3.

Purpose of life: be happy.

Ultimate goal of civilization: utopia.

Short term goals: decrease all production costs to virtually nothing. Help foster further unification of our planet, by ending the environmental/energy crisis. End world  hunger/poverty to satisfy peoples' basic needs required for happiness. Allow mankind to climb out of its cradle.

Longterm goals: utopia that spans our universe.

How: Self-replicating nanotechnology, the holy grail of civilization.

Its potential for good is the creation of the closest thing to a utopia that we can foresee in the near future. Being able to supply the basic necessities of life and  modern conveniences to every corner of the world. It will be a movement towards a utopian world but even freedom from material lust will not guarantee happiness. Maszlow's hierarchy of need.

What is nanotechnology? It involves basic research on structures having at least one dimension of about one to several hundred nanometers. Within those nanometers, scientists will build nanomachines through processes that exhibit control over the physical and chemical attributes of molecular-scale structures. Scientists believe that nanobots will eventually be designed to be self replicating, meaning one nanobot could reproduce exponentially as long as there are elementary materials available. Nanotechnology could provide unparalleled prosperity and pollution-free industry. 

Nanotech will be essential in many currently active fields of research including the unification of physics, understanding the human body and mind. Current research in protein interaction could isolate the source of aging. Nanotechnology may be the vector for the fountain of youth, or other somatic/germ line gene therapy.


Self replicating nanotechnology will almost instantly obsolete all previous forms of industry, for nanobots will be able to replicate for free, and arrange atoms according to any digital blue print. An object of any size or complexity can be created very quickly with no human labor involved. The only concerns will be the elements present and the energy required. Energy costs could become insignificant in nanoproduction. For example to create a diamond through current conventional techniques, the carbon would have to be placed under astronomically high temperatures and pressures. Yet the energy potential between diamond and graphite are barely noticeable. Energy difference between conventional diamond production and nano diamond production is practically a billion to one. Thus diamonds or another super strong form of carbon would become cheap enough to become a common structural material, revolutionizing the way any large structure is built.


Nanoproduction will enable solar panels and windmills to be cheap enough to be placed all over the world replacing all combustion and nuclear power. This along with our current alternatives to internal combustion car engines is the miracle cure to our pollution problem. These technologies would not be limited to first world countries but would be affordable in even the poorest regions of the world, providing the necessary infrastructure for developing economies.


All patenting and copyrights would break down as a result of nanotechnology. If one can download a design from an user exchange program and create a TV with a personal replicator, how does Sony profit from the millions of dollars spent research and development? There is one simple solution that still evades recording industries today: sell it to the user conveniently at a very cheap price so that it becomes economically viable for the buyer. Of course some government intervention will be necessary, and the government could  choose to enforce copyright laws for companies that provide reasonable prices. This will become a vitally important issue in a post-nanorevolution international economy.


If production is so cheap then what still holds financial meaning? (Besides intellectual copyright.) Land has always held value and always will, and may be the sole determinant of wealth on the planet. In space, however, land can be created in cylindrical space colonies that utilize artificial gravity through centripetal acceleration. But with extremely high lift costs how could such a massive structure be worth the effort even in a nano age? The answer is the lunar bootstrap method. This method was outlined during the 70s with the contemporary conventional techniques in mind. This out line can be easily modified to be performed entirely by nanorobotics and macro robotics. (A copy of my full outline can be found at www.GerhardB.com) These nanobots and their macroscopic controllers could be deposited on the moon at relatively cheap costs (or into other solar systems). These nanobots could reproduce and then construct rail launchers to launch the refined moon rock to earth orbit where it could be used to construct human space colonies or solar powered microwave power plants. (Microwave plants generate electricity in space and beam microwave radiation to receivers on the surface of the Earth.) The colonization of space would provide new land to be settled and would cure the overpopulation that exists today.


Nanotechnology has the potential for so much good. It has the equal potential to do wrong even if it is in the right hands. Replicator runaway is the scariest scenario conceived so far. One rouge replicator could replicate infinitely and annihilate the Earth's crust along with us and turn everything carbon into nanobots. The entire human race would be wiped out. We can look to ourselves as to how we fight cancer. Cancer and replicator runaway are in essence the same thing. The body has three mechanisms that could be applied to nanotechnology. The first prevents and alters mutations so that the cell never goes out of control. The second measure requires the literal suicide of a cell if it mutates or goes out of control. The final layer of defense is the immune system which hunts down and destroys the cancerous cells. Nature's wisdom can be used to prevent replicator runaway but I will never trust any human system while its failure means the destruction of the entire human race. Now what self-replicating nanobots need is a field test, someplace where if we screw up entirely and all our preventive systems fail we could sit back and learn from our mistakes. Any testing goes wrong on Earth in a non-isolated environment and there will be no one to learn. Where would a perfect field test be? On Earth's only natural satellite.


