defense weapon systems. 19 In February 2010, the USMMA unveiled a six-point plan to address the “impending rare earth crisis,” which it asserts poses a significant threat to the economy and national security of the United States. The six-point plan advocates the formation of an interagency working group with the purpose of restoring a domestic rare earth supply chain.20

Possible Foreign Supply Chain Disruptions 

Some Members of Congress are concerned that disruptions in the global supply chain for rare earths could result in a failure to meet projected needs for these elements in defense-related production and a possible rise in rare earth costs. GAO and the U. S. Department of Energy have examined these issues.

GAO Report on the Rare Earth Supply Chain

In response to congressionally directed requirements in Section 843 of the National Defense Authorization Act of 2010 (P.L. 111-84), GAO examined the rare earth supply chain issues. An April 2010 GAO report addressed the lack of U.S. presence in the global supply chain at each of the five stages of rare earth production—mining, separating, refining oxides into metal, fabricating of alloys, and the manufacturing of magnets and other components. GAO concluded that the United States lacks a domestic rare earth supply chain and offered the following assessment of the current defense rare earth supply: While rare earth ore deposits are geographically diverse, current capabilities to process rare earth metals into finished materials are limited mostly to Chinese sources. • The United States previously performed all stages of the rare earth material supply chain, but now most rare earth materials processing is performed in China, giving it a dominant position that could affect worldwide supply and prices. • Based on industry estimates, rebuilding a U.S. rare earth supply chain may take up to 15 years and is dependent on several factors, including securing capital investments in processing infrastructure, developing new technologies, and acquiring patents, which are currently held by international companies.21 GAO was unable to determine whether DOD faces any supply chain vulnerability issues or the degree to which national security interests are potentially threatened by the current rare earth situation. Its assessment was limited, primarily because DOD stated that it was in the process of performing its own assessment and had not yet identified national security risks or taken steps to address any material shortages. DOD reported that its study would be completed by the end of September 2010. As of March 2011, the study has yet to be completed and released to the public.22 

REE on Asteroids are key to mining REE’s which have uses in the military and the green industry.

Welch et al. 10 President of the International Space University in Strasbourg, France. (Dr. Chris Welch,  Ghanim Alotaibi (KUWAIT) Alexander Melinyshyn (CANADA) Justin Boileau (CANADA) Jonathan Muller (FRANCE) Heather Bradshaw (UNITED STATES) Andrew Navarra (UNITED STATES) Remy Chalex (FRANCE) Shane O'Sullivan (IRELAND) Jing Chun (CHINA) Niall Ó Cuilleanáin (IRELAND) Ben Criger (CANADA) Etim Offiong (NIGERIA) Daniel Desjardins (CANADA) Bastian Olberts (GERMANY) Jolly Dhar (INDIA) Sura Parambethparamby Sreedharan (INDIA) Ana Diaz Artiles (SPAIN) Ruth Pearson (UNITED KINGDOM) Kim Ellis (AUSTRALIA) Michelle Picardo (IRELAND) Stephanie Fouquet Porcheron (FRANCE) Martin Siegl (AUSTRIA) Songtao Gao (CHINA) Masataku Sutoh (JAPAN) Paulo Giacomo Milani (BRAZIL) Sandra Teichert (GERMANY) Magnus Hansen (NORWAY) Oriol Tintore (SPAIN) Zhao Huiguang (CHINA) Rajeev Up (INDIA) Yurika Inoue (JAPAN) Frederique van ‟t Klooster (THE NETHERLANDS) Yuki Kanemitsu (JAPAN) Nicolas van der Maas (THE NETHERLANDS) Konstantinos Kaskavelis (GREECE) Thu Vu Trong (VIETNAM) Amanda Knutson (CANADA) John Walker (CANADA) Joanne Leung (CANADA) Kjetil Wormnes (NORWAY) Xiangyang Liu (CHINA) Celia Yabar Valles (SPAIN) Yang Liu (CHINA) Pawel Zagorski (POLAND),  “ASTRA, Asteroid Mining, Technologies Roadmap, and Applications, pdf link: www.isunet.edu/index.php/component/.../2591-astra-final-report-final-web, video here: http://www.isunet.edu/index.php/news-mediacenter/video-on-demand-mediacenter-361/771-ssp-2010-team-project-astra-presentation) RP

The prospect of sending a spacecraft with mining equipment to an asteroid, and returning with vast quantities of valuable ore or precious metals, has been one of the most anticipated space enterprises for decades. The commercial rationale is straightforward: resources on Earth grow scarcer and more expensive over time as consumption of the finite stockpile continues. A commercial asteroid mining venture seeks to take advantage of increasing mineral prices, and the decreasing costs of space activities, to profitably address mineral market demand.

As previously stated in Section 2, little is known about the precise mineralogical composition of asteroids. Based on meteorite sample data and current prices, we estimate that a small 500 meter diameter asteroid could contain upwards of USD 16 billion worth of Platinum Group Metals (PGM) (Nelson et al., 1993). These revenues are particularly attractive if the metals can be reliably returned to Earth in a cost-effective manner. Determining financial viability, however, is not just an assessment of whether expected revenues will exceed mission costs.

In evaluating any business venture, the issue of opportunity costs must be addressed. Asteroid mining presents a particularly interesting, yet straightforward, opportunity cost question. What is the marginal rate of return of investment dollars for terrestrial mining compared against asteroid mining? In other words, if one was to invest the R&D and operational funds required for asteroid mining in terrestrial mining ventures instead, which would provide a greater return? This question will be addressed later in the section, but until asteroid mining can provide a greater return, it is not economically feasible as investors will not contribute capital for inferior returns.

In addition to the commercial motivation for private entities to pursue asteroid mining, there are other compelling rationales, including economic justifications, for nation-states to pursue these extraterrestrial resources. One can imagine scenarios in which governments would seek to increase their access to natural resources for the purposes of driving domestic economic growth, bolstering domestic industry, building economic independence, or developing national/global security technologies, affordably or profitably.
For example, the People‟s Republic of China currently produces 93 percent of the world’s rare Earth elements (REE), such as dysprosium and terbium, which are critical for certain “green” technologies and military applications (Bradsher, 2009). These elements are becoming increasingly rare as green technologies take off. Believing that NEOs are a potential source of REE, a national government or group of governments could be motivated to pursue asteroid mining in order to obtain green energy independence, or foster self-sufficient green energy industries. Given the significant capital requirements for asteroid mining ventures, these motivations are relevant as governments could serve as a potential source of capital. This is discussed later in the section.

REE’s are critical to hard power: Precision Guided Munitions, Lasers, Communications, Aircraft, Radiation Protection, Optical Equipment, Sonars, Electronic Counter Measures, and Computers

Hedrick 04  President of Hedrick Consultants Inc. and is retired from the U.S. Geological Survey. James Hedrick retired from his position as the rare-earth commodity specialist for the U.S. Geological Survey in early 2010 after 31 years.  He has studied all aspects of the rare-earth elements for the U.S. Government since 1981. His past responsibilities were to prepare the U.S. Government’s reviews and publications on a variety of minerals and metals. He continues to write articles for the minerals industry and has chaired various sessions on rare earths and strategic and critical minerals in both the United States and Europe. (5-7-2004, James B. Hendrick, “Rare Earths in Selected U.S. Defense Applications”, http://www.usmagneticmaterials.com/documents/RARE-EARTHS-IN-US-DEFENSE-APPS-Hendrick.pdf) RP

The rare-earth elements (REE) have a wide variety of defense applications, some of which are critical to the national security of the United States. As essential materials in the manufacture and operation of defense and weapons systems, the REE are used in many forms from low-purity concentrates and natural mixtures of metal (mischmetal) to ultrahigh-purity compounds and metals. Although they are common in the Earth’s crust, they rarely occur in sufficient concentrations to be economically extractable. The principal sources of the REE are the four minerals, bastnŠsite, loparite, monazite, and xenotime and the rare-earth ion adsorption clays. Production of REE has been primarily from Australia, China, India, Malaysia, Russia, and Thailand, with China being the dominant world producer. Rare-Earths Defined The rare earths are not rare nor are they earths (the historical term for an oxide/nonmetal). The rare earths are a moderately abundant group of 17 metallic elements that includes the 15 lanthanides, yttrium, and scandium. The elements range in crustal abundance from cerium, the 25th most abundant element of the 78 common elements in the Earth’s crust at 60 parts per million (ppm), to thulium and lutetium, the least abundant rare-earth elements at about 0.5 ppm (Mason and Moore, 1982, p. 46). In rock-forming minerals, REE typically occur in compounds as trivalent cations in carbonates, oxides, phosphates, and silicates. Based largely on ionic radius, the REE are classified into two groups; the light-group rare-earth elements from lanthanum to europium, abbreviated LREE, and the heavy-group rare-earth elements from gadolinium to lutetium, including yttrium, abbreviated HREE. REE minerals and deposits generally are classified as either a LREE or HREE type although minerals of both types may occur in a single deposit. Minerals and deposits with LREE are more abundant than those with HREE. RE Ores The REE have multiple ores. The principal rare-earth ores are bastnŠsite, monazite, xenotime, loparite, and lateritic ion-adsorption clays. The majority of the economic REE are derived from LREE ores. BastnŠsite, the principal source of most of the world’s REE, is dominated by LREE. It has been mined from several igneous carbonate-rich deposits called carbonatites (Mountain Pass, CA, USA; Mainning, Sichuan Province, China; Weishan, Shandong Province, China, etc.) and from the Bayan Obo, China, iron-niobium-REE deposit, with geologic affinities to both carbonatite and hydrothermal iron-oxide (-Cu-Au-REE) deposits, such as Olympic Dam, Australia, and Kiruna, Sweden (Haxel and others, 2002). Monazite, a rare earth-thorium phosphate mineral, is quite similar to bastnŠsite as a LREE ore, however, it contains slightly more of the HREE, especially, yttrium, dysprosium, and gadolinium. The negative aspect of mining and processing monazite is its typically high content of thorium, a naturally occurring radioactive element (4.5%-10% ThO 2 equivalent). The radioactive content has virtually eliminated monazite production except in small quantities from southeast Asia and India. It is typically mined as a heavy-mineral sand from fluvial or aeolian beach or dunal deposits. It is recovered as a byproduct during processing for ilmenite, rutile, and zircon or cassiterite. Loparite, a lesser known LREE ore mined from Russia’s Kola Peninsula, is an oxide mineral. It has a small HREE content that is similar to monazite’s, but with a more balanced REE mix. Loparite is recovered by hard-rock mining methods from the alkali massif’s porphyritic rocks with concentrations in the urtites and their feldspar equivalents, juvite and malignite (Hedrick and others, 1997). Xenotime, a HREE ore, is mined as a byproduct of tin mining and to a lesser extent, as a byproduct of heavy-mineral sands mining. Like monazite, it is a phosphate mineral and was the major ore of yttrium until the mining of the ion adsorption lateritic clays became dominant as a result of lower mining costs and higher abundance. The ion adsorption lateritic clays are HREE ores. The ore mined in Longnan, Jiangxi Province, China, is enriched in yttrium and is the world’s main source of REE. The REE distribution of the Longnan ore is analogous to xenotime and was obviously derived from the intense weathering of this mineral. The lateritic ion adsorption clay from Xunwu, Jingxi Province, China, is LREE-enriched, however it still has a much higher HREE content compared to the other LREE ores, bastnŠsite, monazite, and loparite. This ore also is a significant source of the world’s yttrium supply. World REE Supply The world’s REE supply is provided primarily from China. In 2002, the latest available production data, China produced 97,000 short tons (88,000 metric tons) equivalent REO. This represents 90% of the world’s total production of 108,000 short tons (98,200 metric tons) REO (Hedrick, 2004). Principal uses were in glass polishing and ceramics, petroleum refining catalysts, metallurgical additives and alloys, automotive catalytic converters, rare-earth phosphors, permanent magnets, and miscellaneous applications. U.S. REE import sources in 2002 were China with 62% and France with 12%. Intermediate REE compounds processed in France, however, were primarily sourced from China (Hedrick, 2004). The REE ores are processed by various methods to make intermediate REE concentrates and are further purified using solvent extraction and selective precipitation. These REE are used in hundreds of products, including several that are critical to defense applications. Precision Guided Munitions REE are used in both missiles and “smart” bombs which are broadly classified as precision guided munitions (PGM). Missiles are classified into eight categories; air-to-air, air-to-surface, air-launched bombs, cruise, anti-ship, surface-to air, surface-to-surface, and strategic nuclear missiles. Although most of the missiles covered in these eight categories incorporate rare earths, only a select few are discussed in this paper (Missile data were provided by the U.S. Government and its contractors, including the U.S. Army, Navy, Air Force, Marines, National Guard, The Boeing Company, Lockheed Martin Corporation, and Raytheon Company). Each missile uses samarium-cobalt permanent magnet motors to direct the moving flight control surfaces (fins) (Hedrick and Templeton, 1991). Air-to-air Three types of missiles are classified as air-to-air, the AIM-9 “Sidewinder,” the AIM-54 “Phoenix,” and the AIM-120 AMRAAM. The AIM-9 “Sidewinder,” which uses infrared heat-seeking targeting, has four fins mounted on the forward section of its fuselage that control its flight trajectory with rare-earth magnet motors. The AIM-54 “Phoenix” is a long-range missile that uses semiactive and active radar guidance. It is directed by samarium-cobalt motors positioning the fins at the rear of the missile. The advanced longer-range AIM-120 AMRAAM (Advanced Medium-Range Air-to-Air Missile) is replacing the AIM-7 air-to-air missile. Movable flight surfaces of the AIM-120 are mounted mid-fuselage and are directed by samarium-cobalt actuators. Air-to-surface The AGM-84E SLAM (Standoff Land Attack Missile) missile was designed to attack ships and land-based targets. The SLAM is directed by rare-earth-controlled fin actuators that are mounted mid-fuselage and has a range of over 70 miles (113 km). The AGM- 8 8 HARM (High speed Anti-Radiation Missile) is an anti-radar missile. Designed to seek and destroy radar-emitting sources, it can be fired at an active radar source or launched in loiter mode, where it will cruise and delay targeting until a radar source is activated. Fins are controlled by rare-earth magnets that direct the missile based on guidance data from rare-earth microwave-sensing devices. Stinger handheld missiles Small, lightweight, and portable, the stinger missile can be easily hidden inside a car or a van. The missile has heat sensors in the tip and a computer that guides it straight to an aircraft’s engines using rare-earth magnet motors to control the fins. They can shoot down an aircraft as high as 11,500 feet (3,505 meters) and can attain a velocity of Mach 2.0. Cruise missiles The only production cruise missile in this category is the BGM-109 Tomahawk. The BGM-109 Tomahawk missile deploys its flight control surfaces after launch. The guidance system of the Tomahawk is connected to tail control fins that use direct drive rare-earth magnet actuators. Smart bombs U.S. Joint Direct Attack Munitions (JDAM) area group of air-to-surface “smart bombs” that use neodymium-iron-boron magnets to control the drop direction when dropped from an aircraft. The JDAM program retrofitted existing munitions by adding directional control for improved accuracy; reclassifying them as PGMs. JDAM’s include the GBU-29 (350-lb), GBU-30 (500-lb), GBU-31 (2,000-lb), GBU-32 (1,000-lb), GBU-35 (1,000- lb), and the GBU-38 (500-lb). Other bombs retrofitted with tailkits using rare-earth magnets are the Global Positioning System Aided Munitions (GAM) encompassing the GBU-36/B (2,000-lb) and the GBU-37/B (4,500-lb) penetrator known as the “bunker buster” (Kopp, 1996). Lasers U.S. defense forces employ neodymium:yttrium-aluminum-garnet (Nd:YAG) lasers as rangefinders, target designators, and target interrogators. Onboard U.S. tanks and other vehicle-mounted weapon systems, rare-earth lasers are used to determine the range of enemy targets at distances of over 22 miles (35 kilometers). Portable rangefinders, carried by ground troops, have a range of at least 9 miles (14 kilometers). Portable target designators , which illuminate a target with a precisely coded beam of laser light, operate at ranges up to 30 miles (48 kilometers), while airborne laser target designators are operable to distances of 80 miles (129 kilometers). The laser-equipped computer gun sight on the Abrams M1A1/2 tank combines a Raytheon rangefinder and integrated designator targeting system for a high-probability first hit. Rare-earth laser interrogators are used for enemy detection and countermeasures. A short laser pulse, often in the ultraviolet (UV) range, is emitted that illuminates the object and allows a receiver to analyze and determine if the object is friend or foe. Object information determined includes object type, speed, direction of movement, analysis of its weapons system, and appropriate response. A second type of laser interrogator scans for enemy optics, and upon detection, employs countermeasures to evade detection and/or destroy the enemy system. A third type of interrogator, typically attached to a missile weapons system, emits a predetermined wavelength and pattern to visually interrogate multiple objects in the battlefield. Within milliseconds, it elicits a predetermined signal or response from all friendly objects in the battlefield and launches missiles to destroy all unidentified (unfriendly) objects. The principal system used to detect underwater mines uses a rare-earth laser system. The airborne countermeasure system known as “Magic Lantern” uses a blue-green frequency-doubled Nd:YAG laser to scan below the water surface (Military & Aerospace, 1997). Communications Traveling wave tubes (TWT) and klystrons that generate and amplify microwaves use rare-earth magnets in their waveguides. In defense applications, TWT's and klystrons are used in satellite communications, troposcatter communications, pulsed or continuous wave radar amplifiers, and communication links. To focus the electron beam, periodic permanent magnets of rare earths are used in wide bandwidth helix TWT, while nonperiodic permanent magnets are applied in higher-energy, narrow bandwidth klystrons. Rare-earth lasers are used in line-of-sight communication links in satellite- and ground-based systems. Communication lasers have had limited application in satellites that are in geosynchronous or geostationary orbit (GEOs), but expanded use is planned in low Earth-orbit (LEOs) satellites. Laser light’s higher frequencies allows a greater bandwidth and faster data throughput than conventional microwave transfer. Erbium-doped fiber and fiber amplifiers are applied in high-capacity fiber optic systems. In field scenarios, distribution of a fiber optic communications grid can be quickly accomplished by ground troops, vehicles, or fast line distribution from helicopters. Advantages of the erbium-doped fiber are its capacity to carry large amounts of digital data, its ability to cover large distances without a repeater or signal amplifier, a wide range of temperature stability, immunity to interchannel crosstalk, and security from outside interference and electronic interception. Rare-earth speakers Neodymium-iron-boron permanent magnets are used in speakers and other sound system components (tape, hard disk, and CD/DVD drives) used in psychological warfare. For example, in Ethiopia, a decoy invasion was staged in darkness using the sounds of ships, tanks, helicopters, and voices created by speakers on rafts. Meanwhile the landing force quietly came ashore miles away. Samarium-cobalt or neodymium-iron-boron rare-earth permanent magnets, and terbium-iron-nickel alloy with dysprosium (Terfenol-D) are used in stealth technology in helicopters to create white noise to cancel or hide the sound of the rotor blades. Terfenol-D, a magnetostrictive alloy, was originally developed by U.S. Navy scientists for use as a transducer for sonar applications (Clark, 1980). Sensors monitor noise or vibration levels, then computers drive Terfenol-D actuators to provide equal force at the same frequency, but 180° out of phase, effectively eliminating the noise or vibration. Aircraft Samarium-cobalt permanent magnets are used in generators that produce electricity for aircraft electrical systems. In addition, small high-powered rare-earth magnet actuators are employed in moving the flight control surfaces of aircraft, including flaps, rudder, and ailerons. Yttria-stabilized zirconia, a high-temperature resistant ceramic coating, is used as a thermal barrier in the “hot” sections of jet engines to protect the metal alloys. Yttria keeps the zirconia from changing from a tetragonal to monoclinic structure, which would degrade the ceramic’s high-temperature stability and strength. The ceramic coating is used in the Pratt & Whitney F100-PW-229 turbofan engine for the McDonnell Douglas Corp. F15 Eagle and the Lockheed Martin F16 Fighting Falcon fighter jets (Hedrick, 1990). Displays Color televisions and computer monitors are essential components in many defense system control panels to display and quickly communicate data, especially in avionic displays and vision enhancement screens. Rare earths have been used in color cathode ray tube (CRT) phosphors since the early 1960s. Europium-yttrium compounds have long been used as a red phosphor in CRT screens because of its sharp excitation color peak at 611 nanometers (nm). Color super video graphics array (SVGA) monitors typically use medium-to-short persistence phosphors. This enables faster SVGA image changes and eliminates ghosts. Cerium oxide is an additive in CRT glass to reduce “browning” from electron emissions and as a glass polishing compound for CRT faceplates. Recent technology uses liquid crystal digital (LCD) displays in flat panel displays (FPD) for computers, avionics, and weapon system monitors. FPDs typically use either twisted nematic/super-twisted nematic (TN/STN), thin film transistor (TFT) LCD technology, or plasma display panels (PDP) (Asahi Glass Co. Ltd., 2003). All of these FPDs have glass panels or substrates that are polished with cerium oxide. Avionic displays use terbium-doped gadolinium oxysulfide and lanthanum oxysulfide phosphors for high-luminescence. The rare-earth avionic phosphors emit yellow-green light at 542 nm and 545 nm wavelengths, respectively (Teckotsky, 1981). Installed on the Abrahms M1A1/2 tank is a Raytheon AN/VSS-5 Drivers Vision Enhancer that allows the driver to view the horizon using a microwave (7.5- to 13-micron) multielement detector array. Radar Systems Rare earths are used in several applications in radar systems. Rare-earth permanent magnets, typically samarium-cobalt, are used in the radar’s TWT to focus the microwave energy. Yttrium-iron garnets (YIG) and yttrium-gadolinium garnets (YGG) are used in phase shifters, tuners, and filters. These systems are used in the PATRIOT (Phased Array Tracking to Intercept of Target) air defense missile system’s guidance and radar control group (Hamant, 1977). Samarium-cobalt magnets are used in both the missile's and radar system's TWT (oral communications, Robert F. Hatem, Manager, Customer Relations, and Howard L. Graves, Patriot Program, Raytheon Co., Bedford, MA, June 25, 1993). YGG’s are used in the toroids in the PATRIOT’s phased array elements and in the radio frequency (RF) circulators in the radar and missile. RF circulators magnetically control the flow of electronic signals. Samarium-cobalt permanent magnets are used to focus the electron beam of radar magnetron tubes. Magnetron tubes are used in ground-based systems for air traffic control and surveillance radar, search radar, and weapon fire-control radar. Defense radar also is used for anticollision and avoidance, weather detection, and as a navigational aid in aircraft and naval applications. Cross field amplifiers (CFA) generate moderate bandwidth, moderate gain, and output signals in a smaller and lighter weight unit than traditional microwave tubes. CFA are used in ground-based, airborne, and phased array radar applications. Output is typically focused with samarium-cobalt magnets. CFA are used in the phased array system of the AN/SPY-1 radar in the Navy’s AEGIS system. The AEGIS radar and missile array is the most advanced shipboard system deployed for antiaircraft and antimissile defense. Yttria also is used in some electron-emitting cathodes in TWT, magnetrons, and other devices. Coatings Gadolinium metal, applied as a paint or coating, was used as a defensive measure against neutron radiation. Gadolinium, which has the highest neutron capture cross section of all the elements, is the material of choice for absorbing high-energy neutrons. Optical Equipment Cerium-based compounds are used as polishing media for many types of optical lenses encountered in the battlefield. Many of these lenses also contain the additive lanthanum oxide, to increase light refraction and decrease dispersion. Precision polished optical lenses are used for ranging, targeting, observation, detection systems, countermeasures, photography, and protection from harmful laser wavelengths, flashblindness, UV and reflected light. Rare earth-containing optics are used in binoculars, rifle scopes, laser targeters and designators, telescopes, microscopes, protective eyewear, rangefinders, night-vision equipment, camera lenses, filters, and protective lenses. Sonar Terfenol-D rare-earth alloy is replacing piezoceramic materials in several devices including high-power sonar on ships and submarines. Terfenol’s response to a magnetic field is 200 times faster than a mechanical device. It also has recently been designed for use as a diesel fuel injector, adjusting its size almost instantaneously to dispense the proper amount of fuel. Terfenol also is used in actuators to quickly, forcefully, and precisely adjust, aim, balance, and control all types of equipment, such as lasers, reflectors, and lenses. Ultrasonic transducers REE ultrasonics, defined as the oscillations in a frequency range between 16 kHz and 1 GHz that cannot be heard by humans, are used in sonochemistry, ultrasonic welding, food processing, waste material conversion, ultrasonic machining, medical tools, hand tools, and to kill bacteria. Sonic transducers Terfenol’s acoustic energy is developed through the expansion and contraction of a highly tuned acoustic element, driving high-pressure waves. The oil industry uses this property in a downhole instrument to increase the strategic supply of oil. This acoustic energy, or sound energy, results from a change in pressure. The introduction of acoustic or vibratory energy into an oil-bearing formation affects oil recovery in several ways. Vibration reduces surface tension between the oil and the rock wall, freeing the oil to leave the pores and flow to the well bore. This same vibrational energy also results in the elimination of surface films that prevent oil from flowing out of the pores. Computers Computers having neodymium-iron-boron permanent magnets are used in many defense systems. Designed to withstand vibration, impact, and g-forces, rare-earth disk drive motors and actuators are installed in aircraft, tanks, missile systems, and command and control centers. Electronic Counter Measures Electronic counter measures (ECM) cover a wide array of applications. ECM systems comprise equipment to detect a variety of electronic signals and transmissions in the battlefield. Interactive ECM equipment acts to jam, absorb, redirect, or return false data. Jammers act to interfere with an enemy’s original signal so it becomes scrambled or useless. ECM can also capture radar transmissions and cancel the returning signals by matching or shifting wavelengths. Radar data also may be intercepted, analyzed, and returned as a false reflected signal that redirects missiles off-target. Interactive ECM systems are used to intercept voice and wavelength transmissions, analyze the message, alter the message, and retransmit a false or conflicting voice or signal that will confuse, divert, or even cancel an enemy’s mission. Rare earths, including gadolinium, yttrium, and samarium are used in several types of ECM equipment such as the Tail Warning Function (TWF). The TWF is a defensive system that uses a pulsed Doppler radar to detect missiles approaching the aircraft from behind and dispenses defensive countermeasures to defeat the attack by jamming them with ECM. Future Supply​ Future REE supplies are expected to be primarily from the Bayan Obo and Mianning deposits in China. Lesser amounts of REE are expected to be sourced from Australia’s Mt. Weld carbonatite, India’s heavy-mineral sands deposits in the States of Kerala, Orrisa, and Tamil Nadu, and the United States’ Sulphide Queen carbonatite at Mountain Pass, CA. 

