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1. Scouts and Prospectors

These are a fleet of probes that go to potentially interesting NEAs and ping them with all kinds of sensors for understanding their chemical, physical, orbital, rotational and gravitational properties. 

· They are miniaturized as far as possible. 

· Scouts just observe with remote sensing

· Prospectors send back samples, or do on-site analysis

· Both are built with exchangeable modules put together in various ways to fulfill the mission. 

· They are launched from LEO, and may have the capacity to navigate to more than one target NEA. 

2. Infrastructure in LEO

A (probably crewed) space station that acts as staging area for: 

· Receiving supplies from Earths surface

· Receiving building materials arriving from NEAs

· Receiving and tanking fuel and other volatile fluids arriving from NEAs (02, H20, CH4, NH3, etc)

· Assembly of all types of craft required for the operations

· Launch of tugs back to NEAs with mining equipment (and sometimes crews), with fuel coming from NEAs. 

· Launch of scouts and prospectors

· Selling construction and logistics to any other emerging activities in LEO

· Orbital tugs take care of shoving around payloads to and from the station. 

3. Infrastructure at NEA

Digger

Unit down on the surface of the asteroid, that digs in and breaks the material up enough for transport to the processor unit. 

· Digging must avoid stirring up a persistent cloud of debris in orbit around the asteroid due to the low escape velocity.

· Due to low gravity the digger will likely need to be attached to the asteroid with a harness that wraps around the asteroid => alternative: a) stakes or drag anchors in the loose asteroidal “floating pile of rubble”, or b) self-attaching “polyp” that eats its way in and thereby stays attached to the same location. 

· Due to microgravity, traction and surface navigation probems, the digger digs straight down => alternative: it and the surface transport units travel along the lines of the harness

Processor

Unit that takes in raw asteroidal material delivered by the diggers and separates it out into: Iron, nickel, cobalt, PGMs, volatiles and rocky slag. All of them leave the processor. 

· The main chemical processes are the separation and refinement of metals by the carbonyl cycle of the Mond process, simple heating and condensing for the volatiles, and maybe baking or sintering processes for the rocky slag

· Parts of the units are probably spinning in order to be able to use artificial gravity and Coriolis effects for separating purposes. 

· The units orbit the asteroid at a geo-stationary orbit over the spot where the digger operates on the equator

Extruder / Moulder

A subunit within the processor that condenses the metal vapors from the carbonyl process into desired shapes of highly refined metals. Metals are deposited from the vapor wherever heat of the right specific temperature for each metal is added. 

· PGM ingots for dropping on Earth

· heat shields of foam iron

· tailormade shapes of iron/nickel parts for use at LEO

· tailormade parts for building solar driven gas turbines, mass-drives, spare parts for digger and processor, extending the hab, and any other machinery needed on site. 

· tanks for the volatiles

In system material transport and holding. 

· A “beanstalk” connects the digger with the processor in geo-stationary orbit, ie. a space elevator. 

· Rubble from the digger travels up the beanstalk to the processor

· All metal parts coming from the extruder/moulder are sorted and stacked on the outside of the processor for easy external pickup by docking tugs

· Volatiles are tanked, and these tanks also stacked on the outside of the processor for easy pickup by docking tugs

· Some gases are used for jets for station-keeping of the processor and maintaining spin. 

· Slag is baked into large blocks and stacked in orbit nearby for later use as radiation shielding or for increasing counter-mass for an electromagnetic mass-driver. 

· Orbital-tugs take care of shoving around stuff that is free floating. 

=>Alternative: Polar spinner

An alternative to the equatorial digger and geostationary processor connected with a space-elevator “beanstalk” is to have the digger positioned at the pole, and the processor spinning on a cable that spins around the pole perpendicular to the rotational axis of the asteroid, with a counterweight on a similar cable length stretched out on the other side. This creates artificial gravity and allows the material from the digger to get flung along the cable to the processor. 

=>Alternative: Hollowed out NEA?

Energy

· Initially more photovoltaics, but increasingly gas turbines operating off locally produced mirrors. 

· The generators are free floaters in geostationary orbit, always in the sun, each with own station-keeping. Linked up with each other and the beanstalk through umbilicals for the powerlines. 

· Powerline down to the digger is through the beanstalk => alternative: to the poles.  

Habitat

Local mass can be used as counter weight to spin the entire habitat for artificial gravity. The gravity must be high enough, but angular spin must be slow.

