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SPACE MARKET FACING THE ECONOMIC GROWTH IN SOUTH AMERICAN COUNTRIES

With the recent growth of development in the area of aerospace technology and the new possibilities of starting a small-scale space mission; countries without access to space before, have leaped to the aerospace era and now have access to space in many ways. For example, by carrying out various individual projects or by establishing agreements with other nations, including public or private investment.

In that sense, South America, having a significant economic growth in recent times, has become a potential for any company that wants to promote the aerospace technological development in the region. But for this, it is necessary to take into account the implementation of a proper market research and good planning of a strategy to target the problem solving and innovation that Latin American countries need.

As will be shown later in this research study, the data indicate that, in recent years, many South American countries were inclined to invest in remote sensing technology. Considering the above, the present research aims to show the relationship between the economic development of the countries of South America and visible decision to invest in space technology, specifically targeting remote sensing systems.

I. INTRODUCTION

The development of aerospace technology has been marked by various stages, from the beginning with the space race between the US and the former Soviet Union to today. The aerospace development represents for a country its technological level, capacity building, and their power. The development of the aerospace industry brings a lot of technology for the use of society in our daily lives, technology initially developed to explore the universe is the same as today we use in our daily lives Today we can see that the South American countries are showing strong economic growth, and this leads to a higher rate of development and increased investment in new technologies.

In recent years, it has seen as many governments in South America, have decided to invest in space systems. These space systems have different applications, among them we can mention disaster management, urban improvement, environmental assessment, telecommunications, etc. This growth means that many of the countries that previously only exported raw materials, now have the great opportunity to move into industrial development to add value to products. The possible technological development that this economic growth produce would also take in the future the need for aerospace technology in countries that do not yet have. Therefore, it is necessary, from now, to do planning studies and strategies for this potential market in our region.

This study, socially speaking, cover the entire population of all ages and all levels, for both genders, because the use of technologies that brings the aerospace industry today is used in everyday activities.

The development of aerospace technology is still considered often labeled "confidential" so that this situation represented a limitation to access some data during the development of this research study. The main objective of this work focuses on an assessment of the behavior of remote sensing space market in terms of economic growth posed by countries in South America.

This paper continues as follows, Section II presents an analysis of the aerospace technology around the world. Section III shows the different fields of the aerospace industry. In Section IV, is shown the incursion of South-American countries in remote sensing technology. Section V discusses the space market in South America. Finally, Section IV presents the conclusions.

II. AEROSPACE TECHNOLOGY IN THE WORLD

In this section, we present the background to this study, the current status of space technology worldwide.

The development of space technology starts just after the Second World War, with the so-called "Space Race" that occurs during the period known as the "Cold War" between two powers such as the United States (USA) and so on that time was known as the Union of Soviet Socialist Republics (USSR).

Study Background

There are few types of research done on the issue of development of the aerospace market in South America, but among the works we can mention:

The authors of (Roman-Gonzalez & Vargas-Cuentas 2012) shows an overview of all that is aerospace technology in the world. (Roman-Gonzalez 2012) and (CNES 2009) present some of the issues of aerospace remote sensing technology in various fields. The work presented in (Algarañaz et al. 2011) shows a study on the possibility of creating clusters of companies in the aerospace area in Costa Rica. Finally, in (Canales Romero et al. 2012) we find the situation of Peruvian universities participating in the international QB50 project that aims to study the lower atmosphere using a network of 50 nano-satellites.

Aerospace Industry in the World

The "Space Race" begins with the launch of the first artificial satellite, Sputnik I launched by the USSR on October 4, 1957. Then, the dog Laika became the first animal in space, on November 3, 1957, also by the USSR. In 1958 the first US satellite was launched, the EXPLORER I. In 1959, the USSR would still keeping to the head of the "Space Race" with the arrival of the first probe to the Moon, the LUNIK 2. After two years, The Soviet cosmonaut Yuri Gagarin became the first man in space on April 12, 1961, aboard Vostok. In 1962, USA sent its manned flight in 1969 FRIENDSHIP 7. Only in 1969 US would take the lead in the space race with the first landing on the moon with Apollo 11. Then, the USSR achieved the first landing on Mars with its Marsnik 3. In 1972, the last manned mission to the moon with Apollo 17 would occur by USA. In 1986 the first permanent station was launched into space, the MIR station by the USSR. In 1990 t h e USA put into orbit the Hubble Space Telescope. After so much competition between two world powers in 1998, it's time to conduct missions together and so that Russia would send the first module of what would later become the International Space Station (ISS), this first module it is the ZARYA. In 2011 it was concluded the construction of the ISS, where the USA has a considerable percentage of the station, the second part was implemented by the Russians. Also, Japan and the Union European have a laboratory on the ISS and finally Canada has a robotic arm. Today, many countries are working with the ISS.