Asteroids specificially contain important, mineable semiconductor group metals.
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The geological characteristics of NEOs are governed by the environment in which they formed. Most asteroids condensed just after the formation of the solar system, as reflected by their age (approximately 4.7-billion years). The environment allowed larger bodies, especially planets, to differentiate gravitationally – pulling such elements as iron, nickel, and platinum group metals (PGMs) to the core. There is a strong correlation to the thermal environment as well. Bodies forming at the edge of the solar system cooled more rapidly, slowing or stopping this differentiation process. Smaller bodies did not develop sufficient mass for gravity separation and reflect the original distribution of elements from the supernova event. PGMs are quite abundant in these small bodies, called chondrites after their agglomeritic nature, hinting at the original distribution of elements in the solar nebulae. As noted above, this solar-system-wide differentiation mirrors the localized differentiation on Earth, especially the sequestering of heavy elements in the planetary core. Based on spectroscopic studies and on “ground truth” from meteorite studies, near-Earth asteroids appear to possess extremely variable and wide-ranging compositions. 19 They include stony silicates with enhanced levels of semiconductors and of platinum group metals; 20 bituminous or carbonaceous bodies; 21 dormant or extinct comets with remnant ices and clay minerals; and reduced metallic bodies, composed in large part of nickel-iron alloy. 22 All of these substances may someday be valuable feedstock in the construction of infrastructure and supply of fuel for development of an orbital economy. The compositions of asteroids are inferred from laboratory studies of meteorites and from spectral reflectivity studies of asteroids at ultraviolet, visible, and near-infrared wavelengths. Meteorite samples are the primary source of detailed data for asteroid chemical composition, especially trace metals. A rough spectral taxonomy of asteroid types separates them into three broad categories: · C-type (carbonaceous) asteroids are water-bearing with very high contents of opaque, carbonaceous material. · S-type (stony) asteroids are anhydrous and rocky, consisting of silicates, sulphides, and metals. · M-type (metallic) asteroids exhibit high radar reflectivity characteristic of metals.  About half of the kilometer-sized NEO population is believed to be carbonaceous, and thus carbon- and water-rich. 23 If one assumes the other half to be dominated by S-type asteroids with a few percent of M-type bodies, one can estimate that the noncarbonaceous asteroids contain the following: about 20 percent metallic iron-nickel alloy; about 6 percent of the ferrous sulphide mineral troilite, and large amounts of olivine, pyroxene, and plagioclase feldspar; trace amounts of rare and valuable metals (especially PGMs) and non-metals (e.g., arsenic, selenium, germanium, phosphorous, carbon, sulphur). The mineralogical, chemical and physical properties of four different asteroid types based on meteorite samples are shown in Figure 5. Figure 5. Mineralogical, Chemical and Physical Properties of Asteroids 7.0- 1.5-1.9 7.8 3.53.8 Density 3.3 2.0-2.8 (g/cm3 ) Physical TiO2 — — — — 7.7% CaO — — — — 12.1% P2O5 0.28% 0.23% 0.28% — 0.12% K2O 0.04% 0.04% 0.1% — 0.15% Na2O 0.55% 0.3% 0.9% — 0.44% Al2O3 2.4% 2.1% 2.1% — 13.8% MgO 23.8% 20% 24% — 8.2% SiO2 33.8% 28% 38% — 42.5% Mineral FeO 15.4% 22% 10% — 15.8% Oxides S 1.3% 2% 1.5% — 0.12% H2O 5.7% 12% 0.15% — 0.045%6 1.9- 3% — 0.014% 3.0% C 1.4% Volatiles Co 0.11% — 0.1% 0.5% — Ni 1.4% — 1-2% 10% — Free Metals Fe 10.7% 0.1% 6-19% 88% 0.1% Lunar Regolith MType SType Mineral C2-Type C1-Type 7.0- 1.5-1.9 7.8 3.53.8 Density 3.3 2.0-2.8 (g/cm3 ) Physical TiO2 — — — — 7.7% CaO — — — — 12.1% P2O5 0.28% 0.23% 0.28% — 0.12% K2O 0.04% 0.04% 0.1% — 0.15% Na2O 0.55% 0.3% 0.9% — 0.44% Al2O3 2.4% 2.1% 2.1% — 13.8% MgO 23.8% 20% 24% — 8.2% SiO2 33.8% 28% 38% — 42.5% Mineral FeO 15.4% 22% 10% — 15.8% Oxides S 1.3% 2% 1.5% — 0.12% H2O 5.7% 12% 0.15% — 0.045%6 1.9- 3% — 0.014% 3.0% C 1.4% Volatiles Co 0.11% — 0.1% 0.5% — Ni 1.4% — 1-2% 10% — Free Metals Fe 10.7% 0.1% 6-19% 88% 0.1% Lunar Regolith MType SType Mineral C2-Type C1-Type This table depicts four representative asteroids based on four different meteorite types. Note that individual meteorites vary dramatically in composition, and this table presents samples from within only four categories. Source: B. O’Leary at al., Retrieval of Asteroidal Materials, Space Resources and Settlements, NASA SP428 (1979) pp. 142–155; Apollo 11 lunar soil sample data.Profitably Exploiting Near-Earth Object Resources Page 9 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Carbonaceous asteroids contain important commodities for life support and are therefore important targets for future mining. Our knowledge of these bodies is based on the chemical analysis of meteorites believed to come from these parent bodies, known as carbonaceous chondrites. Carbonaceous chondrites are named after the tiny pellets of rock called chondrules embedded in them, a result of a kind of chemical fractionation unique to small bodies. They are crumbly, and probably came from parent bodies that were too small to undergo a large degree of gravitational differentiation or are collision ejecta from less than catastrophic collisions of slightly differentiated bodies. 2.6. Platinum Group Metals Platinum-group metals (PGMs) include the six metallic elements platinum, palladium, rhodium, ruthenium, iridium, and osmium. Platinum occurs either in placer deposits or in host mineral deposits. Other PGMs are often alloyed with platinum, and gold is a common deposit on platinum crystals. While PGMs may have been abundant during stellar formation, they are highly depleted in the Earth’s crust and are found in only a few locations on its surface. Many asteroids are believed to be made up of primitive core materials rich in sidereal elements such as rgw PGMs that are so rare in the Earth’s crust. PGMs are found dissolved among metallic phase grains, especially in ordinary chondrites. PGMs represent perhaps the most attractive NEO resources. Unlike other potential NEO resources, PGMs have commercial values of thousands of dollars per kilogram, making them especially attractive as candidates for refining and returning to Earth. In fact, Lewis and Meinel have asserted that "all common classes of meteorites contain higher concentration of platinum-group metals than the richest ore bodies in Earth's crust," 24 and a growing body of evidence supports this conclusion that concentrations of platinum and other PGMs are significantly higher in many asteroids than concentrations found in the best mines on Earth. On Earth, we observe concentrations of 4 to 6 parts per billion (ppb) in the best mines because there is little platinum in the Earth’s crust (due to the processes discussed above). Concentrations of 30 to 60 ppb are hypothesized in many asteroids with a potential of 250 ppb or even 1,000+ ppb based on meteorite studies (Figure 6). 25 Figure 6. Platinum Concentration in Selected Chondrite Meteorite Samples Ornans Murchison Chondrite Sample Pt (Parts per Million) Allende Jajh de Kot Lalu Kota Kota Qingzhen Daniel’s Kuil St. Sauveur Atlanta Khairpur Adhi Kot Bremervorde Chainpur 1.308 1.160 1.437 0.960 1.092 1.194 1.093 1.037 1.166 0.900 1.075 1.236 0.745 Carbonaceous Ordinary Enstatite Note: Analytical uncertainties are approximately +0.2% for Pt. Source: M.F. Horan, R.J. Walker, and J.W. Morgan, “High Precision Measurements of Pt and Os in Chondrites,” Lunar and Planetary Science XXX (2001).Profitably Exploiting Near-Earth Object Resources Page 10 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Lewis and Hutson note that the metal fraction of the typical LL chondrite contains 50 to 60 parts per million (ppm) of platinum-group metals, and the concentration in the metal grains in CV and CO chondrites could reach 100 to 200 ppm! 26 In addition, platinumrich ore may actually be ponded in loose regolith on some asteroid surfaces, making mining relatively easy. One platinum-rich 1-kilometer asteroid may contain more platinum than has been mined in history plus that contained in all known terrestrial reserves. The most important target selection consideration besides asteroidal composition is the ease of mining and extracting the metal. Mining operations will be easier on larger asteroids because they are likely to have many deep ponds of mineral-rich regolith. Mining metal from an M-type asteroidal core is likely to be extremely difficult compared to extracting it from the chondrite asteroidal regolith. 2.7. Volatiles The other NEO resources of particular interest are the volatiles locked up in these bodies. Comets are thought to be covered by a layer, between 10 centimeters and 10 meters thick, of dirt and/or dark carbonaceous sooty material. A little less than half of the mass of the typical comet is believed to consist of rock-like dust bound together by the ices that make up the rest of the comet (approximately 50-percent water ice, 10-percent CO and CO2, and 0.5-percent of a conglomerate of carbon, hydrogen, oxygen and nitrogen (CHON) materials). 27 The reason both active and dormant comets are attractive from a space resources development perspective is the presence of so many volatiles that could one day be tapped as sources for water, oxygen, and hydrogen fuel for space missions. These objects are rich in the raw materials required to make rocket propellant, construction materials, and even plant food. They are the crucial elements for operating in space and sustaining life there. Volatiles are likely to be easier to extract and process in space than other types of resources (e.g., metals, semiconductors). There is no complicated chemistry or need to reduce rock to rubble. Conceptually, one might need only to vaporize the ice and condense it into a cold finger that can be transported to a desired location or even tapped directly to fuel a solar-thermal steam rocket. The availability of inexpensive, locally produced propellants on orbit and beyond would revolutionize the economics of space operations. Many space-derived propellant systems have been proposed. 28 By far the greatest bulk of materials launched from Earth into space are volatile propellants. In space, expendables used on the International Space Station and manned space missions consist overwhelmingly of volatiles (e.g., air, water, propellant). In addition, the largest proportion by far of materials used by most processing industries is made up of volatiles and organics. Extraction and processing of volatiles from comets combined with technologies such as orbital fuel processing andProfitably Exploiting Near-Earth Object Resources Page 11 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). storage depots 29 and even solar-thermal steam rockets 30 could enable a wide variety of new possibilities along the path from our current small-scale space operations to largescale space industrialization. Native volatiles could be processed to supply space operations, while making possible new industries with low up-front investment. Bootstrapping of transportation with native fuels and industry with chemical microreactors could provide the technological and economic resources for large-scale space industry and space colonization. 2.8. Advantages of NEO Mining While untested and fraught with engineering challenges, NEO mining has the potential to dramatically change the dynamics of many segments of the natural resources industry. It transforms the dynamics and economics of almost every aspect of resource production. Robotic mining of near-Earth objects has several potential advantages over traditional terrestrial mining (Figure 7). Figure 7. Potential Advantages of NEO Mining Prospecting Processing Mineral Rights Environment Lead Time Capital Expenditures Scalability Flexibility Reusability Waste Disposal Description 
 High proportion of targets are likely to succeed as “ore bodies” 
 High grade ore implies easier extractive metallurgy 
 No existing landowners to negotiate with or expensive rights to acquire 
 No environmental laws or constraints increasing mining or processing costs; removes environmentally destructive activities from terrestrial ecosystem 
 Short lead-time to production because initial mission to target is designed to return product – trial mining is relatively easy 
 Fewer large capital expenditures (e.g., mine, plant, town, port, other infrastructure) and plant may actually be leased (eliminating most CAPEX) 
 Plant is can be so small and inexpensive that it is eventually mass produced and discarded after use (making model extremely scalable) 
 Feasibility hurdles lowered due to ability to move to a new target if first target does not meet expectations 
 May be possible to relocate “plant” at end of “mine life” 
 Waste disposal during extraction and processing is not a concern Source: Adapted from M.J. Sonter, Near Earth Objects as Resources for Space Industrialization Solar System Development Journal 1(1) (2001), pp. 1–31. Based on what we have learned about asteroid geology and operating in micro-gravity environments, we can conceive of radically new approaches to mining on an asteroid that may ultimately become much more cost-effective than more traditional mining operations. These advantages and all of the other attractive features of NEOs as targets for mining operations would appear to justify the risk and investment required to take the first steps. 3. Markets The ability to cost-effectively meet existing market needs is the sine qua non of any successful space resources venture. This objective can be divided into three components. First, capital expenditures must be minimized as much as possible. Second, the timeProfitably Exploiting Near-Earth Object Resources Page 12 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). required to generate real revenues must be minimized. Third (and really a corollary of the second), real markets must currently exist for the planned products. 31 Many proposed space ventures are destined to fail because their advocates have not adequately addressed these basic economic considerations. 3.1. Need for Near-Term Markets When exploring the potential commercial viability of various space resources opportunities, the ideal candidates are those where an actual market exists today for the product. Obviously, to make money a product and a market are required. Markets are based on need. There is no market if no one wants to buy the product. Would-be space entrepreneurs have identified many products over the years, but most of the markets are non-existent, hypothetical or government dependent. No independent commercial demand exists today for space habitats and astrocrete or orbital water, oxygen, and metals or helium-3 on Earth except to supply government-sponsored activities. This requirement for existing markets is the reason space tourism is attracting so much attention in general discussions of commercial space development. Several market studies 32 suggest that there is a readily identifiable group of customers who are willing to spend a specific amount of money today for the opportunity to travel into space. Most space resources development schemes, such as proposals to mine lunar helium-3 and return it to Earth for use in fusion power plants, 33 are dependent not only on investment in the infrastructure to mine and return lunar helium-3 but also on the massive investment in time and capital required to actually build a working helium-3 fusion reactor (if that is possible at all in the foreseeable future). Even smaller-scale activities, such as proposals to extract volatiles from comets or potential ice deposits at the lunar South Pole to produce oxygen, water, and fuel for use in space, require not only the investment in the mining and processing of the products but also in the development of a costly space-based infrastructure for actually utilizing those products. Decades of investment and detailed research have gone into studies of building blocks for a potential market on orbit for volatiles produced in space (e.g., orbital maneuvering vehicles, 34 orbital refluiding, 35 orbital fuel depots 36 ) but no such infrastructure yet exists. Without that infrastructure in place, no viable market exists. What makes platinum group metals (PGMs) an attractive product is the existence today of an easily identified, well understood market. Given a reasonable estimate of the cost to produce a quantity of platinum and deliver it to a given buyer at a given time in the future, one can calculate the financial return required to justify the investment with a reasonable degree of accuracy. The existence of the clearly defined market means that one can focus on the nuts and bolts of the capability required to address that market, rather than on building the market itself. And, ironically, this is in many ways an easier business case to build and defend than many of those for the Earth-based businesses that were so readily funded in the late 1990s. 37Profitably Exploiting Near-Earth Object Resources Page 13 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). 3.2. Target Markets Based on the need to achieve relatively rapid return on a reasonable investment, an appropriate approach at this point is to focus on the return to Earth of platinum group metals and complimentary markets (Figure 8). Figure 8. Overview of Target Markets Description 
 Documentary films and videos 
 Sponsorships and branding relationships 
 Advertising 
 Licensing deals 
 Scientific data sets 
 Scientific instruments 
 Asteroid surface samples 
 Platinum for sale directly into terrestrial markets 
 Other platinum group metals 
 Volatiles 
 Semiconductors 
 Other Comments 
 Risk associated with space activities makes sponsorships uncertain 
 Strong public interest in space suggests potential 
 Space Development’s experience with NEAP suggests potential 
 Ability to deliver more results at less cost deliver a powerful value proposition 
 Largest near-term market 
 Main driver of mission design 
 Huge potential growth in demand within next decade 
 Huge longer-term market potential but requires significant infrastructure investments before it can become viable Addressable Market 
 Relevant segment is about $2 billion 
 Expect market to remain fairly stable 
 $100-million market 
 Expect market to be fairly consistent year over year 
 $5.5 billion (2003) 
 Expect $10 billion market within 10 years 
 Negligible today 
 $100 billion orbital market within 15 to 20 years Entertainment/ Sponsorships Scientific Data/Samples PGMs Orbital Use First and foremost, the growing industrial demand and demand for use in jewelry will create a large and sustainable market for platinum and other platinum group metals. Second, the ability to deliver a rich supply of new scientific data as well as a broad selection of actual asteroid surface samples at costs far below that required to mount dedicated science missions, make this capability attractive to academic and research institutions. Third, unique entertainment and sponsorship opportunities hold the promise of attracting customers and partners willing to participate in the production of media content and to purchase content and sponsorship opportunities. Longer term, new markets will develop for near-Earth object resources on orbit: • Volatiles for refueling and supply of manned spacecraft • Semiconductor elements for production of photovoltaic arrays on orbit • Metals and other materials for orbital construction The capabilities required to address the platinum and scientific data markets have the potential to build a strong foundation for the longer-term orbital markets. Initial analysis suggests that the successful launch and operation of the NEO Miner mission concept discussed later in this paper might be capable of producing between $400 million and $1 billion in revenues from a single 3-year asteroid mission, with most revenue derived from the sale of platinum, but with sales of scientific samples and data and sponsorships and media licensing agreements sufficient to offset most of the development and launch costs.Profitably Exploiting Near-Earth Object Resources Page 14 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). 3.3. Platinum Group Metals Markets Demand for platinum and other PGMs will continue to be very strong, and under some scenarios, demand may even outstrip known terrestrial reserves. The global platinum market was worth about $5.5 billion in 2003 with the two largest components by far being automotive ($2.7 billion) and jewelry ($2 billion). The volume demand for platinum by industry segment is shown in Figure 8. Figure 9. Platinum Demand by Application, 1994-2003 (In Kilograms) Source: Johnson Matthey 2004. The growing number of automobiles and the potential large-scale adoption of fuel cell technology are likely to drive significant growth in demand for platinum and other platinum group metals over the next twenty years. The platinum jewelry market continues to grow rapidly as well, fueled significantly by growing demand in Asia. 38 In addition to supplementing the traditional platinum supply, opportunities may exist to exploit the unique quality of ultra-pure asteroid-derived platinum to market jewelry and other precious objects made from it at premium prices. According to a British government study, 39 even without full-scale fuel cell adoption, the transportation industry uses a significant portion of the world’s PGM output. As of 2002, the automotive industry used about 71 metric tons of platinum and palladium annually, equal to 20 percent of global production. This is expected to increase with more stringent pollution controls on diesel automobile engines in Europe and North America. The petroleum industry uses platinum in the catalytic cracking (breaking down of heavy hydrocarbons into lighter ones) of hydrocarbons in refineries. The electronics industry is using increasing amounts of platinum and palladium in the manufacture of hard disk drives and capacitors. In the electronics-related glass industry, demand for platinum is accelerating because it is a required in the production of liquid crystal displays. The chemical industry uses platinum as a catalyst to lower the energy required for a wide range of chemical reactions, such as those used to produce silicone. The "other" category above includes applications such as platinum fillings, spark plugs, pacemakers, catheters, and many other items that require a high-temperature-resistant or a corrosion-resistant metal.Profitably Exploiting Near-Earth Object Resources Page 15 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Platinum prices have remained close to historic highs over the past two years and are expected to remain strong. Current high platinum prices (e.g., $872/oz on May 2, 2005) highlight the critical impact that a supply/demand imbalance can have on price. 40 Increasing demand from Chinese jewelry market has been driven by China’s economic expansion since the mid 1990s. Increasing demand from transportation is due to more stringent emissions controls on diesel vehicles combined with growing market penetration of diesel vehicles in Europe, and anticipated higher auto demand due to economic recovery as well as to fuel cell adoption in the longer term. In addition, mutual funds have increased their investment in platinum. 41 As the same time as demand remains strong and growing, mine expansion efforts are not meeting published company goals. The strong rand has inhibited new capital investment in South Africa. Meanwhile, an oversupply of palladium and other PGM byproducts has reduced margins. 42 Fuel cell adoption may ultimately become the most important dynamic in the platinum market. Platinum is critical to fuel cell performance because it is critical to achieving the required levels of fuel cell power density and efficiency. It is essential to the catalysis of anodic and cathodic reactions in the stack. It is important to the catalysis of reforming, shift, and preferential oxidation reactions in the fuel processor. The fuel cell industry's demand for platinum and other PGMs is expected to eventually dwarf all other sectors and will place an incredible strain on the supply of platinum and the environment. Just as O’Neill 43 justified investment in the development of his massive L5 space colonies with the need to construct space solar power satellites (SSPS) to meet the world’s growing energy needs, exploitation of asteroid resources in part be justified by the desire to find new, more environmentally friendly ways to meet our energy needs in the face of fossil fuel depletion. One step that can be taken to address growing fossil fuel demand is to shift from a petroleum economy to a hydrogen economy, where the gasoline internal combustion is replaced by hydrogen fuel cells. However, one potentially serious roadblock to this shift is the requirement for platinum as a catalyst in fuel cells, 44 with limited platinum reserves and high platinum production costs may slow or even halt fuel cell adoption (Figure 10).Profitably Exploiting Near-Earth Object Resources Page 16 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Figure 10. Potential Impact of Fuel Cell Adoption on Platinum Supply and Demand Note: Total demand includes transportation, jewellery, industrial applications, and stationary fuel cell power generation. Source: U.S. Department of Energy, “Platinum Availability and Economics for PEMFC Commercialization,” DE-FC04-01AL67601 (December 2003). Many studies suggest that widespread fuel-cell adoption could rapidly deplete global platinum reserves. For example, a September 2003 study 45 on potential platinum requirements for hydrogen fuel cells produced for the UK Department of Transport supports the case that we may not have enough platinum to enable a shift to a hydrogen economy. A more recent US Department of Energy study 46 suggests that in some scenarios a shift to a hydrogen economy might put severe strains on global platinum reserves. However, the DOE study suggests that platinum depletion may not be as significant a problem under some slower fuel cell adoption scenarios. Other studies have echoed these findings. A Swedish study found that “[i]n the baseline scenario, the demand for primary platinum in the 21st century amounts to 156 [billion grams], and current reserves and identified resources of platinum would be depleted in the 2050’s and 2060’s, respectively.” 47 Meanwhile, Torn and Das found that under the worst case scenario, half of known PGM reserves will be exhausted before mid-century. This scenario is characterized by a high demand for new vehicles in the developing countries and high penetration of reformer-equipped fuel cell vehicles with relatively high amounts of PGMs. 48 Borgwardt calculated that unrestricted US fleet conversion to fuel cell vehicles would require 66 years and 10,800 tons of platinum. If US platinum consumption remains at its current level of 16% of annual world production, fleet conversion would require 146 years and 15,200 tons of platinum. “These results imply that, without alternative catalysts, fuel cells alone cannot adequately address the issue facing the current system of road transport.” 49 Based on the findings of these studies, analysts can differ on whether a full-scale shift to a hydrogen economy is possible given current terrestrial platinum reserves. What is confirmed by these studies, however, is that platinum is a scarce resource on Earth thatProfitably Exploiting Near-Earth Object Resources Page 17 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). will continue to be extremely valuable for the foreseeable future. This makes platinum an ideal candidate for space-based production and return to Earth for sale. 3.4. Scientific Data and Sample Return Scientific payloads and sample returns are complimentary to primary mission and can be easily incorporated into mission design. Potential customers include academic and research institutes as well as government agencies. The initial design proposed here calls for a set of landers with the ability to collect extensive data both from orbit around the target asteroid and multiple surface locations, as well as to deliver multiple ejectable science payloads and return dozens of sample sets for multiple customers. Sales of scientific data sets includes the ability to purchase data sets or buy space on the vehicle for instruments and ejectable payloads. The design calls for the potential to deliver dozens of sample sets from the asteroid in combination with the data sets and other detailed contextual data. The concept of selling scientific data sets and the ability to fly instruments and ejectable payloads to a target asteroid is not new. In the late 1990s, Space Development Corporation (SpaceDev), a San Diego-based space systems start-up, proposed a mission called Near Earth Asteroid Prospector (NEAP) for which it offered these services at a fixed price. SpaceDev’s NEAP proposal reportedly had 6 or 7 potential customers signed up. SpaceDev’s NEAP commercial price list line items ranged from a low of $10 million for an ejectable experiment, to $12 million for instruments integrated into the spacecraft, to a high of $15 million for science datasets returned by experiments financed and owned by SpaceDev. SpaceDev estimated that it had to fly five or six $10 million ejectable payloads, or five $12 million integrated payloads, or four datasets at $15 million each, or any combination that would produce total revenues of around $60 million. One factor helping to make this concept viable at the time was the ability for organizations wishing to buy sample sets or space on the craft to use NASA Opportunity mission funding. At the time, NASA’s Dr. Carl Pilcher confirmed that SpaceDev’s NEAP could be considered a Mission of Opportunity by those organizations, enabling them to access government funding to participate in the NEAP mission. 50 Sample masses returned must be sufficient to determine the major physical properties of the samples like density, porosity, and mechanical strength. These properties must be determined in order to understand the geophysical properties and internal structures of asteroids. A considerable amount of research was conducted in the 1960s and 1970s to determine the minimum mass required for an accurate determination of bulk compositions of chondrites, with an often-quoted mass being 10 grams. 51 If several laboratories are to independently make such determinations, then the required sample masses will be several tens of grams. An additional consideration is to assure that there is adequate mass to determine the major structural components in a statistically significant way. For example, what are the mineral and phase proportions and what are the chondrule and metal grain size distributions? For many years, these parameters have been considered crucial in understanding meteorites. Such considerations lead to the requirement that each sample must be approximately100 grams. 52Profitably Exploiting Near-Earth Object Resources Page 18 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Is the scientific data and sample market viable today? The SpaceDev experience suggests that it might be a realistic option to help offset the costs of an initial mission. Certainly, it is very complimentary of the primary mission, since much of the instrumentation required to deliver these services is necessary for the primary mission. Scientific data and sample returns from a single mission could generate significant incremental revenue. Based on the SpaceDev experience and the comparative costs for more traditional missions it would seem realistic to price sample returns at $7 to $10 million each for as many as ten sets, as well as $3 to $5 million for various data sets. Conservatively this could generate $50 to $100 million in incremental revenues, offsetting much of the cost of the development and launch of a mining mission. 3.5. Entertainment and Sponsorships In the late 1990s, having observed many Internet ventures that seemed to be supported by little more than advertising and marketing arrangements, several space entrepreneurs set out to build space ventures supported only by advertising, licensing, and marketing. 53 Needless to say, none of these ventures made it even as far as the contemporary dot-coms that eventually collapsed under their own weight as well. The lesson of this experience is not that there are no revenue streams to be derived from savvy marketing and licensing efforts, but that one should not attempt to build an entire space venture on this revenue model alone. The fact is that entertainment, advertising, licensing, and sponsorships represent a potentially lucrative means of offsetting a portion of initial mission costs. In addition, they provide a valuable marketing tool for the venture that can attract investors and other contributors. Sponsorship is the financial or in-kind support of an activity, used primarily to reach specified business goals. Sponsorship should not be confused with advertising. Advertising is considered a quantitative medium, whereas sponsorship is considered a qualitative medium. It promotes a company in association with the sponsee. The sponsorship market, which reached $25 billion globally in 2001, could clearly be an important source of publicity and funding for emerging space markets. While the majority of the market (nearly 70 percent) is dedicated to sporting events, the educational and arts sponsorship markets collectively constitute nearly $3 billion in revenues. 54 Specific sponsorship opportunities consist of agreements by which brands may be associated with the mission and potentially include naming rights, various advertising placements and even the delivery of logos and objects to the target asteroid. Related to these sponsorship rights are advertising agreements, through which revenue derived from sales of advertising space on the spacecraft, delivery of branded materials to the target object, and use of video in advertising. Technology companies may be the most attractive targets for licensing and sponsorship deals, although a broad approach to identification of potential partners should be taken. LunaCorp, for example, has attempted to finance various robotic lunar mission concepts through licensing and sponsorship deals with the likes of Mitsubishi and Radio Shack. 55Profitably Exploiting Near-Earth Object Resources Page 19 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Documentary film rights represent another potential source of revenue. According to the IMAX Corporation, the large-format space trilogy (The Dream is Alive, Blue Planet, and Destiny in Space) has grossed more than $250 million and has been seen by more than 70 million people worldwide. 56 At least seven other large format films deal directly with spaceflight or space science, some of which include footage shot in space from the Shuttle, Mir, the ISS, and various space probes. Media rights opportunities might include sale of exclusive rights to what may be the first high-definition video footage ever returned from deep space. Another form of licensing involves licensing of the likeness of the NEO Miner platform or an ARPS Lander model as toys. NASA has licensed its Mars Exploration Rovers to Danish toy maker Lego, for example, and has signed a number of licensing deals for toys and models of the rovers. 57 3.6. Longer-Term Markets The key longer-term markets are those logical on-orbit markets that will inevitably emerge but which lack the infrastructure to be viable today. These potential orbital markets for NEO resources may be worth hundreds of billions within twenty to thirty years, but as noted above, it will be necessary to invest in orbital substantial new infrastructure before these markets truly become viable. Volatiles. Volatiles may be the easiest products to extract and process, and the potential future orbital market could be enormous. Specific markets include water for use by the International Space Station and for future manned missions, rocket fuel for use in orbital tugs and other spacecraft, and feedstock to supply orbital fuel depots for refueling a wide range of craft in Earth orbit. As noted above, an infrastructure for processing and delivering NEO-derived fuel to orbit would fundamentally alter the economics of space travel beyond LEO. Early uses of asteroidal volatiles may be to provide in situ production of carbon monoxide for use in metal refining and potentially to produce rocket fuel for returning processed resources to Earth. Steam rockets using water derived from NEOs have been proposed 58 and advances in steam rocket technology might make this option feasible. 59 It costs about $10,000 to deliver a kilogram of cargo to low-Earth orbit (LEO). As a result, systems studies have shown that the most expensive part of transferring payloads to geo-synchronous-orbit (GEO) is the fuel. A cryogenic propellant production and storage depot stationed in LEO could lower the cost of missions to GEO and beyond. In 2000 and 2001, studies 60 were conducted at the NASA Marshall Space Flight Center on the technical requirements and commercial potential for propellant production depots in low-Earth-orbit (LEO) to support future commercial, NASA, and other missions. Results indicated that propellant production depots appear to be technically feasible given continued technology development and that there is a substantial, growing market that depots could support.Profitably Exploiting Near-Earth Object Resources Page 20 2005 Gerlach Space Systems LLC. Some rights reserved. This work is licensed under a Creative Commons License (Attribution & Share Alike). Semiconductors. Semiconductor elements represent another potentially significant orbital market. Semiconductors include elements such as phosphorus, gallium, germanium, arsenic, selenium, indium, antimony, tellurium. They are valuable for orbital fabrication of very large thin-film photovoltaic arrays. Production and return to Earth orbit could be a key enabler for a space solar power satellite (SSPS) industry. While the price per kilogram is much lower on Earth than for platinum and other PGMs, the cost of launching these materials into space makes space-based production and delivery to Earth orbit in support of an SSPS industry economically attractive. 61 

Semiconductors key to hegemony

SIA ‘6, (Semiconductor Industry Association, “Innovation Leadership and the Semiconductor Industry,” 1/25/06, http://www.sia-online.org/downloads/Competitiveness.pdf)

For more than 50 years, leadership in technology has been the foundation of American strategy for economic growth, jobs creation and national security. The rapid application of technology to create and manufacture innovative products enables American workers to earn high wages in an increasingly competitive world. While innovation has driven America’s economic strength and security, U.S. leadership is not our birthright. Leadership in technology requires a commitment to excellence in K-12 education and funding basic research in our universities combined with immigration laws that allow the best and brightest from around the world to study in our universities and stay and work after graduation. In addition we must have a business climate that encourages investment and supports risk-taking. The U.S. semiconductor industry provides the enabling technology for thousands of products and services we use every day, such as PCs, cell phones and digital cameras. Semiconductors are also essential to the defense systems that ensure our national security. A vibrant domestic semiconductor industry is critical to U.S. economic strength and homeland security. Basic research conducted at America’s universities and the chip industry’s significant investments in commercialization have made it possible for American companies to maintain world leadership with a market share of nearly 50 percent. But, the U.S. share of leading-edge manufacturing capacity has been eroding rapidly. Other countries are seeking to displace the U.S. as the world’s technology leader by investing heavily in basic research, offering tax incentives and subsidies to attract investment, and training highly skilled scientists and engineers. To maintain our world leadership, we must choose to compete!

Semiconductors key to the military—they provide the materials needed to make equipment

Dos Santos Paulino and Callois, ‘9 DSP is an assistant professor at Toulouse Business School, Callois is a professor at University of Nice-Sophia Antipolis (2/28/09, Victor and Michel, “Innovation and reliability strategies in the military, space and semiconductor industries: a comparative analysis”, http://www.google.com/url?sa=t&source=web&cd=1&ved=0CBsQFjAA&url=http%3A%2F%2Fwww2.druid.dk%2Fconferences%2Fviewpaper.php%3Fid%3D5864%26cf%3D32&ei=XvQETsi8JImdOqPUwMoN&usg=AFQjCNFCvYl5uKKY-Xj7MEHFcSriW_-NaQ)

Intel succeeded in following Moore’s law since 1971, when the ‘4004’ processor came out. As we can see, the number of transistors embedded in Intel’s processors follows the theoretical trend. Because of the capacity to undoubtedly follow this law10, it appears today that it is almost impossible not to use semiconductors in most of electronics devices. The broad-spectrum of possibilities to use semiconductors is one of the key to understand the technical changes observed since several decades. To some extent, it is possible to argue that Moore’s law show the existence of Schumpeterian competition where innovation is the key feature. In that sense, we might consider this law reveals a particular technical evolution trend and a competion environment. At this stage, an interesting question is to know if other industries seek to follow the speed of prevailing technical change in the semiconductor industry or if they prefer to present a slower rate change. Thus, industry dynamics may differ specially regarding the environment in which firms evolve. 3. Change dynamics within the military and space industries. There is not a single answer to this question; we thus decide to pay our attention to the military and space industries because they present a very interesting profile. Their products will be consumed in hostile operational environments such as battlefields, space, or new planets. These industries are large consumers of semiconductors, which is surely a very interesting feature. Relying on the works of Mowery and Rosenberg (1989: 123-160) and of Cowan and Foray (1995), one can distinguish three stages in the development of military and space industries’ position, regarding the semiconductors industry. The first stage runs from the invention of the transistor in 194711 to the first formulation of Moore’s law in 1965. It is characterized by a broad domination of governmental customers in the global demand for semiconductors. In 1965, the American government represented over 70% in the aggregated demand for integrated circuits against 100% of the demand in 196212 (Mowery and Rosenberg, 1989: 147). Demand is dominated by the department of defence (DoD) and the NASA13 since these two institutions always drained more than 80% of the governmental funds of R&D between 1953 and 1965 (ibid.). During this first phase, the military and space demand for semiconductors made it possible for producers to fulfil the requirements in terms of reliability and robustness. Thus, even if according to Mowery and Rosenberg (ibid), the military and space industry did not initially develop semiconductors, they used probably the best available devices thanks to their considerable weight in the total request for semiconductors. 

