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Environmental Sustainability through Space Travel
Long Duration Space Travel as a Means To Future Environmental Sustainability


The world will soon see a greater need to utilize resources effectively and efficiently due to rapid population growth.  Resources are becoming much more valuable and restricted with each passing year.  Current trends in growth and resource depletion have resulted in the need for a plan of action concerning the future sustainability of the environment and its remaining resources.  Sustainability must deal with issues of resource conservation and efficiency, as well as energy production.  A laboratory to research solutions to these issues may be found in developing a system for long duration space travel.  Completing an interstellar mission successfully will require the development of new technology and the enhancement of scientific knowledge, which will lend itself to environmental sustainability. These tools of travel will be a benefit to the human race through both short and long-term applications, teaching about conservation and effective use of environmental resources far into the future.
Studying environmental sustainability through long duration space travel is a long-term effort that will bring the world both knowledge and new technological resources.  Short-term goals will facilitate a foundation for long-term sustainability of the environment.  These short-term goals include the application of technology in both industrial and domestic areas and the advancement of technology in the fields of space research, energy, and resource conservation.  Developing new technology is a necessary step in dealing with sustainability issues while the problem is not pressing and resources are available.
Space travel has several implicit requirements.  These include, but are not limited to, efficient and non-depleting energy sources, advanced and intense resource productivity, and zero waste recycling systems.  New technology will also require the understanding of biological systems and their application to space travel, a process known as biomimicry, to create self contained and efficient environments.  Zero waste systems and a constant recycling of materials will be an integral part of an interstellar mission because every ship will be limited in the resources it may bring and there is no ability to rebuild those resources during a mission.  Energy is another resource that must be advanced before space travel may begin, as it is an integral part of a mission that cannot be easily replenished nor wasted.  Therefore, the systems of interstellar space travel must encompass breakthrough energy resources and an independent environment based upon the principles of biomimicry.  Understanding these requirements will lead to further knowledge that can be applied to the environmental sustainability of the future.
The technology of future space travel, especially in the case of interstellar distances, will require research into new technologies.  The current methods of travel are propellant driven (i.e. the use of combustion and mass release as a method to move a space ship) and are inherently slow and inefficient.  To continue forward across the stars, the human race must develop new, clean power sources that are efficient and non-depleting, as well as the technology to effectively utilize it.  New forms of propulsion, such as warp drives, will require the advancement of physics and technology related to energy production.  These technologies will require enough energy to bend, warp, or otherwise affect the fabric of space.  Alcubierre and Van de Broeck, scientists involved in the study of astrophysics, have shown that this energy is attainable, in theory, however, the method of attainment remains to be developed.  A parallel to propulsion is the advancement of physics in the realm of super string theory, the idea that all the laws of physics may be unified and thereby manipulated in tandem.  Scientists are coming closer to an understanding of how the manipulation of electromagnetism may be used to affect forces such as gravity using the new physics of super strings.  Coupling new energy sources and unified physics may pave the way to bending space or developing other space-manipulating propulsion systems.  These are the systems that will facilitate space travel in the future.
At the Glenn Research Center in Cleveland, Ohio, the National Air and Space Administration (NASA) has set up a program to develop new advanced propulsion systems.  The Breakthrough Propulsion Physics (BPP) Project has proposed a number of requirements for effective interstellar travel.  The first of these is to develop propulsion not reliant on physical or propellant mass.  A second requirement is to develop propulsion that obtains the maximum transit speeds physically possible.  The last goal is the development of breakthrough methods of energy production to power such propulsion devices is a requirement.  One of the programs BPP is interested in is Warp Drive.  Warp Drive is a system of transportation by which a body moves from one location to another by warping the surrounding space such that behind the interstellar craft space will expand and in front space will contract.  The concept of a Warp Bubble is used to do this and the mathematics of Miguel Alcubierre, a Mexican physicist, gives testament to the fact that it can be done.  Alcubierre showed through General Relativity that, using enough energy, a Warp Bubble can be created, around which space may warp, allowing a space craft to travel great distances in arbitrary time frames.   Research done later by Chris Van Den Broeck of the Catholic University in Leuven, Belgium, proved that this method of transportation was feasible since the total energy required is equivalent to one gram of negative mass, compared with Alcubierre’s method which required the energy of more than 1 billion galaxies.  The physics of negative mass is beyond the scope of this paper, however, a study of basic relativity will show that mass inherently holds tremendous stores of energy, as seen in the power of atomic energy and weapons.  The immense amount of energy that must be attained for interstellar travel becomes apparent when considering the application: bending space.  If the energy from this one gram of negative mass were harnessed, not only could interstellar crafts be powered and moved by the bending of space, but the applied energy could power the world if it were distributed properly..