Nanotechnology is a very scary thing, yet can yield an infinite number of cool things like wall paper that emits music, high powered computers as thin and cheap as paper, walls that move instead of doors, robots that are useful, growing houses. The  possibilities are endless. Unfortunately I do not have the time to explain many of the workings of nanobots or the hierarchy that could control them but the technology is completely viable at every level scientifically and economically. The revolution is coming and soon. Progress is like a juggernaut and cannot be halted by any means. Like every technological revolution, it will evoke social evolution. This time at an unprecedented speed. Out of the Chaos of social/political change and the dust which has the power to either create of destroy, will rise either a beautiful utopia or a fallen civilization that will stand as a reminder to alien sentient life of what not to do. This revolution will occur during my lifetime and will probably be led by my generation. I am going into physics and chemistry so that I may partake in the revolution at hand and will devote my life to guiding my cousins through the turbulent yet exciting times ahead. My ultimate goal is to create a virtually infinite utopia for all sentient entities in the universe whether human, alien, synthetic, or other.


2.5 to 6 billion in 50 years. A totally unprecidented rate of growth of the human popuation. Meanwhile carbon emmisions are increasing at even faster than the population as the devoluping world devolupes. In the past 140 years CO2 levels have incresed by 50%. Global temperature rise over the same period is 0.6°C. It may not seem signifigant now but such climate changes are already having detrimental effects on the enviromnent and agriculture. As the population continues to grow, food, water, and other reasourses will become more and more scarse. Inversly starvation, poverty, and dieses will all become more and more common. 


Many people say that there will be a maraculous invention to cure the worlds problems. The miraculous invention could be nanotechnology.


What is nanotechnology?Nanotechnology is a buzzword that represents any technology having at least one dimension of about one to several hundred nanometers. Within those nanometers, scientists will build nanomachines through processes that exhibit control over the physical and chemical attributes of molecular-scale structures. Eventually nanobots will be designed to be self replicating. Once a self-replicating nano bot is invented it could be reproduced millions of times and spread across the world to where it could provide unparalleled prosperity and pollution-free industry.


Current industry, transportation, and infrastacture are built and maintained through the combustion of carbon, to form  CO2 and CO. These gases would not be needed to be produced in a nanoeconomy. The nanoeconomy will form as self replicating nanotechnology will instantly obsolete all previous forms of industry.


Nanobots will be able to replicate for free, and arrange atoms according to any digital blue print. An object of any size or complexity can be created very quickly with no human labor involved. The only concerns will be the elements present and the energy required. Energy costs could become insignificant in nanoproduction. For example to create a diamond through current conventional techniques, the carbon would have to be placed under astronomically high temperatures and pressures. Yet the energy potential between diamond and graphite are barely noticeable. Energy difference between conventional diamond production and nano diamond production is practically a billion to one. Thus diamonds or another super strong form of carbon would become cheap enough to become a common structural material, revolutionizing the way any large structure is built.


Nanoproduction will enable solar panels and windmills to be cheap enough to be placed all over the world replacing all combustion and nuclear power. This along with our current alternatives to internal combustion car engines is the miracle cure to our pollution problem. These technologies would not be limited to first world countries but would be affordable in even the poorest regions of the world, providing the necessary infrastructure for developing economies.


All patenting and copyrights would break down as a result of nanotechnology. If one can download a design from an user exchange program and create a TV with a personal replicator, how does Sony profit from the millions of dollars spent research and development? There is one simple solution that still evades recording industries today: sell it to the user conveniently at a very cheap price so that it becomes economically viable for the buyer. Of course some government intervention will be necessary, and the government could  choose to enforce copyright laws for companies that provide reasonable prices. This will become a vitally important issue in a post-nanorevolution international economy.


