The Benefits to Commercial Companies of the Lunar COTS Programs

Credit: Much of this information came from the presentation in the Future In-space Operations archive 
by Bryon Benedict (Intelsat General) on Nov. 13, 2013 titled 
"Rational for Need of In-Orbit Servicing Capabilities for GEO Spacecraft".
The Five Categories of Benefits

· Benefits extending from the Proposed Lunar COTS programs
· Orbit transfer opportunities
· Ongoing orbit servicing opportunities

· Opportunistic business opportunities

· Special business opportunities
Benefits Extending from the Proposed NASA Lunar COTS Programs
· Milestone Payments - Receiving milestone payments before the full completion of each program ensures that the participating companies will limit the extent to which they bear financial risk by the amount of up-front capital they must put up before receiving some return on their investment.  Their time to return on investment would be reduced significantly.
· Anchor Tenant - The Commercial Cis-lunar Supply Service (C2S2) Program ensures that there is a guaranteed initial "market" in that NASA plays the role as anchor tenant.

· NASA Support - Access to NASA's expertise and facilities reduces the costs of securing or developing those abilities.  Such resources may be unique to NASA.

· Self-support – The lunar polar propellant produced would first be used for one’s own transportation system greatly reducing the costs of operations.  Fortunately, the orbital mechanics is such that aerobraking from an EML propellant depot allows large loads to be delivered to LEO for relatively little delta-v (i.e. about .7 km/sec).  Meanwhile the uphill trip from LEO back to the propellant depot at EML would be easier due to the significantly reduced mass.
· Water as Initial Product - NASA could designate water at EML1 (for shielding) as an early C2S2 requirement thereby giving companies additional time to develop on-orbit electrolysis and cryogenic storage capability.

· Ongoing NASA Needs - Beyond the Lunar COTS programs, NASA will have an ongoing need for propulsion and shielding service for missions beyond LEO such as interplanetary probes and crewed missions.  One could anticipate that NASA will continue to have these needs for the indefinite future.  This represents significant business opportunities for those companies that develop their cis-lunar transportation infrastructure starting with the Lunar COTS programs.  Similarly, this service could be sold to other countries as well.
· EML Station - There are frequent suggestions that NASA could establish a small EML station for research and operations outside of Earth's magnetic field.  Cis-lunar transportation companies established during the Lunar COTS programs could supply such a station with shielding and propellant and boost astronauts and commercial crew 

Orbital Transfer Opportunities
· Boosting from LEO to GEO - The ability for cis-lunar orbital transfer vehicles (OTVs) to push satellites from LEO to GEO means that such satellites can be larger.

· Boosting All Electric Vehicles - Even all-electric vehicles would benefit from a boost from LEO to GEO because this would leave them with more propellant for extended lifetimes.  Such satellite owners would face little risk because they could either receive transfer services from the OTVs or use their own ion propulsion.  This could be an important transition business model because all electric satellites would not be critically dependent upon the availability of OTV boosting service, rather, the availability of those services would only be a plus.  With this low-risk, perhaps they would be willing to give a commitment to the use of the boosting service if it exists.  This would provide an assurance of commercial business which could help the financing effort of those companies participating in the Lunar COTS programs.
· Extending Satellite Life - A cis-lunar transportation infrastructure would allow communications satellites to use for ongoing station-keeping that amount of propellant they would normally have to use to push their satellite into the graveyard orbit.  This would extend the life of the satellite and hence generate more revenue.

· Delaying Satellite Replacements - Satellite owners could delay the development and launch of replacement satellites if the life of their current satellite were extended.  This would delay expenses and allow the eventually launched replacement satellite to include more advanced technology.
· Delayed Expense for Graveyard Propellant - A satellite owner doesn't have to pay for graveyard propellant up front only to be used 10-15 years later.  So there's also the compounded interest of that investment.


On-orbit Services
· Replacement Services - In the future, with manipulators on the OTVs and the ability to dock with supply launches at LEO, a single OTV mission through the GEO belt could replace batteries, update electronics, and refuel with station-keeping ion propellant for several GEO craft.

· Clearing Orbital Debris – Since the OTVs would be coming from a propellant depot at an EML station, orbital plane changes would be fairly inexpensive.  With thoughtful planning, the OTV could grab and push LEO orbital debris near the destination inclination into rapidly decaying orbits for disposal.  Given the interest in clearing orbital space and the potential liability, this may represent an additional business opportunities.

Opportunistic Services (i.e. business opportunities which cannot be specifically predicted but would be important windfalls when they do occur)

· Satellite Recovery - It has been stated that there are about 2-3 incidents per year in which an on-orbit service would be useful.  In these cases the entire value of the satellite and its future revenue are at risk.  This could be due to the failure of a booster (e.g. Russia's Phobos-Grunt) or a maldeployed antenna or solar panels.  
· Reducing Launch Insurance - Given the great value at risk, satellite companies and insurance companies would be most interested in receiving satellite servicing.  Just the availability of such a service could significantly reduce the cost of insurance across the industry.  Each disabled satellite recovered represents about $200 to $400 million each not counting future revenue lost with government launches worth more.
· Reducing Testing Costs - The cost of testing satellites before the launch could perhaps be reduced somewhat because of the availability to recover in the event of several modes of failure.
Special Business opportunities
· Junk Removal at GEO - