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Goals not Destinations

It has been proposed that the goals of NASA’s Human Space Flight program should be determined before choosing specific destinations.  It has been further suggested that “Expanding civilization into the Solar System” is one such goal, and is one “worthy of a great nation”.  We strongly agree on both counts.
The new administration has said that NASA should once again be a source of inspiration, and fewer goals could achieve more in terms of inspiring young generations of future scientists, mathematicians and engineers – and for that matter, the public at large in this country and all over the world, than “expanding civilization into the Solar system”.
But for that goal to be accomplished, we cannot afford to do another “Flags and Footprints” mission, whether back to the moon, or later on Mars.  Setting foot on the moon was a worthy goal when our security depended on showing the world that a free society could compete with, and beat, the Soviet Union in a race to the moon.

But we live in very different times, in a world facing very different challenges.  Aside from being a great source of inspiration, expanding civilization into the Solar system will both open up access to limitless resources, as well as teach us much about the science of supporting life in space, and on our own planet.
It also provides a framework for extending the model of the international partnership that has been formed to operate the International Space Station further out into the Solar system.  Besides drawing our world closer together by working together on positive high profile projects, as with the ISS, such a cooperative effort will significantly reduce the costs of our own goals while still allowing us to be a leader in space.

What the Near-Term Goals Should Be
What will do more than anything else to enable us to achieve our long term goals in space, is making whatever path we choose to achieve that goal is economically and politically sustainable.  Any other possibility is likely to result in a replay of the start and stop cycle that has been repeated all too often in the history of America’s space programs.
To be sustainable, any plan must fit within budgets that have a realistic chance of garnering political support, not only when the plans are announced, but year after year.  One thing that has made that difficult in the past is the very high cost of getting things into space, and of operating there.

To significantly reduce the costs associated with space, two things need to happen.  One is reducing the cost of getting from Earth to orbit.  The best way to achieve that is to let free market competition drive down costs.  But first there has to be a market that will rationally justify private investment.
Currently the government is the main consumer in terms of tons to orbit – a situation that is likely to continue for some time into the future.  Consequently, to the greatest degree possible, fostering competition among multiple commercial suppliers to fulfill government requirements should be a major short term goal.  If the government can be made to be a “good customer” - that is being reliable and predictable and not adding unnecessary requirements - private firms and their investors will be willing to bring their own money to the table.  That will make it possible for the government to do more with the funds it has available, while fulfilling its mandate to encourage commercial space wherever possible.
COTS is a very important start in that direction, but efforts to block funds to the existing program should be strongly resisted, and funds should be immediately put in place to start work on the crew delivery part of that program.  To insure that the best solution is selected and that the U.S. has a robust system for access to space, least two companies should be funded through the level of demonstrating crew delivery to the International Space Station.
The second thing that needs to happen is to reduce the costs of operating in space.  Two things militate against that.  One is the idea that we have to launch everything that a mission will need on one rocket to avoid assembly or docking or propellant transfer in orbit.  That leads to vehicles like the Saturn V and the currently proposed Ares V.  The Saturn V was too expensive to continue operating after a few lunar missions, and was cancelled before all of the Apollo missions had been completed.  Ares V could have a similar fate, if it can be made to fit into a realistic budget and schedule in the first place.

There are solutions that do not require such huge rockets and their huge budgets, and those solutions have been known for a long time.  The technologies for in-space propellant transfer, automated docking, and assembly in orbit have been demonstrated for decades, going back to early Soviet space stations and continuing with the ISS and Progress, as well as having been demonstrated by U.S. experiments.  It’s time to bite the bullet and put our effort into bringing these tools to maturity so that as we go into the future, we can do it in a cost-effective way – not in an every few decades burst, followed by financial shock and retreat.

The other solution to reducing the costs of in-space operations is to stop using vehicles one time, then throwing them away.  An example that has been used many times, and for good reason, is one where you take a 747 from Washington DC to Los Angeles, and then scrap the airplane.  Then order a new one for your next trip.  That is essentially what we have been doing since the beginning of the space era.  Fortunately we didn’t follow that paradigm with aviation or else today we could only afford one or two “National Airplanes” operated at enormous expense.
Instead, if we can refuel the vehicles that take us from Low Earth Orbit to the Moon, or to Near Earth Objects and back, or even to the moons of Mars or to Mars itself – then we can reuse them many times.  If we were to reuse an Earth to Moon vehicle 10 times, that would save us the cost of building and launching 9 replacement vehicles.  That is a game-changing development in terms of making our plans in space sustainable.