If production is so cheap then what still holds financial meaning? (Besides intellectual copyright.) Land has always held value and always will, and may be the sole determinant of wealth on the planet. In space, however, land can be created in cylindrical space colonies that utilize artificial gravity through centripetal acceleration. But with extremely high lift costs how could such a massive structure be worth the effort even in a nano age? The answer is the lunar bootstrap method. This method was outlined during the 70s with the contemporary conventional techniques in mind. This out line can be easily modified to be performed entirely by nanorobotics and macro robotics. (A copy of my full outline can be found at www.GerhardB.com) These nanobots and their macroscopic controllers could be deposited on the moon at relatively cheap costs (or into other solar systems). These nanobots could reproduce and then construct rail launchers to launch the refined moon rock to earth orbit where it could be used to construct human space colonies or solar powered microwave power plants. (Microwave plants generate electricity in space and beam microwave radiation to receivers on the surface of the Earth.) The colonization of space would provide new land to be settled and would cure the overpopulation that exists today.


Nanotechnology has the potential for so much good. It has the equal potential to do wrong even if it is in the right hands. Replicator runaway is the scariest scenario conceived so far. One rouge replicator could replicate infinitely and annihilate the Earth's crust along with us and turn everything carbon into nanobots. The entire human race would be wiped out. We can look to ourselves as to how we fight cancer. Cancer and replicator runaway are in essence the same thing. The body has three mechanisms that could be applied to nanotechnology. The first prevents and alters mutations so that the cell never goes out of control. The second measure requires the literal suicide of a cell if it mutates or goes out of control. The final layer of defense is the immune system which hunts down and destroys the cancerous cells. Nature's wisdom can be used to prevent replicator runaway but I will never trust any human system while its failure means the destruction of the entire human race. Now what self-replicating nanobots need is a field test, someplace where if we screw up entirely and all our preventive systems fail we could sit back and learn from our mistakes. Any testing goes wrong on Earth in a non-isolated environment and there will be no one to learn. Where would a perfect field test be? On Earth's only natural satellite.


Nanotechnology is a very scary thing, yet can yield an infinite number of cool things like wall paper that emits music, high powered computers as thin and cheap as paper, walls that move instead of doors, robots that are useful, growing houses. The  possibilities are endless. Unfortunately I do not have the time to explain many of the workings of nanobots or the hierarchy that could control them but the technology is completely viable at every level scientifically and economically. The revolution is coming and soon. Progress is like a juggernaut and cannot be halted by any means. Like every technological revolution, it will evoke social evolution. This time at an unprecedented speed. Out of the Chaos of social/political change and the dust which has the power to either create of destroy, will rise either a beautiful utopia or a fallen civilization that will stand as a reminder to alien sentient life of what not to do. This revolution will occur during my lifetime and will probably be led by my generation. I am going into physics and chemistry so that I may partake in the revolution at hand and will devote my life to guiding my cousins through the turbulent yet exciting times ahead. My ultimate goal is to create a virtually infinite utopia for all sentient entities in the universe whether human, alien, synthetic, or other.

What is nanotechnology?   It involves basic research on structures having at least one dimension of about one to several hundred nanometers.  Within those nanometers, we can build nanomachines through processes that exhibit control over the physical and chemical attributes of molecular-scale structures.  Nanotechnology can provide unparalleled prosperity and pollution-free industry. Scientists believe that nanobots will eventually be designed to be self replicating, meaning one nanobot could reproduce exponentially as long as there is materials available.  With the help of nanotechnology, humans will able to accomplish what seems unfathomable even now.  Nanotechnology will revolutionize all fields of industry but self replicating nanotechnology will probably dominate one place where virtually no production has ever occurred; outer space.

Eventually, there will be not enough of resource, energy, or space for us on the earth due to the increase of population.  There is only one thing we could do, migrate to the space. Present manufacturing capability limits the performance, reliability, and affordability of space systems, but the bottom-up approach of molecular nanotechnology has the potential to produce space hardware with tremendous improvement in performance and reliability at substantially lower cost. Also because of the nightmarish scenarios of replicator runaway it would be prudent to first experiment in a region where the entire human race is not at stake.

This is fairly new topic.  Therefore, there are not many developments in this area yet.  Below is a brief timeline to show the process:

A major report to the board of the Space Studies Institute, summarized in SSI's Update newsletter (Fourth Quarter 1995) by Dr. George Friedman, executive director of SSI. 

A paper presented at SSI's May 1995 Space Manufacturing Conference, on the topic Minimizing the Initial Space Manufacturing Base, by Steve Vetter, Senior Advisor, Space Studies Institute, and an active participant in Foresight Institute affairs. 

A session at the Space Manufacturing Conference on the topic of Advanced Technologies, also chaired by Vetter. 

Publication by Thomas L. McKendree, President of the Molecular Manufacturing Shortcut Group, of a paper entitled Planning Scenarios for Space Development, in which he applies scenario-planning methods to key issues of space development. 