Iridium is high in demand and necessary for military operations

Baburajan 11,   contributing editor for Technology Marketing Corporation Net (3-14-2011, Rajani Baburajan, “Iridium Wins Contract to Implement Phase 3 of Distributed Tactical Communications System” http://satellite.tmcnet.com/topics/satellite/articles/154102-iridium-wins-contract-implement-phase-3-distributed-tactical.htm)

 Iridium Communications, a provider of mobile satellite services, announced that the U.S. Naval Surface Warfare Center Dahlgren awarded a follow-on task order, under its contract with a subsidiary of Iridium (News - Alert), to implement Phase 3 of the Distributed Tactical Communications System (DTCS) program. DTCS handheld push-to-talk (Netted Iridium) radios use the Iridium satellite network to offer “over-the-horizon, beyond line-of-sight” strategic networks for war fighters. There are currently 5,600 active Netted Iridium radios. With the new project valued at $13.4 million, Iridium will make enhancements to the DTCS infrastructure, including the implementation of theater-wide or Global Reach nets. The project is expected to allow efficiency, capacity and improved quality of service. The investment also enables Iridium to develop prototype next-generation user equipment, company officials said. The DoD has already deployed DTCS radios to carry operations in Afghanistan and Iraq. The Defense Information Systems Agency (News - Alert) (DISA) is deploying the DTCS radios through its Enhanced Mobile Satellite Services (EMSS) program management office, company officials said. “DTCS represents a real breakthrough in mobile military communications, leveraging Iridium's far-reaching global network architecture to provide critical tactical communications for warfighters in places where line-of-sight radios and satellite systems are often blocked by terrain,” said John Campbell (News - Alert), executive vice president for government programs at Iridium, in a statement. The Phase 2 of the DTCS program offers expanded net footprints to 250 miles and increases the number of available nets to 16,000. In Phase 3, Iridium will work on additional architecture enhancements to improve scalability and latency for enhanced communication and situational awareness of the war fighter. Recently, Iridium announced the certification of new Iridium 9602 Short Burst Data (SBD) Transceiver-based partner devices. The certification opened up new markets with solutions enabled by Iridium connectivity. These solutions include applications for tracking assets such as cargo, ships, aircrafts and people.
Iridium is mineable off of Asteroids – In 2036 an asteroid with 2000 years’ worth of Iridium will be less than a 10th of the distance from Earth to Moon

Wrzesniok-Rossbach 07   Head of Sales & Marketing, Heraeus Metallhandelgesellschaft m.b.H..  s previously a Director for Dresdner Bank AG and its investment banking arm, Dresdner Kleinwort Wasserstein,  spent 21 years with Dresdner in Frankfurt and Singapore as precious metals and derivatives trader and, later, as head of the precious metals and commodities desk in Frankfurt. (2007, WolfgangWrzesniok-Rossbach, “It Came from Outer Space: The Facts and Impacts of Iridium, that Rarest of Precious Metals”, http://www.lbma.org.uk/assets/alch48_iridium.pdf) RP
Iridium made up a sizable portion of the massive asteroid that is said to have struck earth 65.5 million years ago, perhaps causing – or at least speeding up – the extinction of the dinosaurs and of many other species. Traces of that massive strike are still found all over the world today, in a small band of sediments from that age that also contains a concentration of iridium many times greater than normal. As iridium is abundant in most asteroids and comets, in 1980 scientists used the presence of iridium in that deposit as proof that a large asteroid must have struck the earth at the end of the Cretaceous period. The publication of those scientific findings came 177 years after iridium had been discovered as an element. Officially, iridium was first recovered in 1803 by British scientist Smithson Tennant, who separated the metal, alongside osmium, from the residue that was left after dissolving platinum in aqua regia. Tennant named the new   element after the Greek word for ‘rainbow coloured’, iridos, because many of its salts are highly coloured. Iridium has a melting point of 2446 C (4435 F) – 1200 degrees higher than that of platinum. It is also eight times stronger than platinum and six times harder, and is the most corrosive-resistant of all metals. This last was one of the reasons why, in 1889, an alloy of 90% platinum and 10% iridium was used to construct the standard metre bar and kilogramme mass. The original metre bar was later replaced, but the kilogram prototype is still the international standard of mass, kept in a vault at the Bureau International des Poids et Mesures (BIPM) near Paris. The concentration of iridium in the geological signature resulting from that prehistoric asteroid is far too small to be mined; industrial users therefore rely on supplies from ore, which is more accessible and easier to mine. In that respect it certainly helps that the very dense, extremely hard, silvery-white metal is found uncombined – but together with – platinum and other platinum group metals in alluvial deposits. It is also obtained as a by-product from nickel mining. As with most platinum group metals, the main source is South Africa, which probably accounts for at least 90% of global supply, with the remainder coming from Russia and North America. In total, only about four tonnes of iridium are produced (and used) each year. On a global basis, that amounts to less than 0.00067 gram per person. The ‘Space Cat’ (and More Common Uses for a Rare Metal) Given that iridium is so rare, it finds its way into a surprisingly large number of industrial applications. However, all of them require only small individual quantities of the metal. The first practical application for iridium was in the manufacture of durable tips for fountain pen nibs and, alloyed with osmium, in compass bearings. In 1908 iridium was used for the first time to make crucibles and other high-temperature apparatuses. Later the metal began to be used for electrical contacts – for example, in spark plugs, where iridium electrodes require less voltage to spark and burn more of the fuel in the cylinder. Since they are extremely resistant to erosion, the spark plug will not need to be changed as often. Iridium also proved useful to the jewellery industry, where it is alloyed with platinum. Today iridium has wide application – in catalysts for carbonylation of methanol to  produce acetic acid…for producing antimatter in supercolliders…crucibles for growing crystals for laser technology…in support of high-dose radiation therapy for the treatment of cancer…and in electrodes for the chloralkali and electrochemical industries  lkali and electrochemical industries. One of today’s most exotic uses relates directly to iridium’s past.Tens of millions of years after the metal literally fell from the heavens, it is being regularly sent back into space – as a chemical catalyst in altitude and orbit control systems for satellites, where the rocket fuel hydrazine is injected in chambers containing the iridium-based so-called ‘spacecat’. In the catalytic reaction the fuel decomposes to gas, which then drives the station-keeping thrusters of the satellite. Compared to the mountainous amounts contained in meteors, today’s space-bound doses are more homoeopathic, amounting to perhaps five kilograms a year. Even though there are many and diverse applications for iridium, the metal is in no danger of becoming a second rhodium insofar as price is concerned. For the most part industrial end-users have been very aware of the fact that the introduction of any major new use would require far greater quantities of the metal than are available each year. Any attempt to change the finely balanced environment of supply and demand risks sending the price sky-high, making the new technology immediately uneconomical. Driving the Price: Catalytic Converters But one of the few exceptions to this rule, in which the availability of the metal was probably heavily underestimated, happened in 1996, when Japanese carmaker Mitsubishi Motors introduced iridium for the first time in the automotive catalysts of its GDI engines. Iridium catalysts had some notable advantages: they were less vulnerable to sulphur contained in the fuel and the cats did not produce nitrous oxide. However, within two years the sudden rise in demand resulting from that new application had sent the price sky-rocketing to $575 per ounce, ten times the level at which the metal had been trading in 1995.The price later stabilised just above $400 an ounce, and remained there for a number of years. When Mitsubishi phased out the iridium-based catalyst in 2000/2001 as a result of its inability to meet the new tougher emission laws in Japan and Europe, demand from the automotive sector collapsed, and the price tumbled back below $100 an ounce. During the last three years the value of iridium has recovered once again, this time driven by a combination of higher physical offtake as a result of the boom in global economic growth as well as by speculative demand, mainly from institutional investors. Currently the metal trades at $450 an ounce – far above the long-term average, but still $200 shy of the highest price ever achieved. Back in 1980, when gold briefly traded at $850, the white metal temporarily reached $675 an ounce, its own all-time high. Given the rareness of the metal and the multitude of its uses, might now be a good time to place a bet on the iridium price by going long?Well, it’s difficult to choose the best time to enter a position, but managing to exit it in good time is at least as important  Friday the Thirteenth, 2029 On Friday the 13th of April 2029, the small asteroid Apophis will pass earth in the range of just 30,000 kilometres – a mere one-tenth the distance from the earth to the moon. Scientists have already analysed the composition of that 350-metre-long icy messenger from the beginning of our solar system. Apparently it contains about 20,000 tonnes of iridium, or 5,000 years of current global production.That sounds like a literally massive reason to be sure to clear an iridium account kept at one of the fabricators in plenty of time. But while it’s possible that in 2029 the technology to mine the ore on the asteroid may not have been perfected, iridium bulls shouldn’t get
Iridium is the only communications network that can access any part of the world at any time

M2M Comm 11 Company, Specializes in the design, manufacture, and operation of web-to-wireless remote monitoring and control products and services. (5/4/11, “Iridium Satellite Network”, http://www.m2mcomm.com/services/remote-monitoring-control/iridium-satellite-network/index.html)

M2M Communications is an application developer for the Iridium network. Iridium is a global satellite data communications company. Their Short Burst Data (SBD) service provides reliable, two-way data communications around the world through a global network of 66 fully operational low-earth orbit (LEO) satellites and accompanying ground infrastructure. The SBD service is ideal for Machine-to-Machine (M2M) communications. Iridium’s products are installed on trucks, trailers, rail cars, containers, heavy equipment, fluid tanks, utility meters, pipelines, marine vessels, oil wells and other assets. The system can send and receive short messages in near real-time, allowing users to access critical information readily, often from areas beyond the geographic reach of terrestrial systems. How It Works – Iridium SBD Brochure M2M Communications products with Iridium SBD compatible modems operate anywhere in the world. These products are readily available today and the prices have dropped significantly over the past few years. However both the product cost and the monthly airtime cost remain higher than products with cellular based models. While most populated areas in North America do offer good cellular coverage, there are still large remote geographical areas where cellular coverage is simply not available. For these areas, and anywhere outside of North America, Iridium may be the answer.

Telecommunications industry is key to the economy

Jerbashian ‘11 (Vahagn, January, “The Telecommunications Industry and Economic Growth: How the Market Structure Matters”  Working Paper Series)

A vast empirical literature suggests that the telecommunications industry (telecom) makes a significant contribution to economic growth (e.g., Roller & Waverman, 2001). 1 The infrastructure investments in telecom seem to be the most highlighted driver of that contribution. According to economic theory, these investments can lead to economic growth in various ways. Most intuitively, these investments, while expanding the telecom networks, can increase

And Platinum is rare and difficult to locate

International Space University 10 (Space Studies Program Final Report, “Asteroid mining. Technologies roadmap and applications
Platinum is an extremely rare metal in Earth's surface, having an average concentration of three parts per trillion (Cohen, 2007). The primary producer of platinum is the Republic of South Africa, who serviced over 80% of the market in 2005 (George, 2007). Corporations such as Anglo American PLC, the largest private sector employer in South Africa, mine its platinum. It is likely that many workers would be left unemployed, should terrestrial platinum be undercut in the global market. This would exacerbate the existing situation of 24% unemployment (CIA, 2010). However, the overall economic impact would be minor, since the production of platinum accounts for approximately 2% of South Africa's Gross Domestic Product (GDP); South Africa also exports numerous other natural resources.

One asteroid has the potential to contain more PGMS than have ever been mined on earth

WILKINS  ’10 (Alasdair, July, 19,staff writer the platinum group http://io9.com/5590330/asteroid-mining-will-give-us-all-the-platinum-well-ever-need-and-maybe-start-a-new-space-age)

metals are crucial to electronics, massively expensive, and extremely rare on this planet. But on asteroids? A single one holds billions of pounds of these metals - and that could start the era of private space exploration. Platinum is the most famously expensive of these metals - it's generally held up in the popular imagination as the one thing that's even more valuable than gold - but the rest of its group is equally rare and valuable. These metals - platinum, ruthenium, rhodium, palladium, osmium, and iridium - are super stable, nearly impervious to chemical attack, and deal well with high temperatures. These qualities make them perfect for use in electronics, but it takes thousands of dollars just to buy a few grams of the stuff. A big reason they're so rare is that they don't naturally occur on Earth, as they almost exclusively come from sites of asteroid impact. Of course, that opens up a rather interesting possibility - how much of these metals are contained in the asteroids that haven't hit Earth? Surveys of asteroids close to Earth reveal even moderate-sized ones - about 1,500 feet across - have billions of pounds of these metals, far more than we've mined in all of human history. A single asteroid could give us all the platinum group metals we could possibly need for centuries. So how do we get the stuff? The basic technology is either already available or readily conceivable, and steroid mining has become a serious topic of discussion. Indeed, it could have far-reaching impacts for space exploration as a whole. The quest for super-cheap electronics and mining-based fortunes could spur a rush of private explorers into space in much the same way the lure of gold drove Americans westward in 1849. As crass as it might sound, the chance at some serious profit might be what finally pushes humanity into space once and for all. 

The value of the platinum alone in a single asteroid is worth billions

Abundantplanet.org, 2/17/09,Non-Benefit organization “We promote the development of asteroid resources and their profitable use in space and on Earth”,  http://www.abundantplanet.org/asteroid-mining-economic-and-ecological-motivations-2009-02-17
The two near-Earth asteroid rendezvous missions that have been launched—the NEAR mission to 433 Eros, and the Hayabusa mission—cost less than $200,000 each. The first demonstration asteroid mining mission may cost a billion dollars, roughly equivalent to a single Space Shuttle flight. But the potential return value of a single 500-meter asteroid is in the tens of billions of dollars—for the platinum group metals alone. After the PGMs are extracted, tons of iron, nickel, and other useful materials will remain that can be used to build structures in space, such as space-based solar power systems, that may in time allow us to “establish ourselves as a space-faring civilization” (Peter Diamandis 2008). Mining efforts that return a tiny fraction of unprocessed asteroid material for laboratory study could also lead to significant advances in our understanding of the galaxy and the early solar system. More than 5,000 near-Earth asteroids have already been detected. More than 10% of these are easier to reach than the moon. New telescopes (such as Pan-STARRS and the LSST) are expected to detect more than 500,000 NEAs over the next 15 years, according to a new report from the Association of Space Explorers. This report, which will be presented to the United Nations Committee on the Peaceful Uses of Outer Space in February 2009, focuses on mitigating the threat of an asteroid impact. Near-Earth asteroids present a mixed blessing: They are potentially the most dangerous of celestial objects and simultaneously the most accessible sources of new wealth in the solar system. Among other projects, Abundant Planet is working to identify the most attractive asteroid opportunities from the growing multitude of potential targets, so that we may bring this new wealth to Earth and begin to expand the human experiment beyond the home planet. 

Asteroid Mining space presence is also critical to cementing US space leadership in the short run.

Elhefnawy 07  Reviewer with Tangent Online, and professor at University of Miami, writing extensively about space, security, and international issues (9/27/2007, Nader, The Space Review, “The Rise and Fall of Great Space Powers”, http://www.thespacereview.com/article/942/1, DA 6/21/2011)RP

This is precisely what no space power has done to date, and until that changes, space remains an adjunct to activities on Earth: space systems limited to servicing terrestrial economies by collecting and relaying information from one point on Earth to another—and space programs being entirely subject to the ups and downs of those economies. The Soviet Union, the only space power that may be said to have “fallen” to date, did so not because of frustrations with its space program, but because its Earth-based economy stagnated and unraveled in the 1970s and ’80s. 

 The point may seem so basic as to not need stating, but state it one must because that moment of transition will be an epoch-making change in the development of space, one that had been expected to have arrived by the early twenty-first century in certain circles. As Robert Heinlein put it in his essay “Where To?”, by “2000 A.D we could have O’Neill colonies, self-supporting and exporting power to Earth,” as well as “a permanent base on Luna.” Indeed, he was sure that even if the United States failed to capitalize on the “endless wealth… out there for the taking,” and its potential to solve “not one but all of our crisis problems”—employment, inflation, pollution, population growth, energy, shortages of nonrenewable resources—other countries would surely do so. If there was to be no American Moon colony, then Germany would establish one, or Japan, or possibly the Soviets or the Chinese.

This obviously did not come to pass, and Heinlein’s argument that a Moon colony twenty years after 1980 is no more implausible than a Moon landing was twenty years after 1950’s Destination Moon can’t help but arouse some skepticism, even as a broader audience begins to take a second glance at these ideas. One may not hear the term “O’Neill cylinder” very often, but there has certainly been a revival of interest in space as a source of energy, whether through solar energy satellites, or the mining of the Moon for helium-3. (See “The limits to growth and the turn to the heavens”, The Space Review, January 2, 2007)

This upsurge of interest may represent the anxieties of the moment more than any real move in this direction, of course, and as a practical matter can do little to alleviate the causes of those anxieties. The plans are too long range to do anything about the price of oil this year or the next, or if the peak oil theorists are correct, the big crunch due in the next decade. Helium-3 may not be a practical energy source for decades, if ever, and in either case, a great deal of work likely remains to be done both lowering the cost of space launch, and reducing the size and weight of the payloads needed to get a space-based infrastructure up and running. (See “Diversifying our planetary portfolio”, The Space Review, August 6, 2007) Still, if these or other such plans were realized they would mark the end of the time when space was just a critical node in terrestrial information flows, and the beginning of one in which space itself provides substantial, tangible, essential resources.

It may also mark the start of our groping our way back to those grander earlier visions, with all their implications. Asteroid mining on a large enough scale sufficient to have macroeconomic significance, or transfers of Earth’s population into space colonies large enough to matter in demographic terms, would mean the return of extensive development to the importance it once enjoyed, resetting the rules of today’s efficiency-obsessed economic game. If carried far enough, it could create the postmodern equivalents of the maritime powers of the “Columbian era.” Just as seafaring nations like Portugal or the Netherlands became the seats of much vaster, far-flung colonial empires, today’s leading industrial countries (or larger groupings like the European Union) could become the centers of space empires extending from near-orbit to the asteroid belt and perhaps beyond, as Ellis’s alternate Britain did. Space power would cease to be a symbol of or prop to national power, as they are today, and become instead its foundation. (Indeed, such thinking may well underlie the current round of Moon missions planned by the United States, China, and virtually every other country that can hope to pull one off.)

Of course, this sort of space-age mercantilism has never seemed to be the only possible future, and it may well be that the notion of “great space powers” will prove hollow long before that point. The idea that space should be used by all for the benefit of all is an old one, going back at least to Nikolai Fedorov, and well established in the law regarding space, particularly the 1967 Outer Space Treaty. While its arms control provisions may be its most frequently discussed aspect as of late, Article 1 holds that the use of outer space, including the moon and other celestial bodies, shall be carried out for the benefit and in the interests of all countries… and shall be the province of all mankind.

The treaty very specifically holds that these bodies will be open to “use by all States without discrimination of any kind, on a basis of equality” with all enjoying “free access to all areas of celestial bodies.” Article 2 of the treaty underlines the point by asserting that “Outer space, including the moon and other celestial bodies, is not subject to national appropriation” by any means, not only including formal claims of sovereignty, but use or occupation as well. 

 Such regimes can be reversed, with many observers terming the 1982 United Nations Convention on the Law of the Sea just such a reversal, “territorializing” much of the world’s oceans by extending territorial waters, as well as through zones of lesser but significant control, like Exclusive Economic Zones. The world in 2007 seems to be moving in a very different direction than it had appeared to be in 1967, and with a change in the perceived opportunities, as well as the international balance of power, states might decide their interests would be better served by another arrangement. (Indeed, it would not be the first time the Outer Space Treaty was challenged: eight equatorial countries attempted to do so in 1976 with the Bogota Declaration, in which they asserted that the portion of geosynchronous orbit over their national territories belonged to them.)

Nonetheless, there is reason to think governments will go on preferring the current one. In a future where the world’s economy depends on an energy source mined in space, as seems possible to some, the Moon could well become the next Persian Gulf, and sharing control may be the only way to avoid a potentially disastrous conflict—which was the rationale behind agreements like the Outer Space Treaty in the first place. (It may be hoped that the solar system will allow plenty of room for everyone to expand, but mercantilism and great power conflict tend to go hand in hand.) Indeed, as the derision with which much of the international community reacted to Russia’s planting of its flag at the North Pole earlier this month indicates, the day when countries could claim territory in this manner may be far behind us. Meanwhile, since it remains to be seen just how the broad positions of the Outer Space Treaty will be translated into a framework of practical rules governing the actual use of space in these ways, every possibility remains that even if countries cannot claim space, those regulations may afford ample room for the pursuit of national interest.

The legalities and their associated politics, however, are but one constraint. Whatever the economics of space development prove to be in the future, fiscal reality today dictates that what was originally to be America’s space station Freedom is now the International Space Station, reflecting its funding on an international, even global basis. (The station, originally intended as a response to the Soviet space program, is not only a beneficiary of Russian participation, but, ironically, has been highly dependent on Soviet-designed launch vehicles for its operation.) Much more ambitious projects, like helium-3 mining, may have to be organized on a similar basis, just to raise the needed amount of capital. Under those conditions some states may have greater weight at the negotiating table than others, but in the final analysis their room for maneuver is limited because they cannot go it alone.

Then again, the political will for such cooperation has proven disappointing time and again, subject to the same kind of backsliding as, well, space development. There seems to be little public interest in greater funding for government-run space programs. while a large part of it continues to see privatization as a panacea for public sector failure. Multinational corporations, the biggest of which have values that dwarf the gross domestic products of all but the industrial heavyweights, seem just as capable as government of raising the capital the task requires, and the X Prize has given a public relations boost to enthusiasts of private efforts. 

 Yet, unfashionable as it may be to say so, there are grounds for doubt here as well. Despite its hype, business tends to walk beaten paths. (The privately-funded SpaceShipOne sent people on suborbital flights in 2004—over four decades after Alan Shepard and Gus Grissom performed the same feat.) It also tends to seek government subsidies that render marketplace pieties dubious, especially when the risks are so large and the capital demands so great. We may, as a good many of the dreamers hope, see heroic venture capitalists blazing a path across the heavens, but can one totally discount the possibility of Halliburton landing an obscenely padded, no-bid, cost-plus contract to build the first Martian colony that helps sour public opinion on the enterprise?

In the end, despite assurances that the future of space development clearly lies in one direction or another, the field actually remains wide open. However, whether it proves to be a scene of old-fashioned realpolitik where powers rise and fall in the manner described by Paul Kennedy, George Modelski, and innumerable others; of international cooperation in which space development brings the world closer together; or the predominance of private enterprise in a borderless market as broad as the reach of our spacecraft; how, and indeed if, we go about the task will as much as anything reveal the shape of our economic and political future. 

Space Leadership and Control is vital to maintaining US Hegemony.

Dowd 09 Senior Fellow with the Fraser Institute (Aug/Sep 2009, Alan W. Dowd, “Surrendering Outer Space”, http://www.hoover.org/publications/policy-review/article/5421,) RP

Surrendering the ability to carry astronauts into space promises to be a blow to America’s international stature. And in this age of global connectivity and global competition, what may seem like a marginal matter could become a serious problem. We already live at a time America is perceived as a nation in decline. Pierre Hassner of the Paris-based National Foundation for Political Science recently concluded, “It will not be the New American Century.” A 2005 piece in the Guardian dismissed America as “the hollow superpower.” It’s no wonder that Obama addressed the “nagging fear” of America’s decline in his inauguration speech, and Bush dismissed “the belief that America is in decline” in his 2006 State of the Union address.

What’s relevant here is how America’s self-imposed absence from space could fuel the declinist fire, weaken America’s standing, and enhance the position of America’s enemies. Again, history is instructive: When Sputnik rocketed into orbit and Moscow triumphed, Senator Henry Jackson called it “a national week of shame and danger.” America’s attempt to match Moscow only highlighted the gap between the two superpowers when, weeks after Sputnik, America’s answer, Vanguard, exploded on takeoff. Leebaert writes that Moscow’s initial space superiority was “alarming because it was far more visible than anything else in science and technology.” Combined with America’s futility, the situation negatively impacted the country’s prestige and security, “the two in those days being habitually linked. 

Leadership in the Space Industry is also critical to 21st century competitiveness.

Cabbage and Mould 07 Assistant Administrators for NASA (17 Sept. 2007, Michael and David, “ NASA Administrator Griffin Discusses Value of the Space Economy”, NASA, http://www.nasa.gov/home/hqnews/2007/sep/HQ_07193_Griffin_lecture.html, DA: 6-22-11) RP

WASHINGTON - NASA Administrator Michael Griffin kicked off a lecture series honoring the agency's 50th anniversary with an address Monday describing the critical role that space exploration plays in the global economy.

The "space economy" was estimated at about $180 billion in 2005, according to a report by the Space Foundation released in 2006. More than 60 percent of space-related economic activity came from commercial goods and services.

"NASA opens new frontiers and creates new opportunities, and because of that [NASA] is a critical driver of innovation," Griffin said. "We don't just create new jobs, we create entirely new markets and possibilities for economic growth that didn't previously exist. This is the emerging space economy, an economy that is transforming our lives here on Earth in ways that are not yet fully understood or appreciated. It is not an economy in space -- not yet. But space activities create products and markets that provide benefits right here on Earth, benefits that have arisen from our efforts to explore, understand, and utilize this new medium."

Since NASA's birth almost a half-century ago, military and political competition in space largely has faded away. The focus of space exploration today is in the economic arena. Rising living standards and technological advancement around the world mean greater competition from places that were never competitors before.

"If technological innovation drives competitiveness and growth, what drives innovation?" Griffin said. "There are many factors, but the exploration and exploitation of the space frontier is one of them. The money we spend -- half a cent of the federal budget dollar -- and the impact of what we do with it, doesn't happen 'out there.' It happens here, and the result has been the space economy. So if America is to remain a leader in the face of burgeoning global competition, we must continue to innovate, and we must continue to innovate in space."

NASA is uniquely positioned to drive the space economy with technological innovation. Griffin cited a number of examples where the space economy yields tangible benefits for people here on Earth.

"We see the transformative effects of the space economy all around us through numerous technologies and life-saving capabilities," Griffin said. "We see the space economy in the lives saved when advanced breast cancer screening catches tumors in time for treatment, or when a heart defibrillator restores the proper rhythm of a patient's heart. We see it when GPS, the Global Positioning System developed by the Air Force for military applications, helps guide a traveler to his or her destination. We see it when weather satellites warn us of coming hurricanes, or when satellites provide information critical to understanding our environment and the effects of climate change. We see it when we use an ATM or pay for gas at the pump with an immediate electronic response via satellite. Technologies developed for exploring space are being used to increase crop yields and to search for good fishing regions at sea."

Griffin's lecture followed a luncheon Monday at the Renaissance Mayflower Hotel in Washington. It was the first in a series that will honor NASA's 50th birthday. The space agency began operations on Oct. 1, 1958. U.S. Rep. Alan B. Mollohan of West Virginia introduced Griffin. 

Future lectures in the series will feature prominent speakers to discuss the benefits that space exploration, scientific discovery and aeronautics research provide in addressing global issues such as the economy, education, health, science and the environment. Lockheed Martin Corporation of Bethesda, Md., is co-sponsoring the two-year lecture series.