We can start by transferring propellant in space first, and then we can demonstrate the technologies for storing propellants in depots.  Nothing magical has to be invented, only technologies that we already know how to do need to be brought to the appropriate technology readiness level.

It is important to note that once depots are in use, they can also go a long way toward solving the first goal of making getting into orbit affordable by providing a huge (by comparison to the existing situation) market for launching propellant from Earth to LEO.  A big market can bring about higher flight rates, driving down costs significantly through economies of scale and through competition between providers.
If we keep putting developments like these off, space will keep being far too expensive for anyone but nations to do – and then only for very limited purposes.  But if we want to ever “Expand Civilization into the Solar System”, the time to start building the infrastructure elements that will make that practical and sustainable is now.
Longer Term Goals

We need to demonstrate, in space, that we know how to keep people alive and healthy for prolonged periods of time, not just for months but for years.  In the short run, this will be necessary for trips to destinations like NEOs or Mars.  In the longer term, if we are to be a space utilizing civilization, people will be spending years of their lives, and eventually for some their whole lives, in space.
Currently we do not have life support systems that will support that, or know how to build closed ecosystems that will run reliably for years.  Nor do we know what the really long term effects of micro or partial gravity or of deep space radiation are on the body.  We need to build and operate facilities dedicated to finding out the answers and we must find ways to mitigate the deleterious effects.  The knowledge gained in solving these problems can also help mitigate problems we face here on Earth.
We also need to develop sources of power that will allow us to move about the solar system much more quickly, and operate in situations where sunlight is not strong enough to be a practical energy source or is too intermittent to be counted on.

Summary

1. Choose a path forward that begins with developing the tools that will reduce costs, in order to make that path affordable and economically and politically sustainable.

2. Fully fund COTS-D now and bring it along to operational status as soon as possible, with more than one provider.

3. Mature automated docking, propellant transfer, and depots.

4. Ensure that re-usable in-space vehicles, made possible by point 3, are integral to the plan.
5. Restore a centrifuge facility (previously planned but cancelled) to the ISS for life sciences.

6. Demonstrate in the space environment life support systems suitable for long duration space voyages or stays in space, including ways of mitigating radiation damage to personnel.

7. Survey existing alternatives for fission and fusion power sources that inherently have the capability of being small and light enough for space use, and can be operated safely and reliably enough for human spaceflight.  Reactors for space can have very different requirements than Earth-bound reactors, which may make some approaches that have not been developed for Earth applications practical for space.  Developing one or more such power sources would be another game-changer of immense importance.  And while space reactors may have different requirements from Earth-bound powerplants, what we learn from developing them may have great practical benefit in dealing with our country’s, and the planet’s, energy needs.
8. Start funding in-situ resource utilization (ISRU) at a pace that will make the needed hardware actually available at the time it is needed.  This is something that is essential for the goal of expanding civilization into the Solar System, so it is unwise put off funding it to some future point that never arrives.   Make prospecting for resources that may be useful for ISRU, for both current needs (propellants, oxygen for breathing, etc), and for long term expansion a part of all applicable exploration plans.

Conclusion

Speaking as a representative of the growing Space Tourism industry, many of the above recommendations are directly enabling for Space Tourism. They can help insure that one day ordinary citizens can actually afford to go to space.  Contrary to popular belief, that doesn’t “violate the laws of physics”.  Think of what the reception would have been if you had said in 1903, that some day anyone could afford to fly across the Atlantic or Pacific Oceans for a vacation.  And return – safely.

Achieving the equivalent of that in space will be accomplished over a long period of time in a step by step way.  But doing things in space the way we’ve always done them, will result in costs being as unaffordable as they’ve always been.
Now is the time to start doing space as though you wanted to go there, and had to buy the ticket yourself. 