WASHINGTON, November 14 - The National Space Society (NSS), the world's premier space development advocacy organization, and the Foresight Institute, the world's premier organization dealing with information on nanotechnology and advocacy of nanotechnology research, are pleased to announce the release of the NSS position paper on space and molecular nanotechnology.

NNS’s proposal is the first public position paper looking at the implications of nanotechnology for a specific field of activity-the development and settlement of space. It is also the first applications paper published by an organization other than those directly involved in nanotechnology. This publication marks the advent of public interest groups looking at the implications of nanotechnology for short-term, medium-term, and long-term planning.


In the late 70's The United States could have spent virtually its entire defense budget and constructed a space colony in low earth orbit. But because of the high cost and fears that it would destabilize the international political balance, the United States of America did not take the initiative in space colonization. At the present time  NASA has no plans to proceed to the construction of a space colony. The primary  cost of constructing a space colony derives from the extremely energy intensive process of bringing  the materials needed for the construction of  a mining base on the moon and/or space colony out of earth's atmosphere. It costs approximately $100,000 per Kilogram to transport cargo into space. Even when a reusable space vehicle is developed  the lift costs still hover around $10,000 per kilogram.  Needless to say an extraordinary effort would be needed to construct a full scale, self sustaining colony. However with the current developments in computers and nanotechnology, it seems that before any government initiates the construction of a space colony, an incredibly cheap method could be used to construct space infrastructure and human colonies.


The standard bootstrap model for the construction of the first generation of colonies follows these basic steps.

Establish a small mining station on the moon manned by 3-10 people that bulldozes moon rocks, perform a small quantity of refining on them,  then pack them into magnetic buckets. These buckets would be constructed on site. They would be fired out of the moon's orbit, into High/Low earth orbit, by entirely electrical rail launchers. Current designs can accelerate a bucket at over 1800 G's, which would only take 160 M of track to get a bucket out of the moon's gravity  This station would be powered by solar panels that receive light every 15 days, store the power and power the station during the lunar nights.

The buckets would be received into a device in earth orbit, and then shipped to the construction site by lower velocity rail launchers. This process would be almost completely automated. In order to maintain the velocities of the receivers it could receive a certain mass of buckets on one side of its orbit and on the other side it could receive the same amount of mass. Thus it would be able to maintain a static orbit with no outside energy.  

The buckets and the materials they contain would be made into the necessary parts to construct the space colony. The colony would be constructed in low earth orbit to allow easier access for the workers. This would be very labor intensive and because of 0 Gees, OSHA would probably require that a  worker could only work in space 1 year at a time to maintain adequate health.

After the first colony is constructed and set in motion to maintain 1 Gee at the surface, the other colonies will have a staging point for workers, materials, etc. The Moon mining station will be expanded, more receivers would be set in orbit, and bigger and better colonies built.


This is the old model for space colonization, but I am proposing a new model which could cut costs so drastically that a single small corporate initiative could initiate and manage an otherwise colossal undertaking. However drastic advances in nanotechnology would have to be made to even consider this method of space colonization. Working replicates, material interaction, and advanced nano-control systems would have to be developed . After they are developed the cost of colonization would be in the millions rather than the billions, even after inflation is considered. How  would this new technique proceed?


It would proceed on the same basic principles as the 70s plan, only humans could be completely replaced by nanotechnology in all areas of space.


First a small space probe could be sent, through conventional means, to the moon. When it lands (softly) on the moon it would deploy nanobots suited to 1/6 gees, 0 pressure, and high radiation. While the probe itself would contain the primary computer it would be in constant communication with the Earth, provided that a couple of communication satellites orbit the moon. The construction of the solar diodes and other machinery could be produced entirely from the moon rocks. (A site with diverse elements and compounds would be chosen for the mine.) The probe could be micromanaged by people and computers stationed on the earth. The probe could release microbots which would be microscopic but intelligent. These microbots would control the nanobots and would be managed by the probe, forming a robotic hierarchy built to effectively manage all of the projects the nanomachines would undertake. The larger more intelligent, microbots could be used to triangulate the nanobots' position, provide direction and order to manipulate atoms. This would increase the efficiency of all nanoproduction on both Earth and in space.  Microbots could curb rogue nanoreplication through  a collective intelligence, and prevent this disaster entirely. These microbots could send out certain signals telling the nanobots when and where to reproduce. This would place the reproduction rate of the base of this pyramid indirectly into the hands of humans controlling the operation. These microbots along with the space probe could be produced of course by the nanobots, along with all other equipment on the moon.