Space Competitiveness is key to the Economy

Futron 11  Premier provider of decision management solutions that improve outcomes for our clients by enhancing their ability to make complex choices. Our proprietary analytic models, methodologies, and data repositories transform information into intelligence. Offers comprehensive knowledge of the aerospace, satellite, and telecommunications industries, with deep experience in statistical analysis, competitive assessments, forecasting, and strategy. (2-1-2011, “Innovative Strategies for Space Competitiveness: Assessing the SpaceIsle’s Policy and Results”, http://www.futron.com/upload/wysiwyg/Resources/Whitepapers/Innovative_Strategies_for_Space_Competitiveness_0111.pdf) RP

The space industry represents nearly US$300.0B in annual economic activity spanning government, industry, academia, and society. The overall industry is increasing by 5-10% per year, including 7% growth in 2009 despite the global economic slowdown. Meanwhile, the commercial market has recently posted 10% growth. Given the size and diversity of the space industry, there are an increasing number of stakeholders involved in a diverse set of activities, applications, and businesses. The key driver behind increasing government interest is the recognition that space activity—whether satellite communications, remote sensing, or positioning applications—ties directly to national power, economic benefits, and societal wellbeing. At the same time, new industries have emerged around remote sensing, such as imagery product and location-passed services, many of which also tie into space-enabled navigation and transportation services. Space tourism, as well, has generated new business models and user interest. Effective space strategy and policy must align national objectives and capability to the investment in critical infrastructure, programs, and applications development, as well as education, training, and outreach to stimulate end-user demand to maximize national interest, usage, and social benefit. Accordingly, our review of space competitiveness seeks to understand and quantify these underlying factors of investment and benefit from space infrastructure and programs. Understanding the underlying drivers, assets, and resources that define the SpaceIsle’s space competitiveness provides Isle of Man decisionmakers with a framework to assess, along national lines, the relative cost and benefit tradeoffs of investment in space.  2.2. STUDY PURPOSE AND METHODOLGY 2.2.1. PURPOS E Futron worked with Isle of Man Government and ManSat LLC in order to assess and validate the Isle’s space competitiveness as part of the government’s SpaceIsle initiative. The study aims to benchmark the Isle of Man against other countries based on statistics and indicators aligned to government, human 6 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011 capital, and industry. The data will provide a foundation for additional research, interviews, and analysis of the Island’s space industry. Exhibit 1, below, provides an overview of this study’s objectives. Exhibit 1: Overview of Project Objectives, Activities, and Goals Isle of Man Objectives Benchmark Objectives  Advance national economic development through the growth of the space industry  Provide quality employment opportunities  Utilize space industry to enhance educational learning  Attract foreign investment  Foster economic growth in related hi-tech industries  Build infrastructure for long-term strategic collaboration  Develop a benchmark that measures current status, and provides for future tracking of policy and economic impacts  Provide government insight into the industry through independent assessment  Develop opportunities for in-reach and outreach, as well as media attention and support for nongovernmental activities  Create specific marketing and sales collateral, as well as supportive talking points 2.2.2. STRUCTURE Building on its experience analyzing and benchmarking space competitiveness, Futron developed an iterative research approach to analyze the competiveness of the Isle of Man’s approach to space activity and benchmark against selected jurisdictions. This iterative research approach is reflected in the structure of this report, wherein each section builds upon the information discussed in the prior material.  Section 2 of this report offers the foundational underpinnings of the study; discussing its purpose and methodology; and providing a basic profile of the Isle of Man and its approach to space activity. In this profile, Futron employs an analytical framework known as Political, Economic, Social, and Technological (PEST) Analysis.  Section 3 of this report describes space competitiveness as background for the information and conclusions presented in Sections 4 through 6.  Section 4 of this report provides both a quantitative and qualitative comparison of the Isle of Man space activities and results to those of five selected peer jurisdictions. To provide this comparison, the study employs 10 quantitative indicators of space competitiveness developed expressly for this study, coupled with structured qualitative evaluation, in order to benchmark the Isle of Man against the comparator countries and jurisdictions. Where appropriate, the quantitative indicators are normalized by population or economy size. The analysis is further supported by additional, ad-hoc, illustrative indicators. The specific data collected for each indicator will be provided as an addendum to this report. Bermuda, Gibraltar, Hong Kong, Singapore, and the United Kingdom were selected as the comparator jurisdictions for this study. Bermuda, Gibraltar, Hong Kong, and Singapore were selected due to their status, like the Isle of Man, as jurisdictions that have adopted a nontraditional approach to space investment focused on niche activities in space-related finance and business. The United Kingdom, although a nation that has followed a more traditional approach to space, is included in this group of “peer” jurisdictions due to its geographic proximity and close political ties to the Isle of Man.  Section 5 complements the analysis of Section 4 by comparing the Isle of Man to jurisdictions in a small subset of indicators for which a robust comparison to the selected jurisdictions was not possible due to data limitation. This section is intended as further illustration to place the systematic comparison conducted in Section 4 within a broader context. 7 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011  Section 6 uses the data and findings developed in Sections 4 and 5 to conduct a strategic assessment of the outcomes of the Isle of Man’s approach to space activities following the Strengths-Weaknesses-Opportunities-Threats (SWOT) model. 2.2.3. RE S EARCH Futron’s survey of the six jurisdictions on which this analysis focuses uses a combination of primary and secondary research, which includes open-source public information as well as purchased research and information gathered from trade shows and conferences. Futron also performed structured interviews and exchanges with in-country experts, local contacts, and agency officials. These direct communications provide additional information and validate data and information collected from other sources. Exhibit 2: Futron’s Analysis Combines Primary and Secondary Data from Multiple Sources Open Sources Proprietary Sources Interviews Government Websites Futron’s Space Competitiveness Index Government Officials National Media Futron’s Electronic Library of Space Activity Company Officials Trade Press Futron’s Satellite Supply Database In-Country Experts International Organizations and Associations Websites Third Party Material Trade Show Presentations and Materials Social Media Websites 2.2.4. ANAL Y S I S Futron employed the PEST and SWOT strategic assessment models. These competitive analysis techniques combine quantitative and qualitative feedback regarding marketplace perception, and align them to strategic planning. As a result, the findings are readily available to support national strategic decision-making, and can be integrated easily into other strategy, regulation, and marketing documents.  Political-Economic-Social-Technological (PEST) Analysis describes a framework of macroenvironmental factors used in environmental scanning. It provides a useful strategic tool for understanding market growth or decline, business position, potential, and direction for operations. Below is a brief description of the categories, followed by a summary of issues raised by various interviewees:  Political factors: issues such as tax policy, employment laws, environmental regulations, trade restrictions and tariffs, and political stability.  Economic factors: issues such as economic growth, interest rates, exchange rates, and inflation.  Social factors: issues that include cultural aspects and include health consciousness, population growth rate, age distribution, career attitudes, and emphasis on safety.  Technological factors: include elements such as R&D activity, automation, technology incentives, and the rate of technological change.  Strength-Weakness-Opportunity-Threat (SWOT) Analysis is a strategic planning method used to evaluate projects or business ventures. It involves specifying the objective of the business venture or project, and identifying the internal and external factors that are favorable and unfavorable to achieving that objective. 8 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011  Strengths: organizational attributes that help achieve objectives.  Weaknesses: organizational attributes that are obstacles to achieving objectives.  Opportunities: external conditions, which support achieving objectives.  Threats: external conditions, which could do damage to the business's performance. 2.3. PROFILE OF THE ISLE OF MAN The Isle of Man was part of the Norwegian Kingdom of the Hebrides until the 13th century when it was ceded to Scotland; the isle came under the British crown in 1765. The Isle of Man is a British crown dependency, but is not part of the United Kingdom (UK) or of the European Union (EU). However, the Isle does have special trading relationships with the EU that provide it a level of access to European markets for manufacturing and agricultural goods. The UK Government remains constitutionally responsible for the Isle of Man’s defense and international representation. Exhibit 3: Core Demographics: Isle of Man Area (Global Rank): 572 sq (194) Population (Global Rank): 76,512 (199) Population Growth (Global rank): 0.524% (154) Median Age: 40.2 years Urbanization Rate: 51% Ethnicity: Britons, native inhabitants (Manx) Religion: Anglican, Roman Catholic, Judaism, Lutheran, Islam, Buddhism, Methodist, Baptist, Presbyterian, Society of Friends Languages: English, Manx Gaelic Literacy: 99% GDP (Global Rank): $2.719 billion (177) GDP per capita (PPP): $35,500 (35) Growth: 5.2% (20) Note: Data most current available as of October, 2010. 2.3.1. POL I T I CAL-ECONOMIC-SOC IAL-TECHNOL OG Y (PEST) ANAL Y S I S The Isle of Man enjoys a strong sense of identity, sustained political cohesion, social stability, and a highly competitive economic structure. These strengths provide the island with a standard of living and technology base beyond the scope that might be expected of a small and relatively autonomous jurisdiction. The following exhibit summarizes these factors into a matrix format and incorporates findings from our background review, industry interviews, and Futron’s expertise: 9 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011 Exhibit 4: PEST Analysis of the Isle of Man Political Economic  Geopolitically, Isle of Man enjoys the best of several worlds: it is legally independent, but formally tied to the UK, linking it to a nation that often functions as a transatlantic bridge between Europe, the British Commonwealth, and the United States, and offering access to London, a global financial capital. Similarly, it is not an EU member, but holds formal EU trade agreements. Isle of Man, therefore, obtains the benefits of integration into larger governance structures while remaining functionally autonomous.  Isle of Man has robust local representative traditions, enabling consensus on major issues.  Isle of Man is economically defined by its status as a largely tax-free environment: effectively zero capital gains tax, wealth tax, inheritance tax, or corporate tax, and low 20% top rate on personal income tax.  No tax on insurance premiums encourages the operation of insurance markets in the Isle.  Offshore banking and finance are the major industries, though manufacturing, film, e-commerce, aerospace and aviation, shipping, and tourism also play a role.  Manufacturing base, while nascent, is extensive in comparison with the small size of the jurisdiction.  Large array of financial, insurance, legal, regulatory, and technical service firms are well-aligned, generating an economic cluster effect.  Isle of Man has a high and rising per capita standard of living.  There is a sustainable and efficient balance between public and private-sector employment in the Isle of Man.  Tight social cohesion: Britons, and Manx take pride in distinct island heritage and work to preserve local language and culture.  Small, interdependent population of 80,000 makes interpersonal connections more durable, providing a strong sense of community identity.  Isle of Man has modern technology base: high teledensity and internet access, and dedicated energy and transport infrastructure.  Technology manufacturing sector—including optical and aerospace components—has experienced rapid growth in the past five years.  Government has committed policies focused on financing and promoting the tech sector and building an aerospace human capital base. 2.4. OVERVIEW OF THE ISLE OF MAN’S APPROACH TO SPACE The Isle of Man has developed a distinctive approach to involvement in the space industry. Rather than operating a government space program, the Manx government focuses on providing a regulatory level playing field while cooperating with industry to provide financial, legal, and orbital slot filing assistance as well as strategic support services for telecommunications, aerospace, banking, and manufacturing companies within the international space industry. This service provision is complemented by a tax regime that provides for a zero corporate income tax rate for space-companies. The Isle of Man government also employs an innovative relationship with a private company, ManSat Limited. ManSat has received a concession from the Manx Government through which it assists the Isle of Man Government in the preparation of the jurisdiction’s orbital filings to the International Telecommunications Union (ITU) for all Earth orbits and associated radio frequencies with special focus on geostationary orbit. ManSat is currently the only wholly private company to act in this role worldwide. In exchange for this concession, ManSat pays a yearly royalty fee to the Manx Government. The relationship between ManSat and the Isle of Man Government is also active through the Isle of Man’s space marketing website, SpaceIsle.com. The SpaceIsle website provides a uniform branding identity for all Isle of Man-related space services, and is used as the cornerstone of the Isle of Man’s efforts to market itself as a center of space-related commerce. ManSat supports the Manx government in international marketing to the global space community. The Manx government’s focus on space 10 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011 commerce, and the innovative government-ManSat relations, represents a unique governmental approach to space activity. 3. DEFINING SPACE COMPETITIVENESS: TRADITIONAL VS NONTRADITIONAL 

3.1. TRADITIONAL SPACE COMPETITIVENESS While space strategies and policies vary from country to country and over time, there is a similar, recognizable, evolutionary path followed by many nations, which, by contrast, highlights the uniqueness of the SpaceIsle initiative. The common progression of space activity begins with societal interest, often from government, in developing space capabilities that have a positive impact on a nation’s security, economy, society, and technology base. The inception of space activity is usually government-led, with legislative efforts that develop a space strategy, supporting laws and policies, and provide upfront governmental investment in space. The efforts usually are supported by external economic and scientific interests from industry and academia, as well as internal governmental demand from the national security apparatus and civil government users. With a “community of interest” lined up behind the space initiative, governments usually issue a strategy and/or law that most often creates a dedicated space agency; telecommunications aspects of space are often hived off to respective regulatory authorities. Some nations leapfrog the step of creating a dedicated space agency and move to buy satellites from the international market, either focused on telecommunications where a national provider is created, or more recently, by purchasing an Earth observation satellite. Often, there is a parallel effort to build/buy ground systems, and separately, to initiate simple satellite manufacturing capability development via small-scale funding for cube or small satellites. Over time, countries move from telecoms and Earth observation towards more advanced capabilities around space science, exploration, positioning, and launch services– either as a buyer or manufacturer. While some countries opt for alternative pathways, e.g., Australia 1 or the Isle of Man, most nations target technology development, provide government investment in space infrastructure, and seek to enhance the country’s manufacturing via direct government procurement. Exhibit 5: Different Conceptual Tiers of Space Activity 1 In the absence of a space agency or significant manufacturing capability, Australia has opted for a non-traditional path that focuses on national security, and optimizing the use of civilian applications that benefit society. Stage I: Demonstrated Government and/or Civil Society Interest Stage II: Dedicated Space Agency or Added Space Remit within Existing Agencies Stage III: Build/Buy Satellites and Ground Infrastructure for Communications, Earth Observation, or Cubesats Programs Stage IV: Build and Operate Own Space Science or Exploration Spacecraft Stage V: Independent Launch and Satellite Manufacturing Base11 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011 As a maturing industry, the number and diversity of participants increases as the scope of space activity enlarges, new applications come to market, and alternative business models emerge. Each year, more countries are involved in space activities through official space agencies – most recently, Sri Lanka – and additional agencies take on space-based or space-enabled portfolios. Likewise, new industries have emerged around space-enabled navigation and transportation services, many of which also tie into remote sensing and imagery products and location-based passed services. Space tourism is on the horizon. Social media also has created new “communities of interest.” In order to understand this diverse and growing community, Futron has developed a segmentation model that aligns key actors, applications, and economic drivers into Who, What, and How drivers of space competitiveness. This approach, shown in Exhibit 6 below, provides a framework to analyze industry segments and national space competitiveness, with the segments targeted by the SpaceIsle bolded for emphasis. Exhibit 6: Illustrative List of Space Competitiveness Actors, Applications, and Drivers Space Competitiveness Segmentations: a Framework for Understanding Key Actors (Who) Applications (What) Drivers (How) Military Civilian Government Commercial Enterprise Intergovernmental Organizations Non-profit Organizations Individuals Science and Exploration Communications Earth Observation Positioning, Navigation, and Timing Manufacturing Launch Professional Services Government Policies & Leadership Human Capital and Experience Corporate Structure and Operations Technology and Innovation Investment and Spending The traditional evolution of space activity usually starts with a targeted portfolio, most commonly indigenous communications and Earth observation capability. It slowly expands the scope of key actors and applications, targeting additional drivers. For instance, Thailand and Vietnam commenced their space programs focused on communications, but have expanded to Earth observation, and in the case of Vietnam, to small scale manufacturing. More recently, Japan has begun to develop military space capabilities (new actor), while India plans to launch AstroSat (new application), the country’s first space science mission dedicated to astronomy. Israel, which is strong in communications and ground imaging technology, has announced a major ramp-up to develop its commercial space program. Of course, some traditional space programs focus (or retrench) on specific niches with the understanding that a large, broad-based space program goes beyond the national objective, capability, or budget. Canada has clearly identified a few targets (space robotics, communications, and military applications) with the intent of deepening its capabilities in these select areas. Finally, many countries place significant emphasis on technology development and achievement, with a common benchmark being the construction of indigenous satellites or launch vehicles. A traditional industrial analysis often focuses on government spending and investment in key sectors, and seeks to understand the long-term impacts on technology, economy, and society. For example, Futron’s Space Competitiveness Index, which quantitatively ranks leading space-faring nations using more than 50 government, human capital, and industry metrics, places significant value on the amount of money governments spend on space activity. In Exhibit 7, below, Futron compares space budgets for 10 leading countries. Since the Isle of Man has a targeted space policy that requires minimal investment, comparison to traditional space powers that spend heavily to develop government run programs does not adequately reflect the success of the Isle’s specialized model to develop niche products and services. 12 Assessing the SpaceIsle’s Policy and Results Futron Corporation © 2011 Exhibit 7: Spending by Leading Space-Faring Countries in 2009 (PPP US$ 2009) Country Civilian Space Spend (US$B) Military Space Spend (US$B) Total Space Spend (US$B) USA $20.65 $51.30 $71.95 Europe $8.20 $2.11 $10.40 Russia $6.44 $1.64 $4.25 China $4.27 $1.22 $4.54 India $3.20 $1.08 $3.90 Japan $3.16 $0.53 $2.13 Brazil $0.34 $0.49 $0.73 Canada $0.33 $0.40 $0.72 South Korea $0.30 $0.06 $0.20 Israel $0.01 $0.01 $0.06 Note: Includes spending from multiple civil agencies, not just dedicated space agencies. While the traditional progression and measurement of the space industry adequately characterizes the space activity of many instances, a handful of countries and jurisdictions have developed an alternative approach to space that derives benefit in unique and unexpected areas. While government-led initiatives that fund satellites, scientific missions, and exploration are the norm, the SpaceIsle initiative represents an alternative paradigm from which to assess the cost, value, and benefit to society without the traditional focus on national security assets, large programs, and technology development. Understanding this new “business model” is important because it potentially changes the way the governments can think about the space industry, reduces barriers to entry, generates value in unconventional ways, and could facilitate a broader base of countries and jurisdictions to develop niche and specialized space products and services. 

U.S. Space Leadership is also 0key to protecting critical space infrastructure and assets

AIAA 10 Aerospace Industries Association of America ( 9-18-10, “Aerospace and Defense: The Strength to Lift America”, http://www.nationalaerospaceweek.org/wp-content/uploads/2010/04/whitepaper.pdf) RP

Space Technology is an Investment in U.S. Global Leadership, Competitiveness and Innovation

Space systems drive our nation’s competitiveness, economic growth and innovation. U.S. soldiers in the mountains of Afghanistan, farmers, bankers and emergency responders here at home all have a common reliance on a space infrastructure in orbit above the Earth. Everyday activities, taken for granted by many Americans, are supported or even driven by space systems. These systems are hidden to us and rarely noticed unless the services they provide are interrupted. However, the lack of visibility of space systems doesn’t diminish their importance — both our nation’s economy and national security are tied directly to this critical infrastructure. Communications drive today’s commerce, and space systems are a chief global conduit of our nation’s commercial and national security communications. The Internet, e-mail and wireless devices have all become the standard for businesses and recreation. Direct-to-home television and satellite radio have become standard in many American homes and automobiles. These all depend on our satellite communications systems. Similarly, the Global Positioning System, originally designed for military use, is now relied on for banking transactions, ATMs, improved agriculture, air traffic and ground transportation systems and by emergency responders. All of these applications add up to substantial economic activity. Of $214 billion in aerospace industry sales in 2007, direct space system industry sales topped $40 billion.14 Total direct and indirect global space activity for 2008 was $257 billion.15 Even harder to quantify — but no less valuable — is the impact that technology spinoffs from space activities bring to our economy. In 2009 alone, NASA entered into more than 250 agreements with private and other external entities for development of dual-use technologies.16 Space is certainly becoming more contested, congested and competitive. More than 60 nations are engaged in space efforts and tens of thousands of man-made objects orbit the Earth. In January 2007, the Chinese used a ballistic missile to destroy an aging weather satellite. This anti-satellite test demonstrated the very real ability of a foreign power to attack and destroy space assets and resulted in a dangerous debris cloud. In addition, the February 2009 collision of a commercial U.S. satellite and Russian satellite showed that space systems not only face disruption from intentional attack, but are also at risk from unintentional events in an increasingly crowded environment. Using systems developed by America’s aerospace industry, the Defense Department currently tracks more than 21,000 man-made objects in the Earth’s orbit — many of which could threaten civil and national security space systems, as well as our nation’s efforts to increase the commercial use of space.17 In such an environment, investments in rapid reconstitution, sensors, tracking, threat assessment and other space protection and situational awareness capabilities are needed to mitigate the impacts of an unexpected catastrophic space system failure. The cost and difficulty involved in developing and deploying space systems as well as the severe consequences of their loss necessitates that our nation’s space infrastructure be adequately protected. Part of ensuring robust space capabilities means that America must routinely replace and update its space infrastructure. It is highly problematic — if not infeasible — to perform maintenance or even refuel them. Space systems have limited life spans and, at today’s pace of technology, can quickly become obsolete. Critical space systems that provide missile warning, global communications, positioning, navigation and timing and weather are in need of upgrade at a time when other nations are rapidly modernizing their own space infrastructure. The United States must remain a leader in human and robotic space — a position that is perishable if not properly supported. Research aboard the International Space Station and human and robotic exploration beyond low Earth orbit must remain national priorities. These activities demonstrate global leadership, sharpen our expertise for future long-range space travel, add to our scientific knowledge and inspire our youth to pursue engineering and science disciplines. Space systems often go unnoticed in our daily lives, but their impact is very real. It is imperative that we as a nation have the right plans, strategies and budgets in place to keep our space industry competitive and our space systems, and their supporting Earth-based infras

tructure, operating when we need them. It is increasingly important that the United States develop and maintain a cohesive national approach to our efforts in space — one that crosses civil agencies, the Defense Department and the intelligence community.

Disruption of space assets shatters the global economy

Dillow 10 Staff Writer for Popular Science (5-27, Clay Dillow, “Pentagon: A Space Junk Collision Could Set Off Catastrophic Chain Reaction, Disable Earth Communications”, http://www.popsci.com/technology/ article/2010-05/dod-space-junk-tipping-point-collision-could-set-catastrophic-chain-reaction) RP

Our reliance on satellites goes beyond the obvious. We depend on them for television signals, the evening weather report, and to find our houses on Google Earth when we're bored at work. But behind the scenes, they also inform our warfighting capabilities, keep track of the global shipping networks that keep our economies humming, and help us get to the places we need to get to via GPS. According to the DoD's interim Space Posture Review, that could all come crashing down. Literally. Our satellites are sorely outnumbered by space debris, to the tune of 370,000 pieces of junk up there versus 1,100 satellites. That junk ranges from nuts and bolts lost during spacewalks to pieces of older satellites to whole satellites that no longer function, and it's all whipping around the Earth at a rate of about 4.8 miles per second. The fear is that with so much junk already up there, a collision is numerically probable at some point. Two large pieces of junk colliding could theoretically send thousands more potential satellite killers into orbit, and those could in turn collide with other pieces of junk or with satellites, unleashing another swarm of debris. You get the idea. To give an idea of how quickly a chain reaction could get out hand consider this: in February of last year a defunct Russian satellite collided with a communications satellite, turning 2 orbiting craft into 1,500 pieces of junk. The Chinese missile test that obliterated a satellite in 2007 spawned 100 times more than that, scattering 150,000 pieces of debris. If a chain reaction got out of control up there, it could very quickly sever our communications, our GPS system (upon which the U.S. military heavily relies), and cripple the global economy (not to mention destroy the $250 billion space services industry), and whole orbits could be rendered unusable, potentially making some places on Earth technological dead zones.

Strong Economy key to check a Nuclear War

Friedberg and Schoenfeld, 2008 [Aaron, Prof. Politics. And IR @ Princeton’s Woodrow Wilson School and Visiting Scholar @ Witherspoon Institute, and Gabriel, Senior Editor of Commentary and Wall Street Journal, “The Dangers of a Diminished America”, 10-28, http://online.wsj.com/article/SB122455074012352571.html]
Then there are the dolorous consequences of a potential collapse of the world's financial architecture. For decades now, Americans have enjoyed the advantages of being at the center of that system. The worldwide use of the dollar, and the stability of our economy, among other things, made it easier for us to run huge budget deficits, as we counted on foreigners to pick up the tab by buying dollar-denominated assets as a safe haven. Will this be possible in the future? Meanwhile, traditional foreign-policy challenges are multiplying. The threat from al Qaeda and Islamic terrorist affiliates has not been extinguished. Iran and North Korea are continuing on their bellicose paths, while Pakistan and Afghanistan are progressing smartly down the road to chaos. Russia's new militancy and China's seemingly relentless rise also give cause for concern. If America now tries to pull back from the world stage, it will leave a dangerous power vacuum. The stabilizing effects of our presence in Asia, our continuing commitment to Europe, and our position as defender of last resort for Middle East energy sources and supply lines could all be placed at risk. In such a scenario there are shades of the 1930s, when global trade and finance ground nearly to a halt, the peaceful democracies failed to cooperate, and aggressive powers led by the remorseless fanatics who rose up on the crest of economic disaster exploited their divisions. Today we run the risk that rogue states may choose to become ever more reckless with their nuclear toys, just at our moment of maximum vulnerability. The aftershocks of the financial crisis will almost certainly rock our principal strategic competitors even harder than they will rock us. The dramatic free fall of the Russian stock market has demonstrated the fragility of a state whose economic performance hinges on high oil prices, now driven down by the global slowdown. China is perhaps even more fragile, its economic growth depending heavily on foreign investment and access to foreign markets. Both will now be constricted, inflicting economic pain and perhaps even sparking unrest in a country where political legitimacy rests on progress in the long march to prosperity. None of this is good news if the authoritarian leaders of these countries seek to divert attention from internal travails with external adventures.

Hegemony is key to check multiple nuclear conflicts

Kagan 7 – senior associate, Carnegie Endowment for International Peace (Robert, July, End of Dreams, Return of History, 

http://www.realclearpolitics.com/articles/2007/07/end_of_dreams_return_of_histor.html, AG/JMP)

Were the United States to diminish its influence in the regions where it is currently the strongest power, the other nations would settle disputes as great and lesser powers have done in the past: sometimes through diplomacy and accommodation but often through confrontation and wars of varying scope, intensity, and destructiveness. One novel aspect of such a multipolar world is that most of these powers would possess nuclear weapons. That could make wars between them less likely, or it could simply make them more catastrophic. It is easy but also dangerous to underestimate the role the United States plays in providing a measure of stability in the world even as it also disrupts stability. For instance, the United States is the dominant naval power everywhere, such that other nations cannot compete with it even in their home waters. They either happily or grudgingly allow the United States Navy to be the guarantor of international waterways and trade routes, of international access to markets and raw materials such as oil. Even when the United States engages in a war, it is able to play its role as guardian of the waterways. In a more genuinely multipolar world, however, it would not. Nations would compete for naval dominance at least in their own regions and possibly beyond. Conflict between nations would involve struggles on the oceans as well as on land. Armed embargos, of the kind used in World War i and other major conflicts, would disrupt trade flows in a way that is now impossible. Such order as exists in the world rests not merely on the goodwill of peoples but on a foundation provided by American power. Even the European Union, that great geopolitical miracle, owes its founding to American power, for without it the European nations after World War ii would never have felt secure enough to reintegrate Germany. Most Europeans recoil at the thought, but even today Europe 's stability depends on the guarantee, however distant and one hopes unnecessary, that the United States could step in to check any dangerous development on the continent. In a genuinely multipolar world, that would not be possible without renewing the danger of world war. People who believe greater equality among nations would be preferable to the present American predominance often succumb to a basic logical fallacy. They believe the order the world enjoys today exists independently of American power. They imagine that in a world where American power was diminished, the aspects of international order that they like would remain in place. But that 's not the way it works. International order does not rest on ideas and institutions. It is shaped by configurations of power. The international order we know today reflects the distribution of power in the world since World War ii, and especially since the end of the Cold War. A different configuration of power, a multipolar world in which the poles were Russia, China, the United States, India, and Europe, would produce its own kind of order, with different rules and norms reflecting the interests of the powerful states that would have a hand in shaping it. Would that international order be an improvement? Perhaps for Beijing and Moscow it would. But it is doubtful that it would suit the tastes of enlightenment liberals in the United States and Europe. The current order, of course, is not only far from perfect but also offers no guarantee against major conflict among the world's great powers. Even under the umbrella of unipolarity, regional conflicts involving the large powers may erupt. War could erupt between China and Taiwan and draw in both the United States and Japan. War could erupt between Russia and Georgia, forcing the United States and its European allies to decide whether to intervene or suffer the consequences of a Russian victory. Conflict between India and Pakistan remains possible, as does conflict between Iran and Israel or other Middle Eastern states. These, too, could draw in other great powers, including the United States. Such conflicts may be unavoidable no matter what policies the United States pursues. But they are more likely to erupt if the United States weakens or withdraws from its positions of regional dominance. This is especially true in East Asia, where most nations agree that a reliable American power has a stabilizing and pacific effect on the region. That is certainly the view of most of China 's neighbors. But even China, which seeks gradually to supplant the United States as the dominant power in the region, faces the dilemma that an American withdrawal could unleash an ambitious, independent, nationalist Japan. In Europe, too, the departure of the United States from the scene -- even if it remained the world's most powerful nation -- could be destabilizing. It could tempt Russia to an even more overbearing and potentially forceful approach to unruly nations on its periphery. Although some realist theorists seem to imagine that the disappearance of the Soviet Union put an end to the possibility of confrontation between Russia and the West, and therefore to the need for a permanent American role in Europe, history suggests that conflicts in Europe involving Russia are possible even without Soviet communism. If the United States withdrew from Europe -- if it adopted what some call a strategy of "offshore balancing" -- this could in time increase the likelihood of conflict involving Russia and its near neighbors, which could in turn draw the United States back in under unfavorable circumstances. It is also optimistic to imagine that a retrenchment of the American position in the Middle East and the assumption of a more passive, "offshore" role would lead to greater stability there. The vital interest the United States has in access to oil and the role it plays in keeping access open to other nations in Europe and Asia make it unlikely that American leaders could or would stand back and hope for the best while the powers in the region battle it out. Nor would a more "even-handed" policy toward Israel, which some see as the magic key to unlocking peace, stability, and comity in the Middle East, obviate the need to come to Israel 's aid if its security became threatened. That commitment, paired with the American commitment to protect strategic oil supplies for most of the world, practically ensures a heavy American military presence in the region, both on the seas and on the ground. The subtraction of American power from any region would not end conflict but would simply change the equation. In the Middle East, competition for influence among powers both inside and outside the region has raged for at least two centuries. The rise of Islamic fundamentalism doesn 't change this. It only adds a new and more threatening dimension to the competition, which neither a sudden end to the conflict between Israel and the Palestinians nor an immediate American withdrawal from Iraq would change. The alternative to American predominance in the region is not balance and peace. It is further competition. The region and the states within it remain relatively weak. A diminution of American influence would not be followed by a diminution of other external influences. One could expect deeper involvement by both China and Russia, if only to secure their interests. 18 And one could also expect the more powerful states of the region, particularly Iran, to expand and fill the vacuum. It is doubtful that any American administration would voluntarily take actions that could shift the balance of power in the Middle East further toward Russia, China, or Iran. The world hasn 't changed that much. An American withdrawal from Iraq will not return things to "normal" or to a new kind of stability in the region. It will produce a new instability, one likely to draw the United States back in again. The alternative to American regional predominance in the Middle East and elsewhere is not a new regional stability. In an era of burgeoning nationalism, the future is likely to be one of intensified competition among nations and nationalist movements.
1AC Solvency

Contention 5 is Solvency

ANTS Solve

Clark 04 [Pamela Clark, Catholic University researcher associated with Goddard Space Flight Center, “PAM: Biologically inspired Engineering and Exploration System Mission Concept, Components, and Requirements for asteroid population survey” http://sciencestage.com/d/13133771/asteroid-extinction-hypothesis..html

We first considered the Autonomous Nano-Technology Swarm (ANTS) architecture for a future application, the PAM concept: a 1000-member swarm of picoclass (1 kg) autonomous sciencecraft based on carbon-based NEMS technology and utilizing Super Miniaturized Addressable Reconfigurable Technology (SMART) (3) [13]. The basic design elements are self-similar low-power, low-weight, addressable, reconfigurable components and systems capable of operating as fully autonomous, yet adaptable units as called for by swarm demands and environmental needs. Craft use highly configurable solar sails capable of autonomous attitude control, a highly maneuverable, no expendables propulsion system well suited to this application. The swarm would be composed of 10 science specialist classes (approximately 100 members of each class), identical except for one specialty ‘instrument’. Classes include Leader/Messengers (CPU/Communication enhanced), imagers, various spectrometers, altimeters, radio science, and magnetometers. The swarm would be divided into 10 to 20 subswarms with approximately equal numbers of each class in each subswarm. Within each subswarm, each class would operate autonomously at an asteroid target, because orbital configuration and viewing strategy for the classes are highly variable and depend on the requirements of the class ‘instrument’. 10 to 20 subswarms would operate concurrently.  Target observation times would be on the order of one month. Typical distances of hundreds of thousands of kilometers between kilometer-size asteroids would allow detection (by imagers) and selection of the next target even before departure from a given target, and travel to that target on the order of weeks.  Thus, tens or even hundreds of asteroids could be explored during a the anticipated 5 year traverse of the asteroid belt.