The economy of the aerospace industry is a special economy. The aerospace sector is not very big in the world economy. It is estimated that annually, total The Organization for Economic Co-operation and Development -OECD countries (30, including the G-8 and EU) spend between 100 and 150 MMD, equivalent to a percentage between 0.38% and 0.57% of the total GDP of these countries (According to 2010 CNES). Even the US, which is the country that invests more in aerospace, it spends less than 0.5% of its GDP.

However, aerospace receive much attention because it causes a side effect that comes with a lot of communications technology and other resources that could not be produced by any other system.

Further development of this sector symbolizes the technological strength, leadership, and imagination that has unlimited growth, which goes beyond the frontiers of knowledge since space is limitless. Factors that produce dynamic commercial use of aerospace applications occurred in 1980 from the rapid growth of satellite telecommunications services including TV broadcasts; establishing a commercial launch industry; the development of products that require high standards of quality and safety. Aerospace is an industry characterized by heavy investment in research and development of new technology.

According to different studies, the percentage of GDP that each country invests in the development of aerospace technology, only 60% is directed to the services market for value added, 30% is intended for the manufacture of terminals and only 10 % is designated for manufacturing satellites and launch services.

According to the CNES 2010, between countries that invest in aerospace technology, the European Union is in second place with 11.7%, and within the European Union, France is the country with the most investment, followed by Germany and Italy.

Of all the investment made in different countries to promote aerospace technology, we may divide it into two types of applications, military applications and civil applications. US invests more in military than in civilian applications, while the European Union and Japan invest more in civil applications than the military.

For the future, the growth of the aerospace sector is directly influenced by limits on government budgets, changes in the political, military conflicts, changes in social trends, fluctuations in the operation of capital markets in pricing systems and in international trade.

Although resources for the development of aerospace technology are very limited, their dividends are extremely high. So it remains an extremely dynamic sector, how much do the cellular companies for their service?, how much Google receives for the service provided by Google Earth?, Televisa, SKY, CNN, could live without satellites?

The services that can be developed in the coming decades are space tourism, space usage for point to point transportation of cargo and people, manufacturing of physical goods in the micro-gravity, energy production in space for ground use, mining space, etc.

III. DOMAINS OF AEROSPACE TECHNOLOGY

Space technology could be divided into five major strategic domains: the area of security and defense, the sciences of the universe, the area of application to the public, the area of access to space, and the area of Earth, environment and climate.

Security and Defense

Aerospace technology has great applications for security and defense, as tools that help governments to control their borders and to properly trace their territory maps using radar, tracking systems, etc.

Access to Space

The European Union has a whole range of launchers ensuring its access to space completely independently. It has the Ariane5 which is the main launcher with a load capacity of 10 tons. Following an agreement signed with the Russians, now the Soyuz is launched from French Guiana, the Soyuz launched from Russia has a payload of 1.7 tons, but launched from Guyana increases their capacity to 2.8 tons by strategic geographic Guyana position. Also, it has a small launcher Vega with a capacity of 1.5 tons, which can meet the small demands. With these three launchers, Europe has the means to meet all kinds of demands.

Science of the Universe

Another major axes of the aerospace industry is exploring the universe in order to better understand the origin of the universe, everything that happened after the Big Bang and the formation of the different elements found in space. To perform this task, the aerospace technology has sent different missions as space telescopes, rovers, space probes, etc. Between these types of technology we could mention the satellite telecommunications, navigation and positioning systems, telemedicine, etc. CNES is currently conducting studies to analyze the spread of the dengue epidemic in parts of Africa through satellite images. (DLR)

Earth, Environment, and Climate For the evaluation of the Earth, atmosphere and climate, which are frequently used satellite images to fulfill the principle of remote sensing.

Remote sensing is the technology that allows us to obtain information about the Earth's surface without contact with it. This is done by detecting and recording the energy emitted or reflected by the Earth and processing, analyzing and applying that information.