To ensure success,  multiple probes would be launched to multiple sites. The nanoreplicators would reproduce in the mineral rich moon rock and would construct the entire power network and mining operation. Processes on the moon would take moon rock from refining to partially assembled final products that fit in the Rail launchers. These launchers will probably be around a meter in diameter. Refining the moon rock could be done by electrolysis if it were impossible to accomplish through nano-machines. By applying the idea that everything could be done at the nanoscopic level to an extreme,  the buckets could even  be equipped with ion or chemical retrorockets. This would entirely eliminate the need for the second step above. When the Buckets get to low earth orbit, it will be very easy for a small number of human workers, robots, or nanobots, to fuse the partially assembled materials with blowtorches or nanotechnology. Thus constructing the first space colony. All of the resources needed to build and sustain permanent space colonies are on the moon. Through these nano-techniques, it would be very easy to mine the moon to oblivion in less than a thousand years. One would simply have to wait for the nano-machines to reproduce and create new communication centers and mining centers all over the moon. This technique could also be used for the majority of celestial bodies, with the exception of bodies too hot or to massive to manage. Mars would be a good example of a body where we could extract all of its materials to build material efficient space colonies, but we wouldn't. This is because Mars is ripe for teraformation. Mars has a large quantity of CO2 and H2O frozen just beneath the surface. If humans were to merely deposit a reasonable amount of the greenhouse gasses we absolutely hate, like CFCs. Then when summer rolls around on the surface of Mars, enough CO2 gas would be released from the surface into the air to initiate a greenhouse effect that would induce a chain reaction that would give Mars its atmosphere. One would only have to give nano-probes a single task on Mars IE create greenhouse gases, and the hardest part of the teraformation is complete. The next step could be accomplished by our own current and very efficient nano-machine, blue green algae. One cell deposited on the surface of teraformed Mars would make the planet green and oxygen-rich in no time at all.


The long term space colonization will commence many decades, even centuries in the future, and will be dominated by fully automated nano, micro and macro robots.  In a century beyond this one we will have tamed space. After space has been colonized and much of the moons and asteroids have been transformed into space colonies, that orbit the sun and contain sustainable ecosystems with controlled sunlight, climate, and the works, the world will look to the colonization of other Solar systems but like the initial colonization of space the colonization of other solar systems will be completed by machines, not humans and that build themselves off of indigenous elements and compounds. But this colonization will take place on a scale completely unprecedented on all scales, and will require no micromanagement from people/computers that orbit the sun, but discrete thinking entities stored in the "Seed probes." Millions, billions, even trillions of these probes could be launched at very high velocities all over the universe, and when they reach their targets they will build colonies and expand the reach, of civilization at something comparable to the speed of light. It seems truly extraordinary that Extraterrestrials have not in fact colonized our solar system like we will colonize all of the solar systems in this universe.

Mars looks good but  is too far away, would take centuries to terraform, and could sustain even less population than the Earth can. 

Also electricity could be transferred from radiant energy form the sun to microwave energy and transmitted thought the atmosphere where it would be received on earth, to provide a pollution free form of electricity. Once the population on earth has stabilized it would be easier to build industrial infrastructure based on reusable energy sources and fusion.


Overpopulation is the biggest problem faced by the world today. Human population has increased from 2.5 to more than 6 billion between 1950 and 2002. This is a totally unprecedented growth rate. As the population continues to grow, food, water, and other resources will become increasingly scarce. Meanwhile carbon dioxide levels are increasing faster than the population does, as more countries become industrialized. In the past 140 years, atmospheric CO2 levels have increased by 50%. Global temperature has risen approximately 0.6° C during this same time period. It may not seem significant now but such climactic changes are already having detrimental effects on the environment and agriculture. In addition, starvation, poverty, and disease will worsen. The environment cannot  adequately sustain even 2 billion people with our current geopolitical and industrial systems. How will it fare with the 10 billion predicted by 2050?


Aside from controlling the birthrate, the only solution to our overpopulation problem is to transfer the human population off-planet. The most feasible approach would be to create free-floating space colonies. Such space colonies as conceived by Gerald O'Neil would be cylindrical and provide artificial gravity through centripetal acceleration. They could employ a system of mirrors and filters to provide natural sunlight to their inhabitants. Food could be grown and  harvested in specialized containers. Our solar system has enough resources to house and sustain over 1015 people with less population density than we face on Earth. Unlike every movement of population to date, no humans or other species would be harmed or displaced.