ANTS technology can function where humans can’t

Hinchey et al 09 Loyola College, University of Ulster, Lokheed Martin Advanced Technology Laboratories (5-3-2009, Michael G. Hinchey, Roy Sterritt, Christopher A. Rouff, , "Sustainable space exploration missions," http://eprints.ulster.ac.uk/11653/1/2009-Futures.pdf)

The swarm will form sub-swarms under the control of a ruler, which contains models of the types of science that it wants to perform. The ruler will coordinate workers, each of which uses its individual instrument to collect data on specific asteroids and feed this information back to the ruler, who will determine which asteroids are worth examining further. If the data matches the profile of a type of asteroid that is of interest, an imaging spacecraft will be sent to the asteroid to ascertain the exact location and to create a rough model to be used by other spacecraft for maneuvering around the asteroid. Other teams of spacecraft will then coordinate to finish mapping the asteroid to form a complete model. New approaches to exploration missions such as ANTS augur great potential, but simultaneously pose many challenges. The missions will be unmanned and necessarily highly autonomous. They will also exhibit the properties of autonomic systems of being self-protecting, self-healing, self-configuring, and self-optimizing in order to assist in the survivability of the mission. Many of these missions will be sent to parts of the solar system where manned missions are simply not possible, and to where the round-trip delay for communications to spacecraft exceeds 40 min, meaning that the decisions on responses to problems and undesirable situations must be made in situ rather than from ground control on Earth. 

**Inherency**

Squo will fail

Asteroid mining set for 2014 but will be unsuccessful

 Poeter, Damon, May 26, 2011, pcmag.com, http://www.lexisnexis.com.proxy.uchicago.edu/hottopics/lnacademic/?  

NASA will bring a beloved arcade game to life in 2014 when it deploys an unmanned spacecraft capable of busting up asteroids. Actually, the OSIRIS-REx spacecraft won't exactly be capable of blowing up the small, rocky leftovers from the solar system's birth&#8212let alone possess an energy shield or the ability to jump into hyperspace. But the vessel will be equipped with a robotic arm built to pluck samples from a near-Earth asteroid designated 1999 RQ36 when it reaches its destination in 2020. NASA announced its first-ever mission to retrieve asteroid samples and bring them back to Earth on Thursday. "This is a critical step in meeting the objectives outlined by President Obama to extend our reach beyond low-Earth orbit and explore into deep space," NASA Administrator Charlie Bolden said in a statement. "It's robotic missions like these that will pave the way for future human space missions to an asteroid and other deep space destinations

 Asteroid mining is feasible but will fail without more work on the project

Gertsch, No date (Robert E. Gertsch, No date, National Space Society, Mining Studies, http://www.nss.org/settlement/nasa/spaceresvol3/astermin1.htm)

Asteroid Mission Selection While the latest studies of retrieval and processing methods indicate that the project is feasible, the selection and the execution of an asteroid return mission are still fraught with problems. These problems stem from two basic causes: no candidate asteroid has been identified and the long trip time imposes severe limits 0.0 the mission. The results seem attainable but only with much more work. Identifying an Asteroid Prospect From the perspective of the terrestrial mining industry, lack of a specific asteroid candidate or prospect means that no project exists. Mining projects are so sensitive to actual site characteristics that an asteroid mining mission cannot be justified on circumstantial evidence. This is particularly true of an unmanned mission, where everything must work properly the first time and without human intervention. 

It’s probable that asteroid mining candidates can be located if enough resources are applied to the search effort

Gertsch, No date (Robert E. Gertsch, No date, National Space Society, Mining Studies, http://www.nss.org/settlement/nasa/spaceresvol3/astermin1.htm)

Confidence that a feasible asteroid prospect exists in the near-Earth environment is based on statistical analysis. Given the known distribution of near-Earth asteroids and studies of their compositions, it seems probable that a candidate can be located, if enough resources are applied to the search effort (see Michael J. Gaffey's paper in this volume). Physical properties of prospective candidates - mineral grades, mineral variability, specific mechanical characteristics of the asteroidal material, and orbital characteristics-must be determined before significant development of an asteroid mission proceeds. Nevertheless, a basic understanding of what an asteroid mission might entail is readily at hand. Using the possible orbits, mineral compositions, and mechanical properties of the near- Earth asteroids. one can construct a range of potential missions. The feasibility of such a mission can be established and comparison can be made to a lunar mission, such as the LOX-to-LEO project. Sensitivity analysis of asteroid mission profiles and comparisons to lunar projects can begin almost immediately. Criteria can be developed that will guide selection of candidate asteroid bodies. The expected range of flight characteristics, combinations of ore grades, ore types, mechanical properties, flight durations, and transportation costs can be determined and the range compared to that of a lunar project. 

The basic questions of asteroid mining are yet be answered due to lack of research

Gertsch, No date (Robert E. Gertsch, No date, National Space Society, Mining Studies, http://www.nss.org/settlement/nasa/spaceresvol3/astermin1.htm)

Long Mission Duration Long travel times to near-Earth asteroids pose significant economic and operational problems. Physical sampling of the candidate body would take as long as the mining mission, so the flow of risk- reducing information is slow. The sampling mission would take a year or more, there may be a long wait for the next mission window, and then the mining mission would take another year or more. Thus, the lead time could be very long. When the mining mission finally flies, an expensive mining plant would have been in orbit a year or more before use. This unproductive time significantly raises the mission's cost. The round-trip time of 2 years or more lowers the rate of return on investment in plant and equipment. Mission feasibility depends on the right choice of three basic types of missions: a long-duration manned mission, an automatic or teleoperated mission, or a mission in which the manned portion accepts high L\ V and the equipment arrives by slow Hohmann transfer orbit. Determining the proper choice will require extensive research and development, which, of course, increases mission cost. Each type has its advantages and disadvantages, both during the mission and in later technology transfer. The basic tradeoff question-manned or automatic/teleoperated - has yet to be answered. 
A large amount of funding is needed to prevent mission failures

Gertsch, No date (Robert E. Gertsch, No date, National Space Society, Mining Studies, http://www.nss.org/settlement/nasa/spaceresvol3/astermin1.htm)

The benefits of automation are derived from economic considerations and not simply from eliminating people from the production loop. If automation decreases production costs, it should be used. This principle is important even in highly automated industries such as automobile manufacturing. Tasks that are repetitive and boring yet require precision are the best candidates for automation. In this realm, the experience of General Motors illuminates the point. GM's new, largely automated assembly plant has yet to reach production goals and has a myriad of problems. Increasing the production rate and maintaining the required quality while lowering or maintaining production costs justifies the increased capital cost of automation. Some mines, particularly longwall coal mines, have successfully achieved partial automation of a relatively repetitive mining system. It was accomplished in small steps: One easily defined machine operation or task was automated while the rest of the operations remained manual. After debugging and redesign, the automated operation achieved the required degree of reliability. Then, another candidate for automation was selected and the process was repeated. Over several years, a reliable and integrated but not fully automated system may thus be painstakingly built. In general, terrestrial mine automation has been confined to remote sensing of mine parameters, such as ventilation and equipment status, and production monitoring. Complete mine automation has been shown to have too great a capital cost to be effectively amortized over the production life of a mine. Furthermore, mining operations have a much greater number of degrees of freedom than does automobile manufacturing. Besides increasing capital (and R&D) costs, operations that are not exactly repetitive have more automation problems than do repetitive operations. Thus, mining costs are not lowered by automation as much as product manufacturing costs are. The fact that the harsh mining environment is much harder on equipment than is a closed plant environment only aggravates the problem. This experience does not close the door on automatic/teleoperated asteroid missions. It does indicate caution when contemplating these missions. The automatic/ teleoperated asteroid mining equipment must work perfectly. Even small equipment failures cause the mission to fail. An expensive R&D effort is needed to ensure such perfection. As with the lunar case, the lessons learned in flying an automatic/teleoperated asteroid mission may find extensive terrestrial application, helping to amortize the large R&D costs. 

Problems like weightlessness need in depth study to be solved for

Gertsch, No date (Robert E. Gertsch, No date, National Space Society, Mining Studies, http://www.nss.org/settlement/nasa/spaceresvol3/astermin1.htm)

Mining in Zero Gravity Although it might seem easier to move materials in zero gravity than on Earth, inertia, not overcoming gravity, is the major effect to consider. Little experience has been gained in weightlessness. One sample problem is that of holding fracturing and excavation tools to the face of an asteroid. On Earth, equipment hold-down is accomplished solely by gravity. Another sample problem is containing the excavated material, either large or small fragments. Rock fracturing places an initial velocity on the broken material. On Earth, gravity quickly collects the broken rock. In weightlessness, the broken rock will behave like out-of-control billiard balls, a potentially destructive game. Furthermore, the fines that are always generated by rock fracturing may obscure vision and clog equipment. Our study group did not have time to consider the full significance of working complex equipment in zero g, but we note that this problem needs in-depth study. 

**Resource Econ ADV**
*REE Scenario*

Ext: REE Low Now

China has a monopoly on resources with huge military applications

Bradsher 09 Resource Analyst for the New York Times (8/31/2009, Kieth Bradsher, The New York Times, “China Tightens its grip on rare minerals”, http://www.nytimes.com/2009/09/01/business/global/01minerals.html?pagewanted=1&%2360;!--Undefined%20dynamic%20function%20data_sanitationlib::sanitize_string:1%20called--&%2362;)

 HONG KONG — China is set to tighten its hammerlock on the market for some of the world’s most obscure but valuable minerals.  China currently accounts for 93 percent of production of so-called rare earth elements — and more than 99 percent of the output for two of these elements, dysprosium and terbium, vital for a wide range of green energy technologies and military applications like missiles.

Deng Xiaoping once observed that the Mideast had oil, but China had rare earth elements. As the Organization of the Petroleum Exporting Countries has done with oil, China is now starting to flex its muscle.

Even tighter limits on production and exports, part of a plan from the Ministry of Industry and Information Technology, would ensure China has the supply for its own technological and economic needs, and force more manufacturers to make their wares here in order to have access to the minerals.

In each of the last three years, China has reduced the amount of rare earths that can be exported. This year’s export quotas are on track to be the smallest yet. But what is really starting to alarm Western governments and multinationals alike is the possibility that exports will be further restricted.

Chinese officials will almost certainly be pressed to address the issue at a conference Thursday in Beijing. What they say could influence whether Australian regulators next week approve a deal by a Chinese company to acquire a majority stake in Australia’s main rare-earth mine.

The detention of executives from the British-Australian mining giant Rio Tinto has already increased tensions.

They sell for up to $300 a kilogram, or up to about $150 a pound for material like terbium, which is in particularly short supply. Dysprosium is $110 a kilo, or about $50 a pound. Less scare rare earth like neodymium sells for only a fraction of that.

(They are considerably less expensive than precious metals because despite the names, they are found in much higher quantities and much greater concentrations than precious metal.)

China’s Ministry of Industry and Information Technology has drafted a six-year plan for rare earth production and submitted it to the State Council, the equivalent of the cabinet, according to four mining industry officials who have discussed the plan with Chinese officials. A few, often contradictory, details of the plan have leaked out, but it appears to suggest tighter restrictions on exports, and strict curbs on environmentally damaging mines.

Beijing officials are forcing global manufacturers to move factories to China by limiting the availability of rare earths outside China. “Rare earth usage in China will be increasingly greater than exports,” said Zhang Peichen, the deputy director of the government-linked Baotou Rare Earth Research Institute.

Some of the minerals crucial to green technologies are extracted in China using methods that inflict serious damage on the local environment. China dominates global rare earth production partly because of its willingness until now to tolerate highly polluting, low-cost mining.

The ministry did not respond to repeated requests for comment in the last eight days. Jia Yinsong, a director general at the ministry, is to speak about China’s intentions Thursday at the Minor Metals and Rare Earths 2009 conference in Beijing.

Until spring, it seemed that China’s stranglehold on production of rare earths might weaken in the next three years — two Australian mines are opening with combined production equal to a quarter of global output.

But both companies developing mines — Lynas Corporation and smaller rival, Arafura Resources — lost their financing last winter because of the global financial crisis. Buyers deserted Lynas’s planned bond issue and Arafura’s initial public offering.

Mining companies wholly owned by the Chinese government swooped in last spring with the cash needed to finish the construction of both companies’ mines and ore processing factories. The Chinese companies reached agreements to buy 51.7 percent of Lynas and 25 percent of Arafura. 

 The Arafura deal has already been approved by Australian regulators and is subject to final approval by shareholders on Sept. 17. The regulators have postponed twice a decision on Lynas, and now face a deadline of next Monday to act.

 Matthew James, an executive vice president of Lynas, said that the company’s would-be acquirer had agreed not to direct the day-to-day operations of the company, but would have four seats on an eight-member board.

Expectations of tightening Chinese restrictions have produced a surge in the last two weeks in the share prices of the few non-Chinese producers that are publicly traded. In addition to the two Australian mines, Avalon Rare Metals of Toronto is trying to open a mine in northwest Canada, and Molycorp Minerals is trying to reopen a mine in Mountain Pass, Calif.

Unocal used to own the Mountain Pass mine, which suspended mining in 2002 because of weak demand and a delay in an environmental review. State-owned Cnooc of China almost acquired the mine in 2005 with its unsuccessful bid for Unocal, which was bought instead by Chevron; Chinese buyers tried to persuade Chevron to sell the mine to them in 2007, but Chevron sold it to Molycorp Minerals, a private American group.

A single mine in Baotou, in China’s Inner Mongolia, produces half of the world’s rare earths. Much of the rest — particularly some of the rarest elements most needed for products from wind turbines to Prius cars — comes from small, often unlicensed mines in southern China.

China produces over 99 percent of dysprosium and terbium and 95 percent of neodymium. These are vital to many green energy technologies, including high-strength, lightweight magnets used in wind turbines, as well as military applications.

To get at the materials, powerful acid is pumped down bore holes. There it dissolves some of the rare earths, and the slurry is then pumped into leaky artificial ponds with earthen dams, according to mining specialists.

The Ministry of Industry and Information Technology has cut the country’s target output from rare earth mines by 8.1 percent this year and is forcing mergers of mining companies in a bid to improve technical standards, according to the government-controlled China Mining Association, a government-led trade group.

General Motors and the United States Air Force played leading roles in the development of rare-earth magnets. The magnets are still used in the electric motors that control the guidance vanes on the sides of missiles, said Jack Lifton, a chemist who helped develop some of the early magnets.

But demand is surging now because of wind turbines and hybrid vehicles.

The electric motor in a Prius requires 2 to 4 pounds of neodymium, said Dudley Kingsnorth, a consultant in Perth, Australia, whose compilations of rare earth mining and trade are the industry’s benchmark.

Mr. Lifton said that Toyota officials had expressed strong worry to him on Sunday about the availability of rare earths.

Toyota and General Motors, which plans to introduce the Chevrolet Volt next year with an electric motor that uses rare earths, both declined on Monday to comment.

Rick A. Lowden, a senior materials analyst at the Defense Department, told a Congressional subcommittee in July that his office was reviewing a growing number of questions about the availability of rare earths.

China is increasingly manufacturing high-performance electric motors, not just the magnets.

“The people who are making these products outside China are at a huge disadvantage, and that is why more and more of that manufacturing is moving to China," Mr. Kingsnorth said.

Rare Earth Elements are being used as a political tool for the Chinese

Resource Investor 6-2 (6-2-2011, “Rare Earths are about to Be a Lot More Rare”, http://www.resourceinvestor.com/News/2011/6/Pages/Rare-Earths-are-About-to-Become-a-Lot-More-Rare-.aspx) RP 

Interest in rare earths is starting to heat up once again, and it is something you should keep on your radar. China’s Baotou Steel has announced its intention to start up the world’s first rare earths exchange. The move is expected to increase the liquidity and visibility of these valuable elements while reducing their trading costs. So named because they were hard to get in the 18th and 19th century, these once obscure elements have suddenly become the focus of several converging trends in the global economy, as they are the key ingredient of magnets. There are 17 in all, divided into light (cerium, Ce, lanthanum, La, and neodymium, Nd) and heavy (dysprosium, Dy, terbium, Tb, and europium, Eu). Since the beginning of the year, the price of 99% pure cerium oxide has rocketed by 650% to $11.50 a pound. It turns out that you can’t build a hybrid or electric car, a wind turbine, thin film solar, LED’s, high performance batteries, or a cell phone without these elements. One Prius uses 25 kilograms of the stuff. You also can’t fight a modern war without rare earths, being essential for radar, missile guidance systems, navigation, and night vision goggles. That’s where things get interesting. China now produces 97% of the world’s rare earth supplies, much of it coming from small mines operating by criminal gangs where it is safe to say, concerns about environmental damage are nil. In 2009, China announced that would start restricting rare earth exports, possibly banning several, it is thought, in order to force foreigners to buy more of their downstream electronic products. Such a ban was temporarily enforced against Japan last fall, when they arrested a hapless Chinese fisherman (spy) who drifted into disputed territorial waters. The ban was lifted when the man was released. Thus, rare earths made their debut at a Chinese political weapon. Similar restrictions could be enforced against the rest of us as early as 2012. The world market for rare earths is tiny now, amounting to only $4 billion a year. But Toyota intends on doubling its production of Priuses from 1 million to 2 million units in the near future, while China and South Korea want to boost their combined electric and hybrid production by 1 million units by the end of next year. Nissan is ramping up global manufacturing of its all electric Leaf to 500,000 by next year. America was once the world’s largest producer of these elements, until it was undercut on prices by China (see chart below), and all US production ceased. The threatened Chinese supply squeeze has prompted a group of investors to reopen Molycorp’s (MCP) Mountain Pass California mine, a jackrabbit ridden, rattlesnake infested pit an hour southwest of Las Vegas. The mine was the world’s largest producer of cerium and neodymium, and provided the europium that was used to produce the first color televisions. Last August, Molycorp raised $500 million through an IPO to reopen the mine and a nearby refinery at $15 a share. It briefly dipped to $12.50 where I got everybody in, and then soared to $79, making it the top performing IPO for 2010. Further fuel was added to the fire with the launch of the first rare earth ETF, Market Vectors Rare Earths/Strategic Metals (REMX) in November. Now congress wants to get involved, proposing a rare earths strategic stockpile for the military, and offering subsidized loans to fund it. Remember what that did for oil? The price has already started with cerium doubling to $4/pound since 2007, and neodymium up 500% to $23/pound during the same period. So it might be wise to use the next generalized equity sell off to dip your toe back into the rare earths pool. 

There is a shortage of supply- don’t believe the Chinese media

Ahanotu 6-20 Graduate of Stanford University with over fifteen years of experience doing analytic modeling, executing pricing strategies through price optimization, and implementing, developing, and selling enterprise software (6-20-2011, Dr. Ahanotu,  “Chinese Academic's Rare Earth Forecasts at Odds With Industry Experts”, http://seekingalpha.com/article/275755-chinese-academic-s-rare-earth-forecasts-at-odds-with-industry-experts) RP

Last week, an article from China Daily titled “Rare-earth supplies expected to grow” was blamed for the weakness in several rare earth stocks like Molycorp (MCP) and Lynas Corp. Ltd (LYSCF.PK) on June 16. The article contains numerous quotes from Chen Zhanheng, director of academic department, the Chinese Society of Rare Earths (CSRE). It is important to remember that China Daily is essentially a megaphone for the Chinese government. According to the New York Times (Oct 18, 2010): “China Daily is owned and closely supervised by the Chinese government, and presents official views on a wide range of issues.” Given the U.S. and Europe have threatened to challenge China’s export quotas on rare earths in the World Trade Organization (WTO), China has every reason to promote news and studies that reduce that pressure. A forecast of imminent abundant supply appears to defend China’s position. Zhanheng states the following in an important quote from the article: Overseas demand for rare earths has stood at an average of 50,000 tons annually in the past few years…’Global supply of the minerals, particularly the light-type, which exists in abundant deposits overseas, will soon surpass demand, despite China’s curbs on the metals.’ Of course, “the past few years” includes a worldwide, economic collapse that interrupted a steady increase in demand for rare earths. Moreover, aggregating demand numbers is not too useful. For example, the tonnage of demand for cerium and lanthanum (light rare earth elements or REEs) dwarf the size of demand for other rare earths. Two other light REEs, neodymium and europium, have enough demand and high enough prices to drive projects with high-grade ores (for example, see Molycorp and Lynas). Zhanheng also claims that the high prices of rare earths will encourage more producers who will then bring ample supply to market. He uses production targets in other countries to conclude “…a total of 60,000 tons of rare earths will be produced outside China by 2013 and 170,000 tons by 2015.” I feel we have already seen some version of this episode. Goldman Sachs (GS) set off a firestorm of controversy in early May when an analyst claimed that rare earth prices would peak in 2012 as the industry moves from deficit to over-supply after 2013. Jack Lifton, a leading authority on the sourcing and end use trends of rare & strategic metals, was particularly adept in debunking the thesis in “In Xanadu Did Goldman Sachs Decree A Rare Earths Surplus For All To See” by demonstrating the flaws in treating rare earths as one large substance and by pointing out the limited production outside China. Lifton also questioned the quality (or even relevance) of production planned by many junior miners going out to 2015. Zhanheng’s supply forecasts must assume that non-commercial projects will somehow get funded. Zhanheng’s comments imply that overseas demand for rare earths will remain at 50,000 tons for the foreseeable future, but he does not volunteer estimates for China’s demand. This is relevant because, for example, Lynas has claimed China will soon become a net importer. Dudley Kingsnorth claims that China’s demand will equal its production by 2014, and Molycorp starts with this estimate and rolls back the moment of truth to 2012, when taking into account wind turbines and a continued economic recovery (see p27 of “China’s Rare Earth Elements Industry: What Can the West Learn?” by Cindy Hurst, March 2010, Institute for the Analysis of Global Security (IAGS). Hurst works for the U.S. Army’s Foreign Military Studies Office). On June 6, 2011, reports appeared that the U.S. Geological Survey submitted estimates to Congress that demand for rare earths will increase 8% per year (still waiting for official publication of this report). So, even if overseas demand remains static (with China increasing control over the manufacturing of products using rare earths?), it seems highly likely that Chinese demand will be enough to keep general rare earth supplies short. Notably, the Chinese Rare Earths Industry Association has provided a much different forecast than Zhanheng. From the New York Times on October 18, 2010: “Wang Caifeng, the secretary general of the Chinese Rare Earths Industry Association, predicted at the conference in Xiamen on Tuesday that domestic demand for rare earths in China would soar to 130,000 tons in 2015 from 75,000 tons now, Bloomberg reported. She said that world consumption would be 210,000 tons in 2015, which would seem to indicate that consumption outside China would total 80,000 tons.” China’s efforts at creating domestic reserves belies predictions of imminent over-supply. For example, on June 15, 2011, the WSJ reported in “China To Set Up Strategic Reserve For Heavy Rare Earths -Sources” that China may be moving forward with a heavy rare earth strategic reserve in addition to plans already in place to build a strategic reserve for light rare earths. Reserves create incremental demand for a resource. Accordingly, Lifton makes the ominous prediction that: “Unless the rest of the world now shifts its focus to the production of heavy rare earths and their stockpiling, then by 2015 at the latest, there will be virtually no HREEs available outside of Chinese control, and thus, any manufactured product requiring a HREE will by necessity have to be made within China by a manufacturer who is either Chinese or has access to quota ultimately issued by the Chinese authorities.” The upshot is that all this stockpiling will help drive REE prices ever higher for at least the duration of these stockpiling programs and likely longer. Finally, on June 17, 2011, we received a reminder of China’s tightening grip on supplies that continues to drive REE prices skyward. In “Rare Earth Prices Double on China, Industrial Minerals Says“, Bloomberg reports: “Prices of some rare earths, used in hybrid cars and laptops, have more than doubled in the past two weeks as China seeks to tighten control of mining, production and exports, Industrial Minerals said. Dysprosium oxide, used in magnets, lasers and nuclear reactors, has risen to about $1,470 a kilogram from about $700- $740 at the start of the month, Industrial Minerals said in an e-mailed statement.” On balance, I find plenty of reason to believe that the supply of rare earths will remain challenged for quite some time. 

A2: Earth Mining

Mining REE on Earth is infeasible- low concentrations, rare mine location, international restriction, and cost issues prevent it

USSMA 5/11- (USMMA RARE EARTH MTYH-FACT PAPER – May 2011, http://www.usmagneticmaterials.com/press-releases/USMMA-Myth-Fact-Paper-5_11.pdf) 

Assumption: There is a very limited supply of rare earth elements in the world.

Fact: While rare earths are abundant in the earth’s crust, the ability to locate concentrations that are economically viable for extraction and processing is rare.

Names can be misleading. The 17 distinct elements that make up the rare earth grouping are not rare at all. In fact, so-called rare earths are present in “low concentrations throughout the Earth’s crust… [and] can be found in almost all massive rock formations,”1

Unfortunately, the primary problem with mining rare earth elements is one of access. Due to low levels of concentration – sometimes less than ten parts per million by weight – exploration efforts can be daunting. Finding rare earth elements in a significant enough mass to make extraction economically viable is a considerable challenge. including in Australia, Brazil, Canada, China, India, the former Soviet Union, the United States, and other locations across the globe.

Compounding this economic challenge is the fact that implementation of much-needed environmental regulations has slowed the extraction process and driven up the cost of extraction. Some rare earth mining techniques have caused significant environmental damage; for example, in southeastern China, “miners scrape off the topsoil and shovel golden-flecked clay into dirt pits, using acids to extract the rare earths. The acids ultimately wash into streams and rivers, destroying rice paddies and fish farms and tainting water supplies.”2

1 Hurst, Cindy. “China’s Rare Earth Elements Industry: What Can the West Learn?” Institute for the Analysis of Global Security (Washington, DC, 2010). Improved environmental

2 Bradsher, Keith. “Earth-Friendly Elements, Mined Destructively”, New York Times, December 25, 2009, http://www.nytimes.com/2009/12/26/business/global/26rare.html?ref=global.

standards, in China and elsewhere, are absolutely necessary but unfortunately have resulted – and will continue to result – in decreased relative supply of these elements.

Assumption: Recent actions by China make them an unreliable supplier of rare earth materials on the global marketplace.

Fact: China has dramatically reduced exports, decreased production, increased taxes on rare earth product, and allegedly embargoed trading partners.

This assumption is unfortunately accurate. China produces more than 95 percent of all rare earth oxides for world consumption. However, the ability – and willingness – of China to export rare earth oxides and metals is eroding due to growing domestic (Chinese) demand, enforcement of environmental laws and regulations, and a mandate to consolidate the industry by decreasing the number of mining permits. As a result, China has imposed several restrictions in the last year, causing significant market disruptions. For example, in July 2010, China decreased their export quota allocations on rare earth oxides and metals by over 70 percent. The market impact was immediate and alarming: these additional restrictions from the world’s largest producer of rare earth materials caused a rapid escalation in the price of materials, in increasing prices between three to eight times and causing supply shortages of some materials. In September 2010, China restricted export of all rare earth oxide and metal to Japan over a diplomatic incident and, in October 2010, imposed similar restrictions on exports to the United States and Europe.

Equally troubling is that many Chinese suppliers to U.S. corporations became reluctant to quote pricing and availability to consumers as they anticipated further price increases. Uncertainty in cost and availability highlight a critical vulnerability in the supply chain, as noted in the 2010 GAO report on this topic. The prices of rare earths in 2011 have become progressively higher with increases ranging from 5 to over 20 times their pre-July 2010 levels.

Assumption: Extracting rare earth elements is simple, and U.S.-based companies can quickly develop this capability.

Myth: Extraction is only a small component of the supply-chain. Concentration and separation to individual oxides can cost upwards of $500 million per location and up to 10 years for mine development and permitting.

Processing rare earth elements is much more complicated and costly than processing other ores, such as gold. Miners extract ore that contains rare earths as well as many other minerals. Processors then crush the ore into gravel-sized pieces that can be fed into a grinding mill, which transforms the gravel into a fine sand or silt. The silt then runs through a floatation process, in which processors add an agent to the silt and cause air bubbles to rise through the tank; the bubbles “catch” the rare earth minerals, bringing them to the surface as a froth that can be separated out. The next step involves the addition of acid and various solvents (each rare earth element has its own extraction steps and chemical processes) to separate the rare earth elements into distinct oxides, which can be dried, stored, and shipping for further processing.

3The next steps are to reduce – or refine – the rare earth oxides into metals with different purity levels, form the metals into rare earth alloys, and finally manufacture the alloys into components, such as permanent magnets, for use in defense and commercial applications. This process also produces waste water sometimes containing potentially harmful materials, including radioactive thorium, radium, and uranium, which require careful recycling or disposal.

4Clearly, successfully processing rare earth elements requires considerable know-how, operational experience, and manufacturing assets and facilities. Currently, there is limited rare earth production in the United States, which remains nearly entirely dependent on overseas refineries for elemental and alloy processing. Generally speaking, most processing occurs in China; Japanese firms produce metals, metal alloys, and magnets, and Germany can produce alloys and magnets. According to a 2009 Government Accountability Office (GAO) briefing to Congress, “based on industry efforts, rebuilding a U.S. rare earth supply chain may take up to 15 years and is dependent on several factors, including security capital investments in processing infrastructure, developing new technologies, and acquiring patents, which are currently held by international companies.”
5Even foregoing an end-to-end processing capability would require years of investment. A rare earth mine in Mountain Pass, California, is the largest non-Chinese deposit in the world, but it does not have substantial amounts of heavy rare earths (such as dysprosium) for heat-resistant permanent magnets in commercial and defense applications. This facility is currently in the process of a multiyear upgrade for assets and facilities to process rare earth ore into oxide. The aforementioned GAO briefing noted that “according to industry, rare earth deposits in the United States, Canada, Australia, and South Africa could be mined by 2014.”

6 On the other end of the supply chain, industry estimates that creating a magnet-producing facility for sintered neodymium iron boron permanent magnets, which play a critical role in several critical defense applications, would also take a minimum of 2 years.