Chile IV. SOUTH AMERICA WITH AEROSPACE TECHNOLOGY IN REMOTE SENSING

scheduled to be released in May 2010, but was launched on June 10, 2011. Built by the company INVAP -Argentina in cooperation with the American space agency NASA, the main objective of this satellite is The Satellite Earth Observing System of Chilean was signed in 2008 and involved an initial payment of at least $ 72 million for the Chilean government, this satellite is based on the AstroSat-100 satellite platform of the French company EADS Astrium, has weighing 115 kg, it has a high resolution camera with 1.45 meters of resolution in panchromatic mode and 5.8 m in multispectral mode with 4 bands, a broad sweep of 10.15 km, with a period of 5 days and five years of life.

Brazil

The CBERS-2B satellite was launched on 17 September 2007 and was built through a cooperation agreement between the government of Brazil and China (Corporation China Aerospace Science and Technology-CASC) at an approximate cost of $ 200 million. The CBERS-2B is based on a similar to that of its predecessor CBERS-2A, platform weighs 1,450 kg, has a high resolution camera with 2.55 meters detail in panchromatic mode and 20, 80 and 260 mts mode with 4 multispectral bands, variable sweep width depending on the level of detail of 27, 120 and 890 km, and a revisit period of 130, 26 and 5 days respectively, it was designed to have a lifespan of five years, however officially stopped operating the July 9, 2010, after only two years and 10 months of operation due to technical problems.

Venezuela

September 28, 2012, was put into orbit the first earth observation satellite of Venezuela called "Miranda", the same that was built by the Chinese company Great Cooperación Industrial Wall (CGWIC), subsidiary of the China Aerospace of Science and Technology Corporation (CASC). The satellite "Miranda» had an initial cost of 140 million dollars. According to information published in various media, had an initial increase in the budget of 35 million for the construction of the satellite itself, to secure 13 millio n and 24 million for the construction of satellite factory, adding all approximately 212 million dollars. The VRSS-1 satellite is based on CAST2000 bus developed by the China Academy of Space Technology (CAST), and according to information now available, has a camera with a panchromatic sensor with 2.5 meters of a level of detail, makes the most expensive bought in the region, due to their limited technical characteristics.

Argentina

The SAC-D satellite (Satellite of Scientific-D applications) SAC-D, also called Aquarius, was get climatic and oceanographic information, processes measuring ocean salinity, identify pockets of high temperature on the Earth's surface for conducting fire risk maps and soil moisture, etc. This scientific satellite has multiple instruments such as radar and infrared sensor, medium resolution camera that can take data at different levels of detail up to 2 times a day and sweep variable widths from 380 to 1.600 km wide, according the tool you use, weighs 1,600 kg and at least 5 years of life.

Ecuador

The April 25, 2013, was placed in orbit the first Ecuadorian nano-satellite NEE-01 Pegasus, the same as using a platform called CubeSat 10 x 10 x 10 cm and 1 kg. This is basically a scientific experimental satellite and was designed and built in Ecuador, by the Ecuadorian Civilian Space Agency (EXA), without foreign assistance. It was built with contributions from private entities, who invested $ 80,000, while Ecuador contributed with about $ 700,000 for the launch, insurance, logistics and tests of certification.

Peru

Peru, with his Peruvian Space Agency -CONIDA (Comision Nacional de Investigacion y Desarrolo Aeroespacial), on September 15, 2016, launch of its first Earth Observation Satellite, this space system, includes a sub metric satellite, the launch and insurance and ground infrastructure.

Also the technology transfer and training of 30 Peruvian engineers in the city of Toulouse -France, for seventeen months to acquire skills, competencies and professional skills as indicated by the supplier.

This acquisition represents an investment of approximately 212 million dollars to the Peruvian government. The Bolivian Space Agency announced the country's willingness to purchase a remote sensing satellite in the near future.

V. NANO-SATELLITES: EMERGING TECHNOLOGY

Thanks to the miniaturization of various electronic systems, one was developing small crafts called nanosatellite, which can be launched into space and complete the basic functions of a standard size satellite.

We can see that nowadays there are different raids in the development and implementation of nano-satellites, in the world, as the nanotechnology has enabled create systems with a new principle: "Faster, Better, Cheaper", with size reduction, time reduction, we can achieve a decreasing cost. This investment is ranging from a few hundred thousand dollars (especially in nano-satellite missions with educational goals), up to hundreds of millions of dollars (for space missions with more real purposes into society applications).