Through on-going research at the Space Studies Institute at Princeton University most of the technological problems of  space colonies have been solved save one: the astronomical cost of building them. Current proposals for reducing the building costs involve boot-strapping manufacturing facilities to use lunar resources.


The primary  cost of constructing a space colony derives from the extremely energy intensive process of bringing the materials needed for the construction of  a mining base on the moon and/or space colony out of earth's atmosphere. It costs approximately $100,000 per kilogram to transport cargo into space. Even when a reusable space vehicle is developed. the lift costs will still hover around $10,000 per kilogram.  Needless to say an extraordinary effort would be needed to construct a full scale, self-sustaining colony. However current developments in computers and nanotechnology may provide a relatively inexpensive method to construct space infrastructure and human colonies.


Lift costs could be reduced using a space elevator. However, no reproducible materials are strong enough to endure the high tensions put on the shaft. Carbon nanotubes according to the 2002, October 5th issue of Science News could overcome this problem. A space elevator with its center in geosyncronous orbit could lift materials and people to twice that height. This could be constructed with carbon nanotubes or another super strong material and would provide cheap transport to a high earth orbit where payloads could be jettisoned easily to the moon, or anywhere else in the solar system. 


I believe that with advances in replicating nanotechnology a new method of lunar bootstrap colonization could become viable. The initial cost of colonization would be in the millions rather than the billions.


First a small space probe could be sent, through conventional means or though the space elevator, to the moon. When it lands on the moon it would deploy nanobots suited to 1/6 G's, 0 pressure, and high radiation. While the probe itself would contain the primary computer it would be in constant communication with the Earth, provided that communication satellites orbit the moon. The construction of the solar diodes and other machinery could be produced entirely from the moon rocks. (A site with diverse elements and compounds would be chosen for the mine.) The probe could be micromanaged by people and computers stationed on the earth. The probe could release microbots which would be microscopic and intelligent. These microbots would control the nanobots and would be managed by the probe, forming a robotic hierarchy built to effectively manage all of the projects the nanomachines would undertake. The larger, more intelligent microbots could be used to triangulate the nanobots' position, provide direction and order for the nanobots. This would increase the efficiency of all nanoproduction on both Earth and in space.  Microbots could curb rogue nanoreplication through a collective intelligence, and prevent this disaster entirely. These microbots could send out certain signals telling the nanobots when and where to reproduce. This would place the reproduction rate of the base of this pyramid indirectly into the hands of humans controlling the operation. These microbots along with the space probe could be produced  by the nanobots, along with all other equipment on the moon.


To ensure success,  multiple probes would be launched to multiple sites. The nanoreplicators would reproduce in the mineral rich moon rock and would construct the entire power network and mining operation. Processes on the moon would take moon rock from refining to partially assembled final products that fit in the rail launchers. These launchers would be around half a meter in diameter. Refining the moon rock could be done by electrolysis if it were impossible to accomplish through nanomachines. By applying the idea that everything could be done at the nanoscopic level to an extreme,  the buckets could even  be equipped with ion or chemical retrorockets to get them to the construction site. When the buckets got to low earth orbit, it would be very easy for a small number of human workers, robots, or nanobots, to fuse the partially assembled materials with blowtorches or nanotechnology. Solar power plants could be constructed in geosynchronous obit and could transmit electricity  in the form of microwave radiation to receiving stations on earth, to provide a pollution free form of electricity. Once the population on earth has stabilized it would be easier to build industrial infrastructure based on reusable energy sources and fusion.


All of the resources needed to build and sustain permanent space colonies are on the moon. This technique could also be used for the majority of celestial bodies, with the exception of bodies too hot or too massive to manage. 


Long term space colonization will commence many decades, even centuries in the future, and will be dominated by fully automated nano, micro and macro robots.  In a century beyond this one we will have tamed space. After space has been colonized and much of the moons and asteroids have been transformed into space colonies that orbit the sun and contain sustainable ecosystems with controlled sunlight and climate, the world will look to the colonization of other Solar systems. Like the initial colonization of space the colonization of other solar systems will be completed by machines that build themselves utilizing indigenous elements and compounds. But this colonization will take place on a scale completely unprecedented on all scales, and will require no micromanagement from people/computers that orbit the sun, but discrete thinking entities stored in the "Seed probes." Millions, billions, even trillions of these probes could be launched at very high velocities all over the universe, and when they reach their targets they will build colonies and expand the reach of civilization at something comparable to the speed of light. Thus overpopulation may never be a problem again.