Ext: K2 REE

REE’s exist on Asteroids

Jenniskens et. al 09 Research Scientist with the Carl Sagan Center at the SETI Institute and works on mission projects at NASA/Ames Research Center in Moffett Field, California, and on research topics that relate to interstellar and interplanetary matter. (3/26/09, Dr. Peter Jenniskens, M. H. Shaddad 2 , D. Numan 2 , S. Elsir 3 , A. M. Kudoda 2 , M. E. Zolensky 4 , L. Le 4,5 , G. A. Robinson 4,5 , J. M. Friedrich 6,7 , D. Rumble 8 , A. Steele 8 , S. R. Chesley 9 , A. Fitzsimmons 10 , S. Duddy 10 , H. H. Hiseh 10 , G. Ramsay 11 , P. G. Brown 12 , W. N. Edwards 12 , E. Tagliaferri 13 , M. B. Boslough 14 , R. E. Spalding 14 , R. Dantowitz 15 , M. Kozubal 15 , P. Pravec 16 , J. Borovicka 16 , Z. Charvat 17 , J. Vaubaillon 18 , J. Kuiper 19 , J. Albers 1 , J. L. Bishop 1 , R. L. Mancinelli 1 , S. A. Sandford 20 , S. N. Milam 20 , M. Nuevo 20 & S. P. Worden 20, Nature Journal, “ The impact and recovery of asteroid 2008 TC3”, http://asima.seti.org/2008TC3/nature07920.pdf, DA 6-22-11) RP

Classification of the meteorite was based on oxygen isotopes, bulk chemistry, and mineralogy. The oxygen isotope abundance of two fragments was measured as: D 17 O 5 20.147% and 20.501%, d 17 O 5 3.90% and 3.56%, and d 18 O 5 7.70% and 7.72% relative to Standard Mean Ocean Water (SMOW). A third sample, in contact with fusion crust, gave D 17 O 5 20.539%, d 17 O 5 3.09%, and d 18 O 5 6.89% SMOW. These values scatter along the carbonaceous chondrite anhydrous mineral (CCAM) slope of d 17 O/d 18 O, on the upper edge of the compositional field of ureilites 12 —see Supplementary Information. Bulk chemistry shows that trace element abundances are achondritic (tabulated in Supplementary Information). Rare earth element (REE) abundances relative to CI chondrites steadily increase with atomic number from 0.1 to 0.6 CI, and possess a distinct negative Eu anomaly, closely resembling the bulk analyses of many ureilites, and generally interpreted as indicative of the material being a residue of partial melting 13,14 . The relatively high ($0.1 CI) REE abundances in Almahata Sitta are consistent with it being a polymict ureilite, which as a group have higher REE concentrations than the more common monomict ureilites 14 . (The ‘polymict’ modifier refers to the presence of olivine and pyroxene-rich lithic clasts among ureilitic clasts.) The sample has subrounded mineral fragments and fine-grained olivine aggregates embedded in a cataclastic matrix of ureilitic material (Fig. 3A, B) 15 . Only one case of zoned olivine was found. Shock effects are not apparent. The examined samples have considerable porosity, ranging from 10% to 25%; the walls of pores are commonly coated by anhedral to euhedral crystals of low-calcium pyroxene (Fs2Wo3 ) and olivine (Fa12-14 ), and in some instances spherules of kamacite and botryoidal masses of Crbearing troilite (Fig. 3C). (Here Fs indicates ferrosilite, Wo wollastonite, Fa fayalite, and Fa12-14 indicates 12–14% of this component.) These could be vapour deposits. Aggregates of carbonaceous material, up to 0.5 mm in size, are common and primarily consist of finegrained graphite, making the rock dark. Some diamond and aliphatic carbon is also present (Fig. 3D) 

Asteroids house precious REE’s

Bova 10 Ben Bova is the author of nearly 125 books, including “The Return,” his latest futuristic novel. (11-27-2010, Ben Bova, “Rare earth elements are in the news”, http://www.naplesnews.com/news/2010/nov/27/ben-bova-nov-28-2010-rare-earth-elements-are-news/) RP 

Rare earth elements are in the news. They have strange names, such as neodymium, scandium, yttrium. Although they’re not really all that rare, they are messy to dig out of the ground and difficult to refine. Even so, rare earth elements are very useful, being important ingredients in lasers, superconducting magnets, batteries for hybrid automobiles, and the kinds of magnets used in computer hard disc drives. China produces roughly 97 percent of the world’s supply of rare earth elements. A few weeks ago China tightened its exports of these elements to the United States and Japan, two of the biggest users of them. The Chinese government says it is limiting its exports of rare earths because it wants to improve the environmental conditions of its mines — and, besides, it needs to keep a larger percentage of them for its own growing industries. Japan is looking into the possibilities of opening a rare earth mine in Vietnam, and in the U.S. Molycorp Minerals plans to reopen a mine in California it had closed in 2002 when radioactive waste was discovered leaking from a pipe there. But new facilities would have to be built to refine the ores from these mines. At present, the only operating refinery for rare earths happens to be — you guessed it — in China. Cynics believe the Chinese are merely trying to drive up the price of the rare earths. Conspiracy theorists see a plot afoot in Beijing to control a natural resource that is vital for many high-tech industries. Space enthusiasts, though, see an opportunity. The solar system contains millions, perhaps billions, of small chunks of metals and minerals, which are called asteroids. The largest of them, Ceres, is less than 600 miles wide. Most of them are much smaller, tiny chunks of rock left over from the creation of the solar system nearly five billion years ago. Most of the asteroids circle around the Sun between the orbits of Mars and Jupiter, roughly four times farther from the Sun than our own planet Earth. But there are thousands that are much closer to Earth. Some of them actually cross Earth’s orbit. They are called Near Earth Asteroids: NEAs. (Astronomers are not known for poetic nomenclature.) When President Barack Obama scrapped NASA’s plans for returning to the Moon and building permanent bases there, he proposed sending astronauts to one of the NEAs, instead. Now, many of these asteroids happen to be rich in rare earth elements. In fact, most of the rare earth mines on our planet are situated at the sites of ancient asteroid impacts. If we’re going to send astronauts to an asteroid, why not include a geologist who can bring back some samples of rare earths? Why not give the mission a purpose beyond merely exploring for the sake of scientific knowledge? Why not begin to exploit the natural resources that lie among the asteroids? Such an effort could act as an incentive for private industry to move farther into space than merely providing rockets to ferry people and cargo to the International Space Station. It could also show the world — and particularly the Chinese government — that we can move beyond our dependence on their resources (and ploys). Mining rare earths from asteroids would be enormously expensive, at first. But the effort could help to start a transition toward developing space industries. In time, we could see many industrial operations running in space, using virtually free solar energy, while our world becomes cleaner and greener: a residential zone, with industry moving off our planet. Would a move in this direction influence the Chinese government to relax its grip on rare-earth exports? There is a precedent for this sort of thing. In the 1980s, when former President Ronald Reagan proposed the Strategic Defense Initiative (aka “Star Wars”) it started a chain of events that led eventually to the fall of the Soviet Union. We didn’t go ahead with SDI — indeed, we still do not have a credible defense against ballistic missiles. But the possibility that the U.S. might develop missile defenses helped to crack the Soviet Union apart. The possibility of mining rare earths from asteroids might help influence China, too. 

Ext. Hard Power IL

China controls the necessary REE’s to build US tanks

Khosla 6-13  Tanuj Khosla is currently working as a Research Analyst at 3 Degrees Asset Management, a fund management firm in Singapore. (6-13-2011, Tanuj Khosla, “China Holds The World Hostage In Rare Earth Metals”, http://www.businessinsider.com/china-holds-the-world-hostage-in-rare-earth-metals-2011-6) RP

 Not many people in the world, especially in the West, realize the crisis that is confronting all the countries with the exception of China due to rare earth metals. Despite their name, rare earth metals are fairly abundant in the Earth's crust.

However, due to their geochemical properties they are typically dispersed and not often found or concentrated in economically exploitable forms which are known as rare earth minerals. These minerals contain one or more rare earth elements as major metal constituents. It is this very scarcity of these minerals on Earth that led to the term "rare earth.”

These elements are widely used in a range of hardware including precision-guided weapons, hybrid car, magnets for electric vehicle motors wind turbines, compact fluorescent light bulbs and iPads. About 97 percent of the world’s rare earth metal supplies come from China , not because they are not found globally around the world but because in the 1990s China was able to produce these metals so cheaply that mines in other parts of the world were forced to shut down. In fact China's former leader Deng Xiaoping is supposed to have said 'There is oil in the Middle East, but there is rare earth in China’ in 1992.

In March this year China announced that it will cap its total output of rare earth oxides at 93,800 tonnes this year, up 5 per cent from last year. The country further declared that it would not approve any new prospecting or production licenses for rare earths until June 30, 2012. These announcements followed slashing of export quotas of the 17 rare earth metals and raised tariffs on exports which had caused the price of the elements to breach the $100,000-per-tonne mark for the first time in February, up almost nine fold from a year before.

China’s Customs office changed its method of presenting rare earths exports in its headline data this year, boosting the reported volume by including products made from rare earth metals in the total. Personally I see this as nothing but an attempt to mask & divert attention from the decrease in export volumes of rare earths which is causing China’s trading partners to see red. One of them, Molycorp, a rare earth mining company has been addressing the issue by acquiring companies around the globe to reduce their dependency on China. Others are also racing to fill the gap by prospecting for deposits in

Canada, Australia, South Africa and Greenland.

America’s Government Accountability Office (GAO) estimates that it could take up to 15 years for the West to catch up with China and develop alternative supplies. Not many people know that the US's main battle tank, the M1A2 Abrams, uses rare earth metals in its navigation system. Even the missiles that have targeted Taliban terrorists from drones above the battlefields in Afghanistan need a chemical that is produced only in China.

The rationales given by the Chinese for such drastic moves which have alarmed foreign governments are (i) Such high levels of rare earth production are not environmentally sustainable, and that (ii) China needs to retain supplies for domestic industries. I can’t argue much about the former as  even though China has been mining rare earths at high environmental costs for over a decade, they have ‘walked the talk’ by taking substantial measures towards environmental protection in the last 2-3 years.

Their 12th five year plan shows a very strong commitment in dealing with climate issue. However I am very sceptical about the second reason as China’s Baiyunebo is by far the largest deposit of rare earths in the world, and even today, industry experts reckon that China is only using about one-fifth of Baiyunebo's potential. In addition, China has proven rare earths deposits in the southern provinces of Jiangxi and Guangdong, where the metals can be found in high concentrations in clays a few feet below the earth's surface. Clearly supply can match demand.

So how does the world find itself in this situation where it is being held hostage by China? And why is China doing this?

In my opinion, China was smart enough to foresee the importance rare earth metals would assume both in civilian life and military as early as 1960s. They founded a research institute in city of Baotou known as 'Pioneering Rare Earth Hi-Tech Development Zone’ today. The same is currently home to 400 research scientists who specialise rare earths metals. They invested heavily in the complex technologies of rare earths refining and production, discovering far cheaper processes. This along with supply of cheap labour enabled them to flood the market with super-cheap rare earths thereby driving everybody else out of business. They almost seduced the world in walking into their monopoly.
Unfortunately there is no straightforward solution to this problem. China has been cornered in the past on issues ranging from environmental pollution to suppression of human right to appreciation of currency.  A monopoly over these ‘industrial vitamins’ give it substantial bargaining power at the table on various platforms. Countries around the globe need to collaborate and come up with a plan to address this issue and in this case what is good for China is definitely NOT good for the world.

REE’s are key to Military Tech

REITA 11 A Colorado nonprofit corporation formed to facilitate the development and commercialization of rare earth technologies critical to the economic and national security interests of developed nations. (1-2-2011, “Outline of Military Applications of Rare Earth Technologies”, http://www.reitausa.org/rare-earth-magnets/2011/1/2/outline-of-military-applications-of-rare-earth-technologies.html) RP

Rare earth technologies expand farther than what most people realize. There are many various applications that incorporate the use of rare earth minerals, which are minerals necessary for the production of a variety of processes in various industries. If you take a moment to consider the various military applications for the use of these rare earth technologies, you may be shocked with just how extensive it is and how much it is at risk when you consider the true lack of these minerals in today’s marketplace. REITA is working to help educate and change this, but the organization needs more people to understand the real threats. How are rare earth technologies employed in the military field? The following are some military applications that rely on the availability and use of rare earth minerals and technologies from within this organization. Military Function in guidance and control: Here, everything from guided missiles to smart bombs, precision smart munitions and predatory unmanned aircraft need these technologies. The enabling technology stems from rare earth permanent magnet actuators. If it is impossible to access this technology, a redesign of the system is necessary to accommodate a larger actuator system. Consider propulsion. In this area, things like advanced combat systems vehicles, more electric aircraft and electric drives for the navy all are using these technologies. When you consider the technologies being used here, the risks are evident. For example, small powerful CD brushless electric drive motors are necessary to provide high torque at a low speed for these combat systems. If this is not possible, a redesign of the system will be necessary to incorporate larger and heavier motors. That could hurt the functionality of the system. Fuel savings is valuable in any regard, but in terms of military performance, everything from military transport vehicles to heavy equipment of all kinds relies on this type of fuel. This comes from the DC brushless electric assist motors available using rare earth technologies. Without the availability of these technologies, the result is a waste of fuel and an increased amount of greenhouse gas emissions entering the air. This is just a short list of the military technologies requiring the use of rare earth minerals and rare earth technologies. Targeting, range finding, advanced displays, advanced lighting, communications, surveillance and counter surveillance and nuclear threat detection also rely on rare earth technologies for their overall usefulness within the military. Without the availability and the ability to use these rare earth technologies, the military will need to turn to other resources and tools to allow them to perform as well. Everything from safety to the functionality of various applications will be jeopardized because of these risks. There are solutions and it does mean that there needs to be significant change. With the aid of companies such as REITA, there is hope that these technologies will not fall out of use because of the lack of rare earth technologies. Chances are good that these military applications will suffer if there is not a solution developed. 

REE’s are essential to DOD defense systems Neodymium is the best guiding magnet for missiles.

Grasso 11  Specialist in Defense Acquisition (3-31-2011,  Valerie Bailey Grasso, “Rare Earth Elements in National Defense: Background, Oversight Issues, and Options for Congress”, http://www.google.com/url?sa=t&source=web&cd=5&ved=0CDMQFjAE&url=http%3A%2F%2Fwww.fas.org%2Fsgp%2Fcrs%2Fnatsec%2FR41744.pdf&ei=_DwCTs2hO4XcsgajzbikDQ&usg=AFQjCNHsoECnLDIW4IV-_zpGzMzXQ0yV-Q)RP

DOD estimates that the United States uses about 5% of the world’s production of rare earths for defense purposes.2 Rare earth elements are found in two types of commercially available, permanent magnet materials. They are samarium cobalt (SmCo), and neodymium iron boron (NdFeB). NdFeB magnets, considered the world’s strongest permanent magnets, dominate rare earth magnet usage for defense and are essential to many military weapons systems. SmCo retains its magnetic strength at elevated temperatures and is ideal for military technologies such as precision-guided missiles, smart bombs, and aircraft. The superior strength of NdFeB allows for the use of smaller and lighter magnets in defense weapon systems. The following illustrations (Figures 1-5) show the use of rare earth elements in a variety of defense-related applications: • fin actuators in missile guidance and control systems, controlling the direction of the missile; • disk drive motors installed in aircraft, tanks, missile systems, and command and control centers; • lasers for enemy mine detection, interrogators, underwater mines, and countermeasures; • satellite communications, radar, and sonar on submarines and surface ships; and • optical equipment and speakers. 

REE’s are key to military tech like drones and tanks.

Tech News Daily 10 (4-14-2010, Jeremy Hsu, “U.S. Military Supply of Rare Earth Elements Not Secure”, http://www.technewsdaily.com/us-military-supply-of-rare-earth-elements-not-secure-0430/)RP

U.S. military technologies such as guided bombs and night vision rely heavily upon rare earth elements supplied by China, and rebuilding an independent U.S. supply chain to wean the country off that foreign dependency could take up to 15 years, according to a new report by the U.S. Government Accountability Office (GAO). Both "light" and "heavy" rare earth elements represent a family of minerals found in commercial products ranging from TV displays to cell phones, as well as green technologies such as hybrid electric motors and wind turbines. For example, the rare earth element neodymium is very magnetic and is used in everything from computer hard drives to wind turbines and Toyota's Prius hybrid car. The GAO report – a draft of which was obtained by TechNewsDaily – was meant to look at national security risks that could arise from dependency upon rare earth elements. "Defense systems will likely continue to depend on rare earth materials, based on their life cycles and lack of effective substitutes," the GAO reported. New rare earth mines in the U.S., Australia, Canada and South Africa won't start up until at least 2014, based on industry estimates. The GAO report listed rare earth deposits in states that include California, Idaho, Montana, Wyoming, Colorado, Missouri and Utah. But looking beyond the GAO report reveals that many U.S. deposits lack the "heavy" rare earth elements critical for much of today's technological innovations. Another cause for concern: Chinese corporations have also begun investing in mining companies that hold certain U.S. deposits. The U.S. once supplied most of the global supply of rare earth elements, and also manufactured rare earth products such as the neodymium magnets. But rare earth processing has largely shifted to China since the 1990s. Even if the U.S. resumes mining its rare earth deposits and begins converting rare earth ore into oxides, it lacks the facilities for converting rare earth oxides into refined metals. China has set quotas limiting rare earth exports and added on export taxes, despite supplying as much as 97 percent of the world's rare earth oxides. It even warned in an official plan for 2009-2015 that its own industrial demand might force it to stop exporting entirely. Staking the future The GAO report lists the mine at Mountain Pass, California as perhaps the largest non-Chinese rare earth deposit in the world. That same mine almost slipped out of U.S. hands unnoticed during a Chinese bid for the U.S. oil company Unocal in 2005. Unocal had purchased the Mountain Pass mine owner, Molycorp, back in 1978. But that fact went mostly unnoticed during the media and Congressional uproar over the possible threat to U.S. energy security, which eventually led the Chinese company to withdraw its bid. If the China National Offshore Oil Corporation (CNOOC) bid had succeeded, China would currently have an even bigger share of rare earth deposits, according to a recent report by the Institute for the Analysis of Global Security. Molycorp has since reorganized as an independent company after Chevron purchased Unocal. It expects to resume mining at Mountain Pass and plans to produce cerium, lanthanum, praseodymium and neodymium oxides by 2012, even if it must ship those oxides to China for final processing. The U.S. Navy once considered helping fund the Mountain Pass mining and processing facility in 2006, based on the need to secure a domestic U.S. supply of rare earth elements. That idea faded when the Navy "lost interest in the project," according to the GAO report. A need for heavies Still, a need for even rarer "heavy" rare earth elements would require the U.S. military to look beyond the Mountain Pass mine, which can only produce a little terbium and dysprosium. Light rare earths include the minerals ranging from lanthanum to gadolinium on the periodic table of elements, while heavy rare earths range from terbium to lutetium. The Bear Lodge deposit in Wyoming — owned by Canada's Rare Element Resources Ltd — also holds mainly light rare earth elements. Perhaps the likeliest source of heavy rare earth elements in the U.S. comes from the deposit at Diamond Creek, Idaho, owned by U.S. Rare Earths. The U.S. Geological Survey (USGS) also lists some heavy rare earth elements at the company's Lemhi Pass deposits on the Idaho-Montana border. The latest USGS update on rare earth elements described a rare earth deposit at Elk Creek, Nebraska, along with the Idaho, Montana and Wyoming sites. Another Canadian company, Great Western Minerals Group, Ltd., announced that it had begun exploring for rare earth elements in the mineral sands of Deep Creek, Utah in 2007, after buying a 25 percent stake from the Titan Mining Group. Chinese companies have begun moving in on certain mining companies, given their interest in a wide range of resources such as rare earth elements. China Minmetals Group of China previously provided financial backing for Upland Wings, Inc. and Wings Enterprises, Inc., which owns both iron and rare earth deposits at Pea Ridge, Missouri. In 2009, the China Investment Corp bought a 17 percent stake in Teck Resources Ltd., which represents Canada's major base metals company. Teck holds rare earth deposits at Iron Hills in Colorado. From battle tanks to drones The U.S. Department of Defense did not have details on national security risks related to a possible rare earth shortage for the GAO report. But it plans to complete its assessment of dependency upon rare earths by September 2010. Military officials did stress how rare earth elements form a currently irreplaceable part of devices such as lasers, radar, missile-guidance systems, satellites and aircraft electronics. And many military systems also rely upon commercial computer hard drives that use rare earth magnets. Even more specific examples of rare earth-driven technologies include the navigation system for the M1A2 Abrams battle tank, and a new hybrid electric drive in the works for the Navy's DDG-51 destroyers. Rare earth elements might eventually become part of the U.S. National Defense Stockpile, according to the GAO report. Yet the world's largest producer of rare earth elements may already be one step ahead: The rare earth unit of China's Baotou Iron & Steel Group gained official approval in February to begin building a strategic reserve of rare earth elements, China's official newspaper, People's Daily, recently reported. 

Rare earths key to military equipment (missile guidance, cockpit displays, radar)

Boland et al 05 (National Defense University, Fort McNair, Washington, DC, Mr. Michael Boland, Dept. of the Navy; Mr. Robert Bromell, Defense Logistics Agency; LTC Robert Carpenter, USA; LtCol Thomas Clark, USM; CMr. Thomas Donnelly, Defense Intelligence Agency; Lt Col Kenneth Echternacht, Jr., USAF; LtCol David Higgins, USMC Reserve; Mr. Michael Madden, Dept. of the ArmyCDR Matthew Martin, USNCDR Hal Murdock, USNCOL Robert Oliveras, USA; Lt Col Michael Panarisi, USAFLTC Patricia Quinn, USAMs. Shirley Rohnke, Defense Contract Management Agency; Ms. Beth Salamanca, US Agency for International Development; BRIG Alojz Steiner, Slovenian Armed Forces, "The Industrial College of the Armed Forces," http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA449542&Location=U2&doc=GetTRDoc.pdf)

Rare Earths. There are seventeen elements18 referred to as “Rare Earths.” Contrary to the inference, they are abundant in the earth’s crust, but not concentrated in any place. Rare earth elements possess very diverse properties including nuclear, metallurgical, chemical, catalytic, electrical, magnetic, and optical, making them highly desirable for high-tech applications found in both the private and public sectors.19 Unfortunately, extracting these elements from other materials is very expensive and time consuming (up to two years for some elements).20 Even so, small amounts of these materials have become indispensable for electronic applications. Defense applications include missile guidance systems, airplane cockpit displays, and phased array radar systems. Some rare earth elements are very useful for their magnetic and thermal properties and can be found at the leading edge of technology for miniature devices such as motors, ceramic devices, and power turbines.21 However, the majority of the world’s production (90 percent) is currently in China. The sole US extraction plant at Mountain Pass remains closed, but may resume operations in the near future.22 Once on-line however, US dependence on Chinese imports will continue. Research in the area of rare earths should continue with government sponsorship as they hold great promise in the solution to automobiles that are more efficient and faster, smaller, and higher performing electronics. The diversity of rare earth applications in private and defense sectors signifies their importance to US national security and economic growth. 

REEs key to US military power

Barry 10 (10-26-10, Jennifer, Market Oracle, "China's Rare Earth Metals Revenge, U.S. Military Vulnerable ," http://www.marketoracle.co.uk/Article23769.html)

Although the US is not a major manufacturer of high tech consumer products containing REEs, the military is dependent on them. As modern weapons from smart bombs to tanks require these metals, the ability of America to wage war depends on a steady supply of rare earths.   The US was not always dependent on the continued goodwill of foreign countries for critical materials. The National Stockpile was established after World War II to assure that essential elements would be available in case of an emergency. In the 1990s, the US Department of Defense (DOD) decided that 99% of the stockpile was “surplus” and the vast majority was sold.   Although China has dominated the rare earth market since the mid-1990s, the US government was unconcerned about Chinese control of these elements for many years. Only in April 2009, did the DOD and Congress finally place a freeze on the sale of some materials, and decide to conserve a minimum of a one year supply for others.   While the US House of Representatives has passed a bill to promote locating and exploiting rare earth resources, I wonder if this action is too little too late. Not only are these metals necessary for weapons, but for “green” technology that attempts to lessen dependence on foreign oil, supplied mostly by countries unfriendly to the US. While Mountain Pass mine in California was allowed to reopen and Congress may subsidize more rare earth resource development, it takes seven to 15 years to move from a promising deposit to a producing ore body. With inadequate domestic stockpiles, China could shut down America’s military offensives in a matter of months. 

*SemiConductors*

Xt: K2 Semiconductors

Semiconductors validate NEO mining

Zhou and Mardon 10 The University of British Columbia, Department of Civil Engineering, and Ph. D Antarctic Institute of Canada (No Date, Gordon Zhou, A. A. Mardon, “Space Mineral Resource Utilization”

In 2004, the world’s iron steel consumption exceeded 1 billion tons. [1] Spectroscopic studies suggest certain asteroids contain much needed material such as “nickel-iron metal, silicate minerals, semiconductor and platinum group metals, water, bituminous hydrocarbons, and trapped or frozen gases including carbon dioxide and ammonia.” [2] Platinum metals found in asteroid have significant richer grades (up to 20 times richer) as compared to levels found on Earth. [3] As a starting point to “asteroid colonization”, Near-Earth asteroids (NEA) orbiting Earth could potentially be the first locations to excavate asteroid mines. Like many space exploration missions, cost is a determining factor. Transportation alone imposes a cost of $10,000 per kilogram for the entire mission making it simply not profitable or attractive to potential investors. A potential near-instantaneous solution would be to develop an asteroid mining economy developing of a human-commercial market. It is suggested that this scenario will create the economical and technological opportunities not available today. Missions of that caliber would require the use of native material and energy on celestial objects to support future human and robotic explorations. The process of collecting and processing usable native material is known as In-situ resource utilization (ISRU). Currently, space travelling require missions to carry life necessities such as air, food, water and habitable volume and shielding needed to sustain crew trips from Earth to interplanetary destinations. [4] ISRU is a concept to increase the efficiency of space missions by reducing the amount of material brought from Earth. This is a difficult obstacle and ISRU researchers are striving to greatly reduce expenses by proposing technologies that will enable missions to be selfsufficient. In addition, mission consumable production, surface construction, manufacturing and repair with in-situ resources and space utilities and power from space resources are technological areas that would significant advanced through advanced research in ISRU. [5] NASA currently has centers directly involved in the research of ISRU technology. The cost/benefit ratio of such a technology is still a widely debated topic amongst the academic community. Conclusion: The horizon for this is not the current moment but resources are running out on Earth and companies and governments are looking at this. What needs to be done is a cost analysis of rare minerals that could be accessed eventually. Robotic surveys of the NEA would be the precursor to the development of in situ resources. Methods for comparing different asteroids based on trajectory and other criteria to maximize project economic feasibility needs to be further researched and explored.

Economy IL

Asteroid resources key to econ—their precious metals and semiconducting elements provide a more reliable source of raw materials 

Ross, ‘01 (Shane D., Assistant Professor of Dynamical Systems, PhD from Caltech in Engineering Science and Mechanics, “Near earth Asteroid Mining”, 12/14/01, http://76.75.200.144/settlement/asteroids/NearEarthAsteroidMining(Ross2001).pdf).

Many terrestrial resources, such as precious metals and fossil fuels, are running out. As new terrestrial sources are sought, materials are obtained at increasing economic and environmental cost. Society pays for this depletion of resources in thform of higher prices for manufactured goods, would-be technologies that are not developed for lack of raw materials, global and regional conﬂicts spurred by competition for remaining resources, and environmental damage caused by development of poorer and more problematic deposits. Utilization of asteroid resources may provide a partial solution to the problem, as they hold the potential for becoming the main sources of some metals and other materials. Precious metals and semiconducting elements in iron meteorites, which form the metallic cores of asteroids, are found in relatively large concentrations compared to Earth sources. In such sources, it may be possible to extract up to 187 parts per million (ppm) of precious metals, which includes Au, the Pt-group metals (Pt, Ru, Rh, Pd, Os, and It), Re, and Ge. More than 1000 ppm of other metals, semiconductors, and nonmetals may one day be extracted and imported by Earth from asteroids, such as Ag, In, Co, Ga, and As. 
Asteroid resources key to econ—open a huge potential market for asteroid-derived goods and materials

Sonter, ’98 (M.J., independent scientific consultant working in the Australian mining and metallurgical industries, providing advice on radiation protection, industrial hygiene, safety, and remediation of radioactively contaminated sites, PhD in medical physics, manager of uranium mining safety, visiting scholar at U Arizona, “The Technical and Economic Feasibility of Mining the Near-Earth Asteroids”, 10/2/98, http://www.spacefuture.com/archive/the_technical_and_economic_feasibility_of_mining_the_near_earth_asteriods.shtml)

Near-Earth Asteroids May Provide Resources for Future Markets. Some Near-Earth Asteroids (NEAs) oﬀer very promising targets as future ore bodies for in-space resources, for reasons of accessibility, ease of return, apparent variety of source materials, and probable ease of extraction of both metals and volatiles, both of which are likely to be in heavy demand during the development of large-scale space infrastructure. There may be a future market for asteroid-derived material. This market includes material delivered into low-earth-orbit (LEO) for sale to operators and constructors of LEO infrastructure such as space stations, 19exotic materials factories, orbital hotels and satellite solar power stations. Some asteroidal material may be able to be delivered into Earth orbit for a cost which is very much less than Earth-launch cost. Some candidate materials are water (for use to make propellant), nickel-iron grains (to make construction material sheets and beams), and semi-conductors such as silicon and germanium (to make solar cells). Due to diminishing terrestrial resources, a future terrestrial market for precious metals (platinum group metals and gold) may also exist, requiring delivery of asteroidal material to the surface of the Earth. Thus there will potentially exist a proﬁt-making opportunity for a resource developer who could develop a capability to recover space-based materials and return them for sale in LEO, to capture the developing in-orbit market at its inception. 

Hegemony IL
Semiconductor laser technology can jam infrared-guided munitions 

Keller 10, (John, Military and Aerospace Electronics [Mil. Aerosp. Electron.]. Vol. 21, no. 7, pp. 38-38. “Navy researchers look to Daylight Solutions to develop semiconductor laser technology to jam infrared-guided munitions” Jul 2010, http://md1.csa.com/partners/viewrecord.php?requester=gs&collection=TRD&recid=13779543MT&q=semiconductor+military&uid=790840155&setcookie=yes)

Navy researchers are asking Daylight Solutions to develop a compact laser to defeat guided munitions that employ scanning and focal- pia ne- array imaging sensors that operate in the infrared spectral bands - especially the atmospheric transmission bands at roughly 1-2, 3-5, and 8-12 microns that are designed to passively track targets, guide weapons, and negate the effectiveness of infrared countermeasures . 