These new methods of energy production must not exceed the current expense of space missions.  If the cost of new energy production exceeds that of current methods there will be no investment from either private or government sectors.  The two concepts of abundant and cheap energy are very much intertwined.  By creating cost effective abundant energy sources, the world has the ability to utilize technology developed for space travel here on Earth.  Energy resources developed for interstellar travel may be applied to the energy needs of the world.  Using only the power system needed to power Warp Drive, the entire world could be powered, replacing less efficient and environmentally damaging processes such as the burning of fossil fuel and hydroelectric power plants.
The development of technology from interstellar travel carries with it environmental benefits for Earth.  The abundance of energy from an interstellar ship’s power source would quickly overturn current energy production methods.  Replacing current energy sources with a new power source would eliminate emissions from fossil fuel burning power plants, which, coupled with a change to electric transportation, would benefit the environment and the people.  Emissions from power plants, industry, and transportation are slowly affecting the environment, and eliminating or decreasing these emissions would slow damage and even alleviate the strain of manmade affects.  Freeing up large dams across the world would also help to restore the ecosystem, allowing animals to regain the territory they may have lost and to rebuild their population.  As an example, fish populations have in general been decreasing for years due to man-made dams that block natural migration patterns for breeding.  Cutting off this part of the ecosystem by slowly depleting the fish population has in many places put these species in danger of extinction and, among other factors, has harmed the food cycle in the wild.
Developing an independent space environment will be a challenge in and of itself; however, maintaining an environment in space so that it does not degrade over time will lead to the creation of integrated technologies that pertain to natural environments.  Since the systems, biological or technical, must be conservative and efficient, few or no byproducts would be produced.  In any environmental system,  limiting the degradation of resources as a product of system function is important and any system that effectively limits this degradation may be adopted as environmentally friendly.  This type of inclusive system can be viewed as a life cycle environment, where systems work together as a collective environment, as opposed to individual aspects of that environment.
Resource conservation and efficiency will play a major role in space travel, as well as the future in general.  In space travel no resource can be wasted, as the requirements of long duration space travel would prohibit carrying anything that was not part of or necessary in the environment.  Basic resources would be recycled in a long duration mission to maintain a life cycle environment.  Changing behavior to not waste resources in accomplishing tasks will allow for a better understanding of resource conservation.  Setting up efficient processes based upon resource conservation, will aid in correct utilization of resources.  Few man-made energy or biological systems obtain high efficiency levels, and even fewer systems try to take advantage of efficient processes.  A mission cannot afford to carry waste resources that do not fit with the life cycle environment.  Developing systems that utilize resources entirely will be a major concern of space travel that may lend itself to issues of sustainability.
Sustainability will become an issue in the future that must be addressed.  The knowledge and technologies required to deal with sustainability issues may be developed without the vehicle of interstellar travel.  Space travel, however, affords different benefits to solving environmental sustainability issues that may not be found elsewhere.  Consolidation of goals and technology is an important step in solving issues of sustainability.  Different technologies on their own may not survive; however, the development of these technologies within a framework that is driven to completion will enhance research and development in a meaningful way.  In creating a long-term plan to address sustainability, it will also be necessary to apply the technology to short term goals.  While a program such as this may take several decades to complete, the short-term applications of environmental knowledge, health and system knowledge, and even energy and propulsion research can be used to accomplish goals such as energy production, planetary research, and resource conservation, all of which are attainable.  The thought of not completing the long-term aspects of an interstellar project should not deter those interested, as the short-term benefits of technology will outweigh in many cases what might be currently undertaken to continue the advancement of technology and further sustainability programs.  As an example of short-term benefits, interplanetary travel to planets such as Mars also becomes a possibility for goals such as research or colonization.  These are topics that could be enhanced by the development of space travel.
The future of sustaining the growing needs of society is in jeopardy without new technologies and systems that efficiently utilize and conserve resources in an environmentally sound fashion.  Long duration space travel is a means by which the systems and technologies needed to sustain the population of the future can be developed and tested.  Showing that the technology can work, by means of space travel, will ease its implementation into society by giving it credibility.  Clean and abundant energy, as well as basic resources, will benefit a population where resources are beginning to become limited and restricted.  Short-term benefits of interstellar travel, such as energy production and resource conservation, will outweigh the benefits of current programs attempting to accomplish similar goals independently.  Society will benefit, not having to wait for the project’s completion before the ability to utilize the technology.  The future, in light of the advancements in environmental sustainability, looks much brighter without pressure on dwindling resources due to the development of space travel. 
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