· A simple habitat for crews of estimated up to 6 people, spun for artificial gravity. 

· The hab to be expanded as soon as possible to allow a “pressure dock” at the hub, ie. a very large radiation hardened airlock that can take in a tug or any other piece of hardware, then pressurize it and work on it in coveralls (but maybe with masks on). Thereby reduce need for real EVAs. 

· Life-support recycling etc. as and when required and the crews feel like experimenting with it. Otherwise, transfer tugs will bring the noodle soup, chicken, papayas and beans from Earth. Most asteroids will have 02 soon after operations start. 

· Probably attached to spinning parts of Processor, but for security reasons maybe spinning entirely free nearby. 

Mass drive

· Initially transfer tugs will boost back to Earth with fuel processed from the NEA. 

· Locally processed iron is built into a railgun along which the tug-payload stack is accelerated with a chemical first stage that is then recouperated at the end of the rail. 

· And finally refit the whole rail to be operated electro-magnetically, making it a mass-drive, allowing higher delivery of volatiles at LEO. 

· As counterweight the NEA itself will have to serve. 

==> Alternative: Skyhook-type sling-shot? 
Tugs

· Transfer tugs boost and steer payloads from NEA to Earth and back. They are independent and can be configured for a wide range of payload masses with which they simply grapple. They do not have a rendezvous and docking capability, but they are capable of micronavigation in transit in order to insert at correct orbital points. 

· Orbital tugs at LEO and NEA have rendezvous and docking capabilities. They have enough power to move themselves to any object they need to reach in either Earths orbit or NEA orbit. There they grapple with it and provide the micronavigation boosts required for their grappled stack of transfertug/payload to meet up with whatever it needs to meet. Major orbital shoves come from the big engines of the transfer tug, while the orbital tug only provides the pointing and final approach boosts, plus all the required navigational intelligence for micronavigation. 

4. LEO to NEA

1. A stack of Orbital LEO tug + Transfer tug + payload leaves the LEO space station and is maneouvered into orbital position by the orbital tug. 

2. The orbital tug then detaches and returns to the station and refuels. 

3. Transfer tug fires up to transfer orbit to NEA, micronavigates on the way, and decelerates to enter into orbit around the NEA. 

4. Orbital tug at NEA couples with the newly arrived stack and takes care of micronavigation to meet up with infrastructure there. 

5. The whole stack decouples into orbital tug, transfer tug and payload. 

6. Orbital tug refuels

7. Transfer tug refuels for trip to Earth and back back here again. 

8. Payloads will mainly be high-tech spare parts and machinery, robots, life-support consumables, and sometimes also human crews. 

5. NEA to LEO

1. Stack of Orbital NEA-tug + Transfer tug + payload + heatshields leaves the processor and is maneuvered into position by the orbital tug. 

2. Orbital tug then detaches and returns to the processor for refueling

3. Transfer tug fires up to transfer orbit to Earth, micronavigates on the way for correct insertion of bullion into drop-trajectory. 

4. Bullion and its heatshield is detached and flies on to plunge into atmosphere for dropping to Earth (like the Genesis capsule without the parachute). 

5. Transfer tug just on its own or with payloads designated for LEO corrects into trajectory for skimming Earths’ atmosphere to slow down enough to be captured into orbit around Earth. Maybe repeated aero-braking until rounding out into stable orbit that is accessible for the LEO orbital tug. 

6. LEO orbital tug meets up and docks with the newly arrived stack and guides it down to dock with the LEO space station. The main thrusts will be from the transfer tug, with fuel it still has in its tanks from NEA. 

7. The whole stack decouples into orbital tug, transfer tug, payload and heatshields from the aero-braking. 

8. Orbital tug refuels at space station.

9. Transfer tug has enough fuel for return trip to NEA with new payload or just on its own. 

10. Payloads will be PGM bullion for Earth, volatiles for fuels in LEO, metal parts moulded to specifications for construction at LEO, and sometimes crews. 

6. Propulsion and navigation

This above is based on normal present-day propulsion technology and classical navigation. 

· Alternative: Low thrust high impulse propulsion, as with ion-engines, and contour navigation along gravitational “contours”. Possibly a mixed propulsion too: Chemical for escaping LEO, then ion-engines for transfer and insertion into NEA orbit, then again chemical for local micronavigation at the NEA, ion-engines on the way back to Earth, and chemical again for rounding out the aero-braked orbit. 