*Iridium*

Iridium Low Now

Iridium is in high demand

LARKIN ‘11 (Nicholas, feb 21, “Iridium Climbs to Highest in at Least a Decade on Demand Growth” Bloomberg, http://www.bloomberg.com/news/2011-02-21/iridium-climbs-to-highest-in-at-least-a-decade-on-demand-growth.html) 

Iridium, used in spark plugs and for growing metal oxide crystals, climbed to the highest price in at least a decade as consumption increased. Iridium demand more than doubled last year to 204,000 ounces, with electrical and electrochemical industries accounting for about 74 percent of consumption, London-based researcher and trader Johnson Matthey Plc estimated in November. Based on today’s price, annual usage would be worth about $219.3 million. “It’s very much economic driven and it’s a very tight market,” Eugen Weinberg, head of commodity research with Commerzbank AG in Frankfurt, said today immediate delivery climbed $25, or 2.4 percent, to $1,075 an ounce by 5:05 p.m. in London, according to Johnson Matthey data on Bloomberg. That’s the highest price since at least January 2001. Iridium has jumped 38 percent this year after advancing 84 percent in 2010. “It’s definitely due to the high demand from the electronics and electrochemical industry,” Weinberg said. “There are always supply bottlenecks” because it is largely produced as a by-product of other metals, he said. Miners “cannot easily react to this price increase by raising production, it’s not so easy.” The International Monetary Fund on Jan. 25 increased its forecast for 2011 global economic growth to 4.4 percent, from 4.2 percent. Iridium’s gain this year has outperformed gold, silver, platinum and palladium. Rhodium, mainly used in auto catalysts, is up 1 percent and ruthenium, used for coating computer hard disks, is unchanged, Johnson Matthey data show.

Iridium demand is rapidly growing

WALLACE ’11 (Stuart, May 16,” Iridium Demand Jumps Fourfold on Electronics as Prices Surge” Bloomberg http://www.bloomberg.com/news/2011-05-16/iridium-demand-jumps-fourfold-on-electronics-as-prices-surge.html) Iridium consumption jumped fourfold last year, led by demand from makers of crucibles used to manufacture light-emitting diodes, driving an 84 percent gain in prices, Johnson Matthey Plc said. Total demand advanced to 334,000 ounces, from 81,000 ounces, with consumption in the electrical industry surging to 194,000 ounces from 7,000 ounces, the London-based company said in a report today. Prices for the platinum-group metal rose to $780 an ounce by the end of 2010, from $425 at the end of 2009, the company said. Iridium was at $1,050 today. “Iridium crucible manufacture expanded suddenly and rapidly during 2010,” Johnson Matthey said in the report. “The small size of the iridium market helped amplify movements in the price as industrial buyers built their stocks of working metal in response to technology changes.” This year’s percent gain in iridium prices outpaced the 5 percent rise in gold and the 11 percent advance in silver. Platinum is little changed, while palladium dropped 11 percent. Companies that mine iridium include Anglo American Platinum Ltd. and Lonmin Plc. 

Demand for Iridium is causing the cost to rise

HARVEY 11,(Jan, February 5  Reuters – for Commodities Now “Iridium set to scale new peaks after stellar 2010”, http://www.commodities-now.com/news/metals-and-mining/4924-iridium-set-to-scale-new-peaks-after-stellar-2010.html)
The cost of platinum group metal iridium may scale new multi-year peaks in 2011, with demand firm even after prices more than doubled in the last year, a senior executive at metals refiner Johnson Matthey said last Thursday. While considerably higher prices may damage demand, Peter Duncan, JM's general manager for market research, said a combination of new industrial uses for the metal and global economic recovery were likely to provide solid support. Duncan said iridium, which on Thursday rose to its highest price in at least 18 years at $865 an ounce, had been boosted by surging industrial appetite. "There is still strong demand at the current price level, which suggests it can go higher," he said. "Demand is real. It is not speculative, there is real industrial buying driving it." Iridium was one of the best-performing precious metals last year, with prices climbing more than 80 percent to $770 an ounce by the end of 2010 from $420 in December 2009. The silvery-white metal, which is four times less abundant than gold, is highly resistant to heat, making it ideal for use in high-temperature crucibles, and it has various applications in the chemical, electrical and electrochemical sectors. Johnson Matthew figures show consumption of the metal leapt to 204,000 ounces last year from 81,000 ounces a year before as new technologies and changing legislation fuelled demand. Duncan said the rising production of sapphire crystals for use in LEDs had added greatly to demand. "The explosion in demand for LEDs for backlit televisions and hand held devices has driven really strong demand for sapphire," said Duncan. "One of the methods of growing very pure sapphire is to cool the crystals from iridium crucibles." "That market exploded in the last year or so and continues to do so," he said, adding most of this activity was in Japan, as well as in the United States and increasingly China. This is adding some 50,000 ounces of demand a year, he said.

K2 Iridium

Asteroids contain Iridium-which is exceedingly rare on Earth

Cowing 01 Editor of space whistle-blower website NASA Watch, (2-23-01, Keith, “Impact Events: Ecology Meets Cosmology”

 http://www.spaceref.com/news/viewnews.html?id=289

According to Chris Chyba, "we now have evidence for an impact "trigger" - this raises some obvious questions". One question, according to Chyba has to do with the sort of impactor involved. The KT event is thought to have been caused by a C-type (carbonaceous chondrite) asteroid. Asteroids contain Iridium, an element that is exceedingly uncommon on Earth. Locating an Iridium layer among deposits that mark the KT event was key in helping determine that an extraterrestrial body was involved. Examination of the PT boundary (where the fullerenes were located) shows ten times less Iridium than is present in the KT boundary. As such, Chyba and others feel that the PT impactor was probably not an asteroid.

Asteroids contain Iridium three times the concentration of the earth’s crust

Alvarez and Alvarez 08 authors of upcoming Novel, (February, Luis and Walter, “IRIDESCENCE, A NOVEL IN PROGRESS”
 http://iridescence-novel.blogspot.com/2008/02/iridium.html)

Smaller bodies in space are friendlier to iridium. Chondritic meteorites and asteroids contain iridium at concentrations three orders of magnitude greater than the metal's concentration in the earth's crust. But not in one layer of clay, dated 65 million years ago. Relatively ample iridium in that layer accompanies other telltale constituents of the soil, especially granules of shocked quartz. Something big, something not native to this planet, struck earth those millions of years ago. Father and son, physicist and geologist, Luis and Walter Alvarez inferred that iridium anomalies bear indisputable witness to a bolide strike. Natural historians treat that extended moment as the boundary between the Cretaceous and Tertiary periods of geologic time. Ordinary people know the K-T boundary as the twilight of the dinosaurs.

Asteroids contain Iridium-Rock layer proves

Hall No date, (Prentice Pearson, “A Trip through Geologic Time”, Book, http://teachers.oakarts.org/~ekemper/FOV1-0001D3F3/S009518F3-009518FC.1/ES%2010-6%20Enrich.pdf)

About 65 million years ago, an asteroid about 10 kilometers in diameter collided with Earth. The impact had the force of millions of atomic bombs. Sediment and particles of the asteroid blasted into the atmosphere. The resulting dust cloud blocked the sun for months or longer. Plants and other organisms that performed photosynthesis died, and many animals that depended on those plants for food died, too. Blocking the sun also dropped Earth’s temperature, changing the climate. Animals that couldn’t adapt became extinct. Evidence for this theory includes the fossil record, which shows that many organisms died out suddenly at the end of the Cretaceous Period. Scientists have also discovered an impact crater in the Gulf of Mexico near Mexico’s Yucatán Peninsula. Other evidence includes a thin layer of rock around Earth that is enriched with the rare element iridium—a rock layer dated 65 million years old. Asteroids contain iridium.
*Platinum*

Ext: Platinum Low Now

The US depends on foreign countries for platinum

WHITE, 05 (Bill, October 24, staff writer, The Space Review, http://www.thespacereview.com/article/479/1)
The United States is heavily dependent on imports of platinum, with over 90% of its annual demand coming from overseas, primarily Russia and South Africa. The USGS also reports that terrestrial supply and terrestrial demand appear reasonably balanced, provided demand does not ratchet up sharply. As the recent price history of molybdenum proves ($4 to $70 per kilogram since 2002) price swings can be enormous if supply and demand are relatively inelastic. Given the extraordinary usefulness of PGM catalysts, discovery of a new killer application for PGMs will either cause prices to skyrocket or PGM scarcity will inhibit the deployment of promising new technologies, or both. Wingo’s book argues that hydrogen fuel cells are a leading example of a new application that would demonstrate that the Earth simply lacks sufficient PGMs to satisfy unexpected demand.

The platinum we have in above ground reserves is tight and declining

Penoir.com, 11/20/09, Fact site, http://www.penoir.com/platinum.htm

While new uses for platinum are being discovered almost daily, its supply is extremely restricted. Remarkable difficulties exist in its mining and production, with more than 130 metric tons of new platinum reaching the world market each year; that figure is less than 5% of gold production. All of the platinum ever mined would fill a room measuring less than twenty-five feet on a side. Refining the metal poses its own problems; platinum occurs naturally in combination with other metals, necessitating an intricate process that takes about six months. This problem is exacerbated by the limited sources of platinum production. The world's growing appetite for platinum is essentially satisfied by the mining activities in just two regions. The Bushveld Complex, which is just north of South Africa's capital, Pretoria, is one. The mines in this area produce more than two thirds of the platinum that reaches the markets each year. The other site is in the Noril'sk-Talnakh region in the extreme north of Siberia in Russia. It is estimated that at least one quarter of the world's supply is either currently mined here or is from above ground stocks that were accumulated over many years. Russia is the only nation with significant stocks of platinum and it is believed that these may be running out. Platinum's relative scarcity in the face of newly discovered and ever-increasing uses makes for an attractive 21st century investment. Platinum's historical price performance and its unique fundamentals are attracting an increasing number of informed investors. Precious metals have long been recognized for their tendency to appreciate when other financial instruments, like stocks and bonds are declining. But, savvy investors are not content with just "securing" their assets against inflation and other economic dangers. They also demand the opportunity for capital appreciation. Platinum's unique fundamentals offer investors both: The ability to hedge against uncertainty and the potential for profit. Platinum's supply/demand fundamentals are tight. In fact, according to some estimates, were platinum mining to cease today, above ground reserves would last less than two years. In contrast, gold reserves would last nearly one quarter of a century. Platinum's supply is tight even during periods of relatively normal mining production. Enough platinum was supplied to world markets last year only after Russia released considerable amounts of platinum from its shrinking above-ground reserves.

PGMs are increasing in applications for environment legislation and fuel cells

Moorthy, S. Narayana, 12/8/08,Global Mining Industry, http://www.everythingmining.com/PGM%20so%20special.htm

The mineral properties of precious and platinum group metals are unique and these characteristics figure in key applications. These find many applications in the automotive, jewelry, chemical, electronics, medical and glass sectors. The special properties are also exploited in the technological age and find increasing applications. Emerging technologies find many applications and will have an impact on the demand and supply as and when they become commercially significant. The dominance of passive capacitors and their role in miniature circuitry and the impact of environmental legislation and controls spreading to more and more countries are in this direction. The research and development of fuel cells as an alternative to fossil fuels is a pointer in this direction.


The demand for PGMs is increasing for catalytic converters from new environmental restrictions

Moorthy, S. Narayana, 12/8/08,Global Mining Industry, http://www.everythingmining.com/PGM%20so%20special.htm

Any commodity which has more demand than supply calls for attention. In the case of precious and pg metals, the demand has been consistently outstripping the supply over the past many years and the pointers are that this will continue to remain so. 1. The supply is limited to a few locations and countries. 2. Though extensive exploration and development work are in place, the physical supply position would improve only in a phased manner over the next few years. 3. The influencing factors. There is a mass awareness on environmental issues and emission controls in automobile industry are being strictly enforced in Europe, Japan and USA. More countries including India and China, South Korea etc., are already having an implementation plan in place. Apart from the automobiles coming out with standards strictly adhering to emission controls, the switch to diesel vehicles is on the increase. Catalytic converters in the automotive industry are one of the major applications for the platinum group metal and the demand is expected to grow further. Platinum is extensively used in the automotive sector for catalytic converters and with strict enforcement of pollution controls find increasing demand in this sector. 

The demand supply deficit for PGMs will continue with increasing applications in technology

Moorthy, S. Narayana, 12/8/08,Global Mining Industry, http://www.everythingmining.com/PGM%20so%20special.htm

The special properties of the group find place in very specialized applications using super alloys, very hard cutting tools, instrument pivots and high- tech electronics. All these applications emerging with new technologies grow with innovations. Though the industrial sector has been using platinum group metals to a large extent but in specialized applications, technology is bringing about a major shift in the demand of platinum group metals apart from the main key applications like automotive and jewelry sectors. Companies have taken these developments in their stride and extensive exploration programs are in place and some are in an advanced development stage. The production and supply schedules are already getting projected over the next 5 years and with the encouraging trend in the exploration programs the supply position is likely to improve further but with the applications also growing the demand supply deficit is likely to continue. The metals platinum, palladium, rhodium, iridium, ruthenium and osmium are grouped under pg metals. Though platinum, palladium and rhodium are the important members of the group, the other metals combine to enhance properties and find use in specialized applications. The group metals mostly show similarity in their outstanding catalytic properties, high melting point, hardness and resistance to corrosion, and some metals in the group possess specific properties that find specialized applications.

Ext: K2 Platinum

One asteroid could give us all the platinum metals we could need for centuries

Newstex, July 19, 2010, http://www.lexisnexis.com.proxy.uchicago.edu/hottopics/lnacademic/?

The platinum group metals are crucial to electronics, massively expensive, and extremely rare on this planet. But on asteroids? A single one holds billions of pounds of these metals - and that could start the era of private space exploration. Platinum is the most famously expensive of these metals - it's generally held up in the popular imagination as the one thing that's even more valuable than gold - but the rest of its group is equally rare and valuable. These metals - platinum, ruthenium, rhodium, palladium, osmium, and iridium - are super stable, nearly impervious to chemical attack, and deal well with high temperatures. These qualities make them perfect for use in electronics, but it takes thousands of dollars just to buy a few grams of the stuff. A big reason they're so rare is that they don't naturally occur on Earth, as they almost exclusively come from sites of asteroid impact. Of course, that opens up a rather interesting possibility - how much of these metals are contained in the asteroids that haven't hit Earth? Surveys of asteroids close to Earth reveal even moderate-sized ones - about 1,500 feet across - have billions of pounds of these metals, far more than we've mined in all of human history. A single asteroid could give us all the platinum group metals we could possibly need for centuries.
So how do we get the stuff? The basic technology is either already available or readily conceivable, and steroid mining has become a serious topic of discussion. Indeed, it could have far-reaching impacts for space exploration as a whole. The quest for super-cheap electronics and mining-based fortunes could spur a rush of private explorers into space in much the same way the lure of gold drove Americans westward in 1849. As crass as it might sound, the chance at some serious profit might be what finally pushes humanity into space once and for all.

**Solvency**
ANTS

Autonomy decreases costs, increases effectiveness and in the case of emergency allows for manual control 

Curtis  et al. 03 [Steven Curtis, NASA Goddard Space Flight Center and Project Scientist at NASA, M. L. Rilee, P.E. Clark, G. C. Marr, 2003, “USE OF SWARM INTELLIGENCE IN SPACECRAFT CONSTELLATIONS FOR THE RESOURCE EXPLORATION OF THE ASTEROID BELT”, Third International Workshop on Satelllite Constellations and Formation Flying]
For such advanced missions, a key theme in the long-term roadmap of NASA's Office for the Human Exploration and Development of Space (HEDS) is the close interaction of humans and robots to achieve mission goals. The HEDS roadmap foresees the synthesis of integrated human and robotic technologies enabling advanced missions that involve a continuous human presence beyond low Earth orbit. Robotic autonomy is an important component of the HEDS approach, both for health and safety of systems and subsystems, but also for the reliable interaction of human and robotic components (see Ref. [2] for the ANTS perspective). Multi-element missions must be no more difficult to operate than single-spacecraft missions are today. Furthermore, no cost-savings are to be gained by implementing human-based mission operations locally on deepspace missions. Hence, sub-system and component automation and autonomy enable missions. Furthermore, partial autonomy, in the sense of having an external (human) controller in the loop, gains little, for even small deviations from total autonomy will drive human interaction concerns and hence mission costs.

ANTS capable of space travel
Clark and Rilee 2004 ("BEES for ANTS: Space Mission Applications for the Autonomous NanoTechnology Swarm," http://ants.gsfc.nasa.gov/documents/istc2004%20ANTS%20Clarketal%20revised.pdf)

T HE Autonomous NanoTechnology Swarm (ANTS) is a mission architecture based on an ant colony analogue, as the name implies. [See official ANTS website http://ants.gsfc.nasa.gov.] Reconfigurable and transformable both individually and collectively, ANTS structures, mechanisms, and organization are designed to excel at survival and achievement of goals as discussed in references 1 and 2. As in living systems, major keys to success are the capabilities for mobility in a range of environments, in this case from space to rugged surface, and for effective gathering and management of energy and information resources in those environments. These capabilities are achieved by using autonomous, addressable, self-configuring nodes which form a reversibly deployable/stowable structural framework. The framework itself is the skeletal-muscular structure, consisting of tethers, struts, or shells. Individuals (systems or crafts) have common frameworks with common subsystems, as well as one of a small number of special function subsystems, such as a particular instrument, all deployed from nodes.  As in living systems, modularity, recapitulated at every organizational level, combined with the high degree of addressability and reversibility in each module, allow for operation and transformation of the structure in response to the movement or function required. Essentially, we have a biomechanical analogue3,4.  The simple tetrahedral structures based on ANTS architecture are capable of reconfiguration and are thus dynamic. This attribute clearly depends on the capability for reversible deployment of several or more structural elements from individual nodes. As the number of nodes, and the number of elements deployed per node, increases, more complex, continuous behavior emerges to allow major shifts in functionality to meet environmental demands (space to surface to underground) or human needs. In addition, a robust response to injury or environmental change is achievable, as in a biological system, through the built-in reversible behavior mechanisms at the nodes, allowing adapting to the injury by ‘limping’ while stored replacement nodes migrate to damage site to replace ‘broken’ components.  Addressable nodes create the capability for both (1) standalone autonomic operation as called for by environmental feedback within a subsystem or system, and (2) team collaborative operation requested as a result of higher level decision making by the CPU-enhanced heuristics onboard or externally by a human agent. The use of bilevel intelligence should allow full functioning in both autonomous routine (decentralized) and heuristic decision based (centralized) behavior. The basis for this intelligence is described elsewhere2,5-7.  
Only the Autonomous nature of ANTS can solve asteroid mining

Bohner Et al. 07 [Shawn Bohner is professor and director of software engineering at Rose-Hulman Institute of Technology, Ramya Ravichandar, James Arthur, 14 November 2007, “Model-based engineering for change-tolerant systems”, Innovations Syst Softw Eng, accessed via Mirlyn]

Certain classes of problems lend themselves to the use of collaborative agents. While DARPA explored them in large-scale logistics programs [29], others have looked at them in intelligent swarms for BioTracking, particle swarm optimization, unmanned underwater vehicles, and autonomous nanotechnology swarms (ANTS) [30]. In the National Aeronautics and Space Agency’s (NASA) ANTS project, a transport ship is launched from Earth to deploy hundreds of picoclass spacecraft that can collaboratively be used to explore asteroid belts. The small proﬁles of these spacecraft enable them to better avoid space debris and sustain longer missions in more hostile environments. Subswarms of these vehicles can be used to collect data on asteroids of interest, conveying the information back to Earth when some line of sight is available for transmission. Note that autonomous and collaborative tasking are necessary to carry out the mission since much of the work would be out of transmission range of the Earth and, even in cases where there would be line of sight, transmission over the very large distance would be too slow to respond to ongoing activities.

Ants have the capabilities collect resources from asteroids

NASA 11-10 (“Prospecting Asteroid Mission”, NASA.com, http://ants.gsfc.nasa.gov/proposed.html)

 An ANTS application for survey of large dynamic populations. 1000 spacecraft swarm travel to asteroid belt (1)  10 types of ‘specialists’ with common spacecraft bus (2)  10 subswarms, ~100 spacecraft each, ~10 each specialist  Asteroids not preselcted but ‘targets of opportunity’ (3)  Solar sail propulsion system requiring no expendables  Small nuclear batteries meet 100’s mWatt power requirement  Designs applicable to low G environments less than 3.5 AU  Primary objective is the exploration of the asteroid belt in search of resources and material with astrobiologically relevant origins and signatures (4)

ANTS Application: PAM, Prospecting Asteroid Mission

	Time Frame:
	2020-2025, MEMS-NEMS

	Environment:
	Space, Low G, Low density dynamic population

	Power:
	100 mWatt Battery Energy Source

	Material:
	1kg, 100 m2/kg

	Locomotion:
	Solar Sail

	Challenges:
	Rapid reconfiguability of sails and subsystems attitude control required for science operations for 10 dynamic objects simultaneously


Attitude Control: Using Sail or Surface Self-Configuration

Sail achieves dynamic attitude control through capability for dynamic change in its morphology, thus changes the effective area and distribution of solar reflectivity to change its acceleration and momentum vectors to achieve required orbit and orientation.

ANTS are awesome

Clark 04 [Pamela Clark, Catholic University researcher associated with Goddard Space Flight Center, “PAM: Biologically inspired Engineering and Exploration System Mission Concept, Components, and Requirements for asteroid population survey” http://sciencestage.com/d/13133771/asteroid-extinction-hypothesis..html
*PAM= Prospecting Asteroid Mission
The ANTS approach to exploration [1,2,3,4,5] discussed here is directly relevant to the NASA’s Exploration Initiative goals of robotic exploration of the solar system emphasizing origins, evolution, and fate (future) of the physical universe on scales ranging from planetary to cosmic [6,7]. The mission application, Prospecting Asteroid Mission, is directly in line with the new Initiative science agenda, which emphasizes with focus on exploring small bodies to search for evidence of life [6,7]. Study of the main asteroid belt, a dynamic small body population which includes the oldest remnants of the early solar system, will provide insight on origin and evolution of the solar system, the dynamic processes and components, physical, chemical, and biological, which shaped it.


The PAM concept would result in direct use of enabled technologies and further development of enabling technologies identified in the Initiative [6,7] as well: a) self-repairing autonomous systems and robotics, b) formation flying capability, including capability for responsive attitude control in close range, c) low-cost close-range communication and tracking capability, d) advanced power and propulsion, e) strong, durable, low areal density  structures, and f) low power and mass sensors. 
ANTS solve the affirmative

Clark 04 [Pamela Clark, Catholic University researcher associated with Goddard Space Flight Center, “PAM: Biologically inspired Engineering and Exploration System Mission Concept, Components, and Requirements for asteroid population survey” http://sciencestage.com/d/13133771/asteroid-extinction-hypothesis..html
The ANTS/PAM [1,2,3,4,5] calls for clusters of single sensor spacecraft, working individually or as teams, to meet these challenges (Table 3). In this way, individual instrument operational and overall science requirements can be met, and optimized, simultaneously, reducing the time required to obtain comprehensive observations as well as increasing the quality of those observations, for each target. ANTS SMART (Super Miniaturized Addressable Reconfigurable Technology) architecture was initiated at Goddard Space Flight Center (GSFC) to develop a new kind of structural material capable of changing its form to optimize its function, adapt to a new environmental demand, or repair itself (4,5). The basic unit of the structure is a tetrahedron consisting of nodes interconnected with struts that can be reversibly deployed or stowed. 3D networks are formed from interconnecting reconfigurable tetrahedra, making structures which are scalable, massively parallel system that can be fabricated presently using macroscopic electromechanical systems (EMS)-ART, and in the future Micro-EMS (MEMS)-MART or nano-EMS (NEMS)-SMART (with areal densities of 100, 5, and 1 g/cm2, respectively) as enabled by technology advancement. This highly integrated 3-dimensional mesh of actuators and structural elements is composed of nodes that are addressable as are pixels in an LCD screen. The full functionality of such a system requires fully autonomous operation, and will ultimately be realized through a neural basis function (NBF) which possesses bilevel intelligence at every level, from subsystem to swarm. Such capability allows both autonomic operation at the actuator level in response to an environment demand and heuristic operation for decision making among various options or in response to an external request. The ANTS architecture for PAM will be discussed here. The NBF is under development and will be discussed elsewhere (9) at this meeting.

Tech timeframe is 2024

Clark 04 [Pamela Clark, Catholic University researcher associated with Goddard Space Flight Center, “PAM: Biologically inspired Engineering and Exploration System Mission Concept, Components, and Requirements for asteroid population survey” http://sciencestage.com/d/13133771/asteroid-extinction-hypothesis..html
The PAM application, summarized in Table 4, requires MART to SMART level application of the ANTS architecture, which should be available in about two decades, in keeping with long-term Exploration Initiative plan for robotic exploration of the next target, mainbelt asteroids, beyond Mars.

ANTS solve asteroid mining

Clark 04 [Pamela Clark, Catholic University researcher associated with Goddard Space Flight Center, “PAM: Biologically inspired Engineering and Exploration System Mission Concept, Components, and Requirements for asteroid population survey” http://sciencestage.com/d/13133771/asteroid-extinction-hypothesis..html
Whereas the traditional missions excel at exploring larger asteroids sequentially, the PAM concept is designed for the systematic studying of an entire population of objects [1,2,3,4,5]. The ANTS approach involves the use not of a smart spacecraft with ‘drones’, but of a totally autonomous truly distributed intelligent network of sensors, or sciencecraft, with solar sails for propulsion, and thus minimal requirement for expendables (Figure 1) (See also ANTS: The Movie at the official ANTS website [1]). Sciencecraft each have specialized instrument capability (e.g., advanced computing, imaging, spectrometry, etc.) and heuristic systems that are both adaptable and evolvable.  Subswarms of sciencecraft can operate autonomously, allowing the optimal gathering of complimentary measurements for selected targets.  Many subswarms would operate simultaneously within a broadly defined framework of goals to select targets from among available candidate asteroids.
ANTS solve and are less expensive than alternatives

Clark et al. 02 [P.E. Clark, Catholic University of America, Physics Department, S. Curtis, M. Rilee, W. Truszkowski, and G. Marr, “ANTS: Exploring the Solar System with an Autonomous Nanotechnology Swarm.”, Lunar and Planetary Science http://www.lpi.usra.edu/meetings/lpsc2002/pdf/1394.pdf]
ANTS (Autonomous Nano-Technology Swarm), a NASA advanced mission concept, calls for a large (1000 member) swarm of pico-class (1 kg) totally autonomous spacecraft to prospect the asteroid belt [1]. As the capacity and complexity of hardware and software, and the sophistication of technical and scientific goals have increased, greater cost constraints have led to fewer resources and thus, the need to operate spacecraft with less frequent contact. At present, autonomous operation of spacecraft systems allows great capability of spacecraft to ‘safe’ themselves and survive when conditions threaten spacecraft safety. To further develop spacecraft capability, NASA is at the forefront of Intelligent Software Agent (ISA) research, performing experiments in space and on the ground to advance deliberative and collaborative autonomous control techniques. Selected missions in current planning stages require small groups of spacecraft weighing tens, instead of hundreds, of kilograms to cooperate at a tactical level to select and schedule measurements to be made by appropriate instruments onboard. Such missions will be characterizing rapidly unfolding real-time events on a routine basis. The next level of development, which we are considering here, is in the use of ISAs at the strategic level, to explore the final, remote frontiers of the solar system, potentially involving a large number of objects. Such missions will allow only infrequent contact possible, due to limitations in near−Earth and human resources. The most obvious candidates for these missions are mainbelt asteroids, a population consisting of more than a million small bodies. Although a large fraction of solar system objects are asteroids, relatively little data [2] is available for them because the vast majority of them are too small to be observed for more than single point measurements except in close proximity. Orbit determination has been done for approximately 50,000 MBAs, light curves are available for approximately 5,000, and IR and/or visible spectra for perhaps two to three thousand. Detailed shape models on the other hand are available for approximately ten, provided by a combination of spacecraft, Space Telescope, or Earth−based radar observations. Asteroids originated in the transitional region between the inner (rocky) and outer (solidified gases) solar system. Many have remained largely unmodified since formation, and thus have a more primitive composition which includes higher abundances of siderophile (metallic iron-associated) elements and volatiles than other planetary surfaces. Determination of the systematic distribution of physical and compositional properties within the asteroid population is crucial in the understanding of the solar system formation. In addition, there has been interest in asteroids as sources of exploitable resources. Far more reconnaissance is required before such a program is undertaken. 

ANTS are a precursor to any other type of mining

Curtis  et al. 03 [Steven Curtis, NASA Goddard Space Flight Center and Project Scientist at NASA, M. L. Rilee, P.E. Clark, G. C. Marr, 2003, “USE OF SWARM INTELLIGENCE IN SPACECRAFT CONSTELLATIONS FOR THE RESOURCE EXPLORATION OF THE ASTEROID BELT”, Third International Workshop on Satelllite Constellations and Formation Flying]
The first two drivers for PAM formation flying involve teams and the more tightly coupled `virtual science instrument’ concepts. Although individual ANTS spacecraft can be flown to optimize their observing capabilities, they can also, using built in reactivity and responsecapability, acquire simultaneous coverage of the same target, thus providing a comprehensive measurement set required to solve a particular scientific problem. Identical sensor or multiple sensor 'virtual science' teams could be formed. These teams would be chosen to achieve mission goals and their structure is thus determined by the mission science requirements. Particularly useful teams, and the approximate order of their deployment during science operations, are: 1) Asteroid Detector/StereoMapper consisting of two wide field imaging spectrometers with enhanced navigational (location and pointing awareness) capability separated by distances varying from hundreds of kilometers to kilometers which would be used to detect and determine the orbit of potential targets at a distance, or move to within kilometers of a target to obtain astronomical classification, rough shape, and dynamic properties of more likely candidates for detailed studies. These are the 'point men'. 2) Dynamic Modeler consisting of an enhanced radio science instrument, altimeter, and wide field imager separated by tens of kilometers to kilometers which would be used to acquire detailed figure parameters (including shape model) and dynamic properties (spin, density, mass distribution). 3) Petrologist consisting of X-ray, Near Infrared, Gamma-ray, Thermal IR, and wide field imager separated by tens of kilometers to kilometers which would be used to determine the abundances and distribution of elements, minerals, and rocks present, from which the nature of geochemical differentiation, origin, and history of the object, and its relationship to a 'parent body' could be inferred. 4) Photogeologist consisting of Narrow Field and Wide Field Imagers and Altimeter separated by tens of kilometers to kilometers which would be used to determine the nature and distribution of geological units based on texture, albedo, color, and apparent stratigraphy as expressed on the surface, from which the nature of the dynamic history and origin of the object could be inferred. 5) Prospector consisting of altimeter, magnetometer, Near Infrared, Infrared, and X-ray spectrometers separated by tens of kilometers to kilometers which could be used to determine the distribution of 'resources', including Fe/Ni and volatiles on pre-selected candidates for 'mining'.