This can prove the interest of these countries in South America in promoting the development of the space industry, first by the needs of different applications that can be given to this type of technology, and second by economic growth that these countries are showing. Economic growth (in many cases is between 3 to 6%), it allows the Latin American countries, invest in satellite technology, years ago this idea was not in the plans of many South American countries (who thought only of strengthening education, health and other basic services to the population).

It is worth mentioning that these investments in satellite technology are given through the purchase to companies from North America, Russia, Europe, China, or Japan. This is because there is not yet a Latin American company that can offer satellite technology to market. So this evidence the lack of a development of its own technology in this field of engineering.

However, it is believed that there is a possibility to start in the aerospace market through the development of nanosatellite missions. In recent years there has been the incursion of many educational institutions in the development of CubeSat. That is why the aerospace market could be more dynamic by opening the market to more companies for increase the development of nanosatellite missions.

Likewise, it is believed that another market opportunity arises from the geographical position of some Latin American countries such as Peru and Ecuador, this position takes this opportunity to become space launch centers. Given that the launch price is around $ 80,000 per kilogram, the opportunity to implement a launch center suggests an interesting business in South America. If it is true, governments may have limitations to invest in a project of this type, but with the interest and support of private investment, could get into this potential market together.

Regarding missions simulation, and the growing interest in sending manned missions to Mars, the desert of La Joya in Arequipa -Peru, or the salt desert Uyuni in Potosi -Bolivia, could become in good locations for do the simulation of Mars exploration, as is being done in the Mars Desert Research Station -MDRS located in the deserts of Utah -USA.  In South America's market do not exist a company that could offer satellite technology.  The foray into the aerospace market can be initiated through nano-satellite missions, who is showing a significant increase in recent years.  The nano-satellite market should only be the first step to venture into the development of the industry of satellite technology in South America.  Another potential market is for space launches because South America is in a favorable geographical position for that purpose.
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 1 Fig. 1: Investment in aerospace technology (CNES) Although aerospace emerged as a political reality of the technological race during the Cold War, it has always been linked with the economy. It started as a direct government spending (US and USSR) but had multiplier effects that have allowed the creation of new technologies that raise productivity; stimulating a new industrial development and new products; training the workforce in new capacity and technical skills; the emergence of new technologies side.Factors that produce dynamic commercial use of aerospace applications occurred in 1980 from the rapid growth of satellite telecommunications services including TV broadcasts; establishing a commercial launch industry; the development of products that require high standards of quality and safety. Aerospace is an industry characterized by heavy investment in research and development of new technology.According to different studies, the percentage of GDP that each country invests in the development of aerospace technology, only 60% is directed to the services market for value added, 30% is intended for the manufacture of terminals and only 10 % is designated for manufacturing satellites and launch services.According to the CNES 2010, between countries that invest in aerospace technology, the European Union is in second place with 11.7%, and within the European Union, France is the country with the most investment, followed by Germany and Italy.Of all the investment made in different countries to promote aerospace technology, we may divide it into two types of applications, military applications and civil applications. US invests more in military than in civilian applications, while the European Union and Japan invest more in civil applications than the military.
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 56 Fig. 5: Nations and continents who launched nanosatellites 2016. (Nanosatellite & CubeSat Database) Already several countries and institutions have developed and currently are developing nano-satellites with different primary objectives, but with one purpose: access to space.
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 7 Fig. 7: Nano-satellite by launch years (Nanosatellite & CubeSat Database) VI. DISCUSSION OF THE AEROSPACE MARKET IN SOUTH AMERICA As seen in previous sections, several South American countries are investing in space systems.This investment is ranging from a few hundred thousand dollars (especially in nano-satellite missions with educational goals), up to hundreds of millions of dollars (for space missions with more real purposes into society applications).This can prove the interest of these countries in South America in promoting the development of the space industry, first by the needs of different applications that can be given to this type of technology, and second by economic growth that these countries are showing.
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 6 Fig. 6: Mars Desert Research Station -Crew 138 VII. CONCLUSIONS AND RECOMMENDATIONS  In recent years it has presented a significant increase in interest from South American countries to invest in aerospace technology.  The investment made by countries in South America, mainly consist in acquiring the aerospace