ANTS is key to future mining operations

Sterritt 11 [Roy Sterritt, University of Ulster, January 2011, “Apoptotic Computing: Programmed Death by Default for ComputerBased Systems”, IEEE Computer Society, http://eprints.ulster.ac.uk/16690/1/r1ster4.pdf]

The Autonomous NanoTechnology Swarm mission (http://ants.gsfc.nasa.gov), a collaboration between NASA’s Goddard Space Flight Center and its Langley Research Center, exploits swarm technologies and AI techniques to develop revolutionary architectures for both spacecraft and surface-based rovers. ANTS consists of several submissions • The Saturn Autonomous Ring Array consists of a swarm of 1,000 pico-class spacecraft, organized as 10 subswarms with specialized instruments, to perform in situ exploration of Saturn’s rings to better understand their constitution and how they were formed. SARA will require self-configuring structures for nuclear propulsion and control as well as autonomous operation for both maneuvering around Saturn’s rings and collision avoidance. • The Prospecting Asteroid Mission (PAM) also involves 1,000 pico-class spacecraft but with the aim of exploring the asteroid belt and collecting data on particular asteroids of interest for potential future mining operations. 

ANTS solve future exploration and colonization of space

Curtis  et al. 03 [Steven Curtis, NASA Goddard Space Flight Center and Project Scientist at NASA, M. L. Rilee, P.E. Clark, G. C. Marr, 2003, “USE OF SWARM INTELLIGENCE IN SPACECRAFT CONSTELLATIONS FOR THE RESOURCE EXPLORATION OF THE ASTEROID BELT”, Third International Workshop on Satelllite Constellations and Formation Flying]
The Main Belt of Asteroids between the orbits of Mars and Jupiter represents the last great accessible surface to be explored within the orbit of Pluto. The mass of the thousands of objects in the Main Belt is perhaps a fraction of that of Mars, but their combined surface area may dwarf that of the Earth. The outer reaches of the Belt are rich in frozen volatiles including water and other ices. The inner reaches are more refractory. Some asteroids are largely the metallic shards from the cores of larger differentiated bodies that have since been destroyed by collisions with other asteroids. There has been much interest in the exploration and development of asteroids as a resource enabling the continuous human presence in space. Interest driven partly because, compared to other planetary objects, asteroids have weak, but irregular, gravity and a wide variety of resources.

The Prospecting ANTS Mission (PAM) is an advanced mission concept for the 2020s that seeks to perform a first general exploration of the belt to survey and map the surface characteristics and other properties of the Main Belt (Ref. [1], ANTS will be discussed below). Within the time frame of a single mission (5-10 years), thousands of asteroids are to be visited to provide an extensive sample of what exists in the Main Belt. With a goal of characterizing in detail at least one thousand asteroids a year, PAM forces us to reconsider our fundamental approaches to mission implementation. However, the rewards for taking up this challenge are great. The atlas of surface and internal properties that PAM produces will be critical for the future exploration and development of Main Belt resources.

Autonomy decreases costs, increases effectiveness and in the case of emergency allows for manual control 

Curtis  et al. 03 [Steven Curtis, NASA Goddard Space Flight Center and Project Scientist at NASA, M. L. Rilee, P.E. Clark, G. C. Marr, 2003, “USE OF SWARM INTELLIGENCE IN SPACECRAFT CONSTELLATIONS FOR THE RESOURCE EXPLORATION OF THE ASTEROID BELT”, Third International Workshop on Satelllite Constellations and Formation Flying]
For such advanced missions, a key theme in the long-term roadmap of NASA's Office for the Human Exploration and Development of Space (HEDS) is the close interaction of humans and robots to achieve mission goals. The HEDS roadmap foresees the synthesis of integrated human and robotic technologies enabling advanced missions that involve a continuous human presence beyond low Earth orbit. Robotic autonomy is an important component of the HEDS approach, both for health and safety of systems and subsystems, but also for the reliable interaction of human and robotic components (see Ref. [2] for the ANTS perspective). Multi-element missions must be no more difficult to operate than single-spacecraft missions are today. Furthermore, no cost-savings are to be gained by implementing human-based mission operations locally on deepspace missions. Hence, sub-system and component automation and autonomy enable missions. Furthermore, partial autonomy, in the sense of having an external (human) controller in the loop, gains little, for even small deviations from total autonomy will drive human interaction concerns and hence mission costs.

Only the Autonomous nature of ANTS can solve asteroid mining

Bohner Et al. 07 [Shawn Bohner is professor and director of software engineering at Rose-Hulman Institute of Technology, Ramya Ravichandar, James Arthur, 14 November 2007, “Model-based engineering for change-tolerant systems”, Innovations Syst Softw Eng, accessed via Mirlyn]

Certain classes of problems lend themselves to the use of collaborative agents. While DARPA explored them in large-scale logistics programs [29], others have looked at them in intelligent swarms for BioTracking, particle swarm optimization, unmanned underwater vehicles, and autonomous nanotechnology swarms (ANTS) [30]. In the National Aeronautics and Space Agency’s (NASA) ANTS project, a transport ship is launched from Earth to deploy hundreds of picoclass spacecraft that can collaboratively be used to explore asteroid belts. The small proﬁles of these spacecraft enable them to better avoid space debris and sustain longer missions in more hostile environments. Subswarms of these vehicles can be used to collect data on asteroids of interest, conveying the information back to Earth when some line of sight is available for transmission. Note that autonomous and collaborative tasking are necessary to carry out the mission since much of the work would be out of transmission range of the Earth and, even in cases where there would be line of sight, transmission over the very large distance would be too slow to respond to ongoing activities. 

**A2: Privatization CP **
STS best way to mine asteroids, and it can only be done with the federal government

Dts.mil 90 (1/02/90, dts.mil, “On  Space Warfare: Military  Strategy For Space  Operations,” http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA215911&Location=U2&doc=GetTRDoc.pdf)

The possibility of supplying terrestrial needs for natural resources or energy (for example, solar power satellites) brings into consideration the profit-making potential of space. Commercial operations in space could be controlled by either private enterprise or the government. The Space Transportation System (STS), despite its doubtful profitability, has at least set the precedent for a government-owned, profit-seeking operation in space. In planning development of space forces, the development of profit-making government operations as a means of defraying costs deserves serious consideration. It is an idea that could prove to be very popular with taxpayers. Space resources and commercial operations in space (whether owned by government or private enterprise) are likely to generate competition and a potential for conflict. Both strategists and developmental planners should take this conflict potential into account. It can be expected to affect the planned structure, deployment, and possible uses for space forces.

AT: CHINA DA
Chinese economy resilient despite slowdown

Yao 11 (6-23-11, Kevin, Reuters, http://www.reuters.com/article/2011/06/23/uk-china-economy-growth-idUSTRE75M1AU20110623)

(Reuters) - China's growth is slowing under the weight of Beijing's anti-inflation campaign and weaker global demand, but any investors betting on a hard landing would be underestimating the resilience of the world's second-largest economy. China's relentless urbanisation continue to drive expansion even as Beijing seeks to check unfettered investment by growth-obsessed local authorities, while stronger domestic consumption is providing a firmer cushion against external shocks. China bears may have been emboldened on Thursday by a purchasing managers' survey showing growth in the factory sector nearly stalled in June as new export orders fell. But sceptics who are expecting an abrupt economic slowdown may have miscalculated Beijing's resolve to act quickly if needed to revive growth, especially if inflation eases later this year as expected, reducing the need for fresh monetary tightening measures, analysts say. "The economy is set up for growth. You've still got urbanisation and industrialisation to come and all the incentives at local government levels are still to do with encouraging growth," said Stephen Green, an economist at Standard Chartered Bank in Hong Kong. "People always over-worry about a China hard landing. Clearly there are a lot of problems with the economy but people may underestimate the government's ability to muddle through." 

Shits resilient, yo

Reuters 11 [Kevin Yao, Reuters, “Analysis: China economy resilient, for now”, Thursday Jun 23, http://news.yahoo.com/s/nm/20110623/ts_nm/us_china_economy_growth_2]
China's relentless urbanization continue to drive expansion even as Beijing seeks to check unfettered investment by growth-obsessed local authorities, while stronger domestic consumption is providing a firmer cushion against external shocks. China bears may have been emboldened on Thursday by a purchasing managers' survey showing growth in the factory sector nearly stalled in June as new export orders fell. But skeptics who are expecting an abrupt economic slowdown may have miscalculated Beijing's resolve to act quickly if needed to revive growth, especially if inflation eases later this year as expected, reducing the need for fresh monetary tightening measures, analysts say. "The economy is set up for growth. You've still got urbanization and industrialization to come and all the incentives at local government levels are still to do with encouraging growth," said Stephen Green, an economist at Standard Chartered Bank in Hong Kong. "People always over-worry about a China hard landing. Clearly there are a lot of problems with the economy but people may underestimate the government's ability to muddle through." Green expects some policy relaxation later this year as price pressures start to moderate. NO HARD LANDING? Global investors are unnerved by any sign of a slowdown in China, a key global growth engine, even as the U.S. economic recovery loses momentum and Europe struggles with a sovereign debt crisis. An abrupt slowdown in China could hammer international financial markets and stifle demand for commodities from iron ore to soybeans. The economy has expanded at an average annual pace of 10 percent in the past three decades. Fears of a hard landing have gained traction as a recent stream of data showed the turbo-charged economy is cooling, but for now China shows no signs of following the West with growth levels falling well below long-term trends. Indeed, most market watchers typically define a hard landing in the Chinese context as a sudden dip in quarterly GDP growth below 8 percent, a level advanced economies can only dream about. The 8 percent threshold is, more importantly, a political line in the sand for Beijing, which it deems to be the minimum level needed to create enough jobs to ensure social stability. The last time the economy showed signs of a sudden slump, during the depths of the global financial crisis in late 2008, Beijing announced a 4 trillion yuan ($600 billion) stimulus plan, quickly returning to double-digit growth.

Not even kidding, econ is resilient

Reuters 11 [Kevin Yao, Reuters, “Analysis: China economy resilient, for now”, Thursday Jun 23, http://news.yahoo.com/s/nm/20110623/ts_nm/us_china_economy_growth_2]
"Should the threat of a hard landing emerge, we would expect fiscal stimulus to come to the rescue, instead of monetary easing. Providing funding to policy housing and speeding up infrastructure projects would be the easy options," he said. China has already announced an ambitious plan to start building and upgrading 36 million affordable homes between 2011-2015, with 10 million to be completed this year, to quell growing public discontent over rapidly rising house prices. Many economists, while trimming their growth forecasts for China, don't believe the current slowdown will amount to a slump akin to that during the global financial crisis. Most still expect GDP growth of more than 9 percent in the second quarter from a year earlier compared with 9.7 percent in the first quarter, with full-year growth seen at about 9 percent. "I'm not worried about the risk of a hard landing in China. It's a low-probability event this year and next year," said Gao Shanwen, chief economist at China Essence Securities in Beijing. After all, a gentle easing in growth is exactly what Beijing wants and is in line with its policy to priorities' efforts to cool inflation. "The slowdown is essentially part of the deal. you need to a slowdown to reduce excesses and control inflation," said Kevin Lai, economist at Daiwa Global Markets in Hong Kong. OVERHAUL U.S. economist Nouriel Roubini, who foresaw America's housing crisis, said China faces a "meaningful probability" of a hard landing after 2013, mainly due to over-investment. Roubini said investment was already 50 percent of China's GDP and that 60 years of data had shown that over-investment led to hard landings, citing the Soviet Union in the 1960s and 70s, and East Asia before the 1997 financial crisis. China does face a host of risks, including a property bubble, mounting local government debt and potential rises in bad loans. But there is little sign they would explode soon. China has in the past repeatedly defied predictions of a crash. "Typically, they grow out of them -- they make good loans, the good loans finance the bad loans and eventually they write off the bad loans," said Tim Condon, head of Asia research at ING. Andy Xie, an independent economist, argues for a soft landing in China, noting Chinese households are not highly indebted and most bank loans have been channeled to government projects. "When a borrower is in technical default, it usually doesn't lead to asset seizure followed by liquidation, which is the cause of a hard landing," he wrote in an article. "Instead, in the Chinese context, both lender and borrower are usually government owned. Debt rescheduling is almost automatic. Hence, as long as money supply grows, it will be spent and translate into demand." 

Chinese economy resilient

Arab News.com 6/26/11 [Arab News.com, 26 June, 2011, “Chinese economy resilient, no hard landing in sight for now”, http://www.mubasher.info/portal/TDWL/getDetailsStory.html?storyId=1895594&goToHomePageParam=true&siteLanguage=en]

China’s growth is slowing under the weight of Beijing’s anti-inflation campaign and weaker global demand, but any investors betting on a hard landing would be underestimating the resilience of the world’s second-largest economy. China’s relentless urbanization continue to drive expansion even as Beijing seeks to check unfettered investment by growth-obsessed local authorities, while stronger domestic consumption is providing a firmer cushion against external shocks. China bears may have been emboldened on Thursday by a purchasing managers’ survey showing growth in the factory sector nearly stalled in June as new export orders fell. But skeptics who are expecting an abrupt economic slowdown may have miscalculated Beijing’s resolve to act quickly if needed to revive growth, especially if inflation eases later this year as expected, reducing the need for fresh monetary tightening measures, analysts say. “The economy is set up for growth. You’ve still got urbanization and industrialization to come and all the incentives at local government levels are still to do with encouraging growth,” said Stephen Green, an economist at Standard Chartered Bank in Hong Kong. “People always over-worry about a China hard landing. Clearly there are a lot of problems with the economy but people may underestimate the government’s ability to muddle through.” Green expects some policy relaxation later this year as price pressures start to moderate. Global investors are unnerved by any sign of a slowdown in China, a key global growth engine, even as the US economic recovery loses momentum and Europe struggles with a sovereign debt crisis. An abrupt slowdown in China could hammer international financial markets and stifle demand for commodities from iron ore to soybeans. The economy has expanded at an average annual pace of 10 percent in the past three decades. Fears of a hard landing have gained traction as a recent stream of data showed the turbo-charged economy is cooling, but for now China shows no signs of following the West with growth levels falling well below long-term trends. Indeed, most market watchers typically define a hard landing in the Chinese context as a sudden dip in quarterly GDP growth below 8 percent, a level advanced economies can only dream about. The 8 percent threshold is, more importantly, a political line in the sand for Beijing, which it deems to be the minimum level needed to create enough jobs to ensure social stability. The last time the economy showed signs of a sudden slump, during the depths of the global financial crisis in late 2008, Beijing announced a 4 trillion yuan ($600 billion) stimulus plan, quickly returning to double-digit growth.

Chinese economy is here to stay

Arab News.com 6/26/11 [Arab News.com, 26 June, 2011, “Chinese economy resilient, no hard landing in sight for now”, http://www.mubasher.info/portal/TDWL/getDetailsStory.html?storyId=1895594&goToHomePageParam=true&siteLanguage=en]

Dong Tao, an economist at Credit Suisse, believes the central bank will not rush to relax policy for fear of fueling further property price rises, but said the government will unleash its spending power to prevent growth from slowing too much. “Should the threat of a hard landing emerge, we would expect fiscal stimulus to come to the rescue, instead of monetary easing. Providing funding to policy housing and speeding up infrastructure projects would be the easy options,” he said. China has already announced an ambitious plan to start building and upgrading 36 million affordable homes between 2011-2015, with 10 million to be completed this year, to quell growing public discontent over rapidly rising house prices. Many economists, while trimming their growth forecasts for China, don’t believe the current slowdown will amount to a slump akin to that during the global financial crisis. Most still expect GDP growth of more than 9 percent in the second quarter from a year earlier compared with 9.7 percent in the first quarter, with full-year growth seen at about nine percent. “I’m not worried about the risk of a hard landing in China. It’s a low-probability event this year and next year,” said Gao Shanwen, chief economist at China Essence Securities in Beijing. After all, a gentle easing in growth is exactly what Beijing wants and is in line with its policy to prioritise efforts to cool inflation. “The slowdown is essentially part of the deal. you need to a slowdown to reduce excesses and control inflation,” said Kevin Lai, economist at Daiwa Global Markets in Hong Kong. US economist Nouriel Roubini, who foresaw America’s housing crisis, said China faces a “meaningful probability” of a hard landing after 2013, mainly due to over-investment. Roubini said investment was already 50 percent of China’s GDP and that 60 years of data had shown that over-investment led to hard landings, citing the Soviet Union in the 1960s and 70s, and East Asia before the 1997 financial crisis. China remains resilient despite slow growth weighed down by Beijing’s anti-inflation drive and low global demand. Urbanization continues and stronger domestic consumption is providing support. Thursday’s factory sector strength showed emboldened China bears. Cynics who foresee a sudden economic slowdown may have underestimated Beijing’s quick reaction in reviving growth in case needed. Inflation is seen to ease later this year which lessens new monetary tightening measure requirements, said analysts. Economist Stephen Green expects policy to relax as price pressures become restrained. International financial markets and commodities demand may be hurt should China slowdown but global investors remain unnerved. The Chinese economy grew at an average yearly rate of 10% for the last 30 years. Fears that China’s economy is weaning increased due to weak data but for now, the world’s 2nd largest economy indicates resilience. To market watchers, hard landing in China’s term is dip in quarterly GDP growth below 8% – the threshold needed to create enough jobs that would guarantee social stability. During the 2008 global financial crisis that threatened a slump, Beijing announced a 4 trillion yuan ($600 billion) stimulus plan. Double-digit growth quickly resumed. Economists said it caused inflation and uncontrolled lending and property bubbles that imbalanced the economy further and is now weak against a current ‘soft patch’. In case of 6% inflation in June or July, policymakers may again consider stimulus to be controlled in the 2nd half of 2011. Economist Dong Tao said should hard landing threaten, expect fiscal stimulus rescue instead of monetary easing. Providing funding to policy housing and speeding up infrastructure projects would be the easy options, he said. China said it plans to build and upgrade 36 million cheap homes between now and 2015. Most economists remain positive and expect a 2nd quarter GDP growth of over 9%, same percentage for full-year. Beijing is really aiming for gentle growth easing and economist Kevin Lai said the slowdown is essentially part of the deal to reduce excesses and control inflation. U.S. economist Nouriel Roubini said because of over-investment, after 2013, China may deal with a meaningful probability of a hard landing. Investment is already 50% of China’s GDP. Despite risks, there is no indication that China will explode. The country has managed to avoid crash predictions. ING’s Asia research head Tim Condon said China typically grows out of them, making good loans, the good loans finance the bad loans and eventually they write off the bad loans. Economist Andy Xie argued that there are no debt issues for Chinese households and most bank loans went to government projects. He said when a borrower is in technical default, it usually doesn’t lead to asset seizure followed by liquidation, which is the cause of a hard landing. Usually, the government owns both lender and borrower and debt rescheduling is almost automatic. While money supply grows, it will be spent and turned into demand, added Xie. Still, analysts say China has to reduce its dependence on investment and exports and opt for financial reorganization to avoid risks.

Alt Causes

Tons o’ alt causes

Rein 11 [Shaun Rein, Shaun Rein is the founder and managing director of the China Market Research Group, a strategic market intelligence firm, January 5, 2011, “Three Big Risks to China's Economy In 2011”, http://www.forbes.com/2011/01/05/china-economy-corruption-leadership-citizenship-rein_2.html]

Despite the optimism and can-do attitude of China's leaders, they have some big problems to address in 2011 if they want to maintain high levels of public support and preserve their nation's place as the world's second superpower. First, rising inflation is a serious problem, as I mentioned to Martin Soong on a recent CNBC Squawk Box appearance. Even though official inflation was 5.1% in November, every day the Chinese feel much more of a squeeze than that number indicates, as prices of cooking oil, eggs and apples have all risen 10% to 20% in the last six months. Don't expect inflation to ease anytime soon. Increased costs are systemic and not due to speculators or bad weather. The soaring cost of labor is one cause. Salaries rose 20% this year for companies like Foxconn, the electronics manufacturer that makes most of Apple ( AAPL - news - people )'s products, and at Toyota ( TM - news - people ). Many companies, including Nike ( NKE - news - people ) and Adidas ( ADDDY.PK - news - people ), are already shifting to lower-cost production centers like Indonesia. Real estate costs are squeezing profit margins enough that companies are starting to transfer increased costs to consumers. Starbucks ( SBUX - news - people ) and McDonald's ( MCD - news - people ) are raising prices for the first time in several years. Expect the government to continue to boost reserve ratios for banks and to hike interest rates several times over the next six months, in an effort to taper inflation. Because of worries about the faltering American economy and the Eurozone, the government won't put the brakes on too much. Second, there simply is not enough low-cost, clean and comfortable housing for ordinary citizens. Over the last decade, far too many developers have focused on luxury construction, since that's where the fattest margins lie. Aside from product safety, lack of affordable housing was the biggest concern consumers mentioned in 2,000 interviews my firm, the China Market Research Group, conducted in eight cities across the country. Expect the government to continue to force developers to build smaller units and to raise taxes on larger units the way the government taxes luxury cars like Ferraris and Bentleys. Finally, trade tensions between China and the U.S. continue to rise, which does not help the job situation for anyone. This is what happens when a superpower, the U.S., suffers from terrible unemployment and gets worried that it is losing influence in the world. Americans are looking for scapegoats, rather than scrutinizing their own faulty laws and economic structures. Example: New York Times economist Paul Krugman and U.S. Sen. Charles Schumer pointing accusatory fingers at China. The same thing happened during the period leading up to World War II.

CNBC 6-27-11 (CNBC.com, "China’s Debt Situation Not Far Off From Greece: Analyst," http://www.cnbc.com/id/43543934)
Jim Antos, bank analyst at Mizuho Securities Asia, says on a scale of 1 to 10 with Greece being a 10 in terms of severity, China is an 8.  “I'm negative on the Chinese banks; on this off-balance sheet lending, very few facts and a lot of fear,” he told CNBC on Monday. The volume of Chinese bank loans has doubled from December 2007 to May 2011, which Antos describes as a “textbook example of a credit bubble.” While he acknowledged that the country's loan growth rate has been halved to 15 percent over the last 2 years, the amount of lending extended during that time still concerns him. Chinese bank loans stood at $6,500 per capita in 2010 compared to gross domestic product (GDP) per capita of $4,400, a position Antos says is "unsustainable". "You've got a tremendous overhang though of the excesses that were booked in the last 2 years on the balance sheet. When they mature over the next 2, 3 years, if we don't get a credit shock, that will be very surprising," he said. Antos warns China's non-performing loans (NPL), which currently stands at 1 percent of total loans, are set to increase. "Some very serious analysts estimate that this could increase to 6 percent of loans, 10 percent of loans, and even 15 percentof loans within a few year's time. While these estimates are all exaggerated and unrealistic, we will definitely be seeing a slow creep up of problem loans in the sector over the next few years.” “NPLs could certainly double in the next 3 years," he added. "Something is going to hit the fan, it's not going to hit the fan this year. It's going to hit the fan starting 2, 3 years from now." Still Not Well-Capitalized While Antos believes Chinese banks' core capital ratios were not far off from the recently increased capital required from global banking regululators, he still thinks mainland lenders do not have enough capital for the amount of risk they have on their books. David Marshall, Senior Analyst, Asia-Pacific Financials CreditSights, says although loan growth is easing, China’s booming economic growth has resulted in Chinese banks struggling to generate enough capital to maintain the required capital adequacy. Like Antos, Marshall sees credit quality hurting the sector. "We think the banks are going to suffer losses on their local government lending, the real estate lending because you've had the credit boom and now liquidity conditions are tighter, asset markets are not so favorable. I'm sure some bad loans will come out of that," he said. 

China’s economy reliant upon the US

Shilling 6-27-11 – president of an economic consulting firm in Springfield (A. Gary, "Why China’s Heading for a Hard Landing, Part 1: A. Gary Shilling," http://www.bloomberg.com/news/2011-06-27/why-china-s-heading-for-a-hard-landing-part-1-a-gary-shilling.html)

With such limited domestic spending, why do so many analysts predict that China can continue its robust growth?  In part because they believe in the misguided concept of global decoupling -- the idea that even if the U.S. economy suffers a setback, the rest of the world, especially developing countries such as China and India, will continue to flourish. Recently -- after China’s huge $586 billion stimulus program in 2009; massive imports of industrial materials such as iron ore and copper; booms in construction of cement, steel and power plants, and other industrial capacity; and a pickup in economic growth -- the decoupling argument has been back in vogue.  This concept is flawed for a simple reason: Almost all developing countries depend on exports for growth, a point underscored by their persistent trade surpluses and the huge size of Asian exports relative to GDP. Further, the majority of exports by Asian countries go directly or indirectly to the U.S. We saw the effects of this starting in 2008: As U.S. consumers retrenched and global recession reigned, China and most other developing Asian countries suffered keenly.  Overconfidence in China’s ability to keep its economy booming is also partly psychological. It reminds me of the admiration and envy (even fear) that many felt toward Japan during its bubble days in the 1980s. As Japanese companies bought California’s Pebble Beach, Iowa farmland and Rockefeller Center in New York, what was safe from their zillions? Then the Japanese stock and real-estate bubbles collapsed, and Japan entered the deflationary depression in which it’s still mired.  Success and Complacency  What’s more, China’s recent successes have been so pronounced that they’ve led many to conclude that its economy is a juggernaut. And, indeed, the Chinese have much to be proud of: Last year, China passed Japan to become the world’s second largest economy, a huge achievement considering China started in the late 1970s with a tiny pre-industrialized economy.  But this success may have led to complacency. I suspect that the 2007-2009 global recession, and the dramatic transformation by U.S. consumers from gay-abandon borrowers-and- spenders to Scrooge-like savers, caught Chinese leaders flat- footed. They probably planned to encourage consumer spending and domestic-led growth, but later -- much later.  

China’s economy not reliant upon exports

The Economist 08 (1-3-08, The Economist, "An old Chinese myth," http://www.economist.com/node/10429271)
MOST people suppose that China's economic success depends on exporting cheap goods to the rich world. If so, its growth would be seriously dented by a stuttering American economy. Headline figures show that China's exports surged from 20% of GDP in 2001 to almost 40% in 2007, which seems to suggest not only that exports are the main driver of growth, but also that China's economy would be hit much harder by an American downturn than it was during the previous recession in 2001. If exports are measured correctly, however, they account for a surprisingly modest share of China's economic growth.  The headline ratio of exports to GDP is very misleading. It compares apples and oranges: exports are measured as gross revenue while GDP is measured in value-added terms. Jonathan Anderson, an economist at UBS, a bank, has tried to estimate exports in value-added terms by stripping out imported components, and then converting the remaining domestic content into value-added terms by subtracting inputs purchased from other domestic sectors. At first glance, that second step seems odd: surely the materials which exporters buy from the rest of the economy should be included in any assessment of the importance of exports? But if purchases of domestic inputs were left in for exporters, the same thing would need to be done for all other sectors. That would make the denominator for the export ratio much bigger than GDP.  Once these adjustments are made, Mr Anderson reckons that the "true" export share is just under 10% of GDP. That makes China slightly more exposed to exports than Japan, but nowhere near as export-led as Taiwan or Singapore (which on January 2nd reported an unexpected contraction in GDP in the fourth quarter of 2007, thanks in part to weakness in export markets). Indeed, China's economic performance during the global IT slump in 2001 showed that a collapse in exports is not the end of the world. The annual rate of growth in its exports fell by a massive 35 percentage points from peak to trough during 2000-01, yet China's overall GDP growth slowed by less than one percentage point. Employment figures also confirm that exports' share of the economy is relatively small. Surveys suggest that one-third of manufacturing workers are in export-oriented sectors, which is equivalent to only 6% of the total workforce.  Even if the true export share of GDP is smaller than generally believed, surely the dramatic increase in China's exports implies that they are contributing a rising share of GDP growth? Mr Anderson's work again counsels caution. Although the headline exports-to-GDP ratio has almost doubled since 2000, the value-added share of exports in GDP has been surprisingly stable over the same period (see left-hand chart). This is explained by China's shift from exports with a high domestic content, such as toys, to new export sectors that use more imported components. Electronic products accounted for 42% of total manufactured exports in 2006, for example, up from 18% in 1995. But the domestic content of electronics is only a third to a half that of traditional light-manufacturing sectors. So in value-added terms exports have risen by far less than gross export revenues have.  Many of China's foreign critics remain sceptical. They argue that China's massive current-account surplus (estimated at 11% of GDP in 2007) proves that it produces far more than it consumes and relies on foreign demand to buy the excess. In the six years to 2004, net exports (ie, exports minus imports) accounted for only 5% of China's GDP growth; 95% came from domestic demand. But since 2005, net exports have contributed more than 20% of growth (see right-hand chart).  This is due not to faster export growth, however, but to a sharp slowdown in imports. And even if the contribution from net exports fell to zero, China's GDP growth would still be close to 9% thanks to strong domestic demand. The boost from net exports is in any case unlikely to vanish, even if America does sink into recession, because exports to other emerging economies, where demand is more robust, are bigger than those to America. According to Standard Chartered Bank, Asia and the Middle East accounted for more than 40% of China's export growth in the first ten months of 2007, North America for less than 10%.   Multiplier effects China's economy is driven not by exports but by investment, which accounts for over 40% of GDP. This raises an additional concern: that weaker exports could lead to a sharp drop in investment because exporters would need to add less capacity. But Arthur Kroeber at Dragonomics, a Beijing-based research firm, argues that investment is not as closely tied to exports as is often assumed: over half of all investment is in infrastructure and property. Mr Kroeber estimates that only 7% of total investment is directly linked to export production. Adding in the capital spending of local firms that produce inputs sold to exporters, he reckons that a still-modest 14% of investment is dependent on exports. Total investment is unlikely to collapse while investment in infrastructure and residential construction remains firm.  An American downturn will cause China's economy to slow. But the likely impact is hugely exaggerated by the headline figures of exports as a share of GDP. Dragonomics forecasts that in 2008 the contribution of net exports to China's growth will shrink by half. If the impact on investment is also included, GDP growth will slow to about 10% from 11.5% in 2007. This is hardly catastrophic. Indeed, given Beijing's worries about the economy overheating, it would be welcome.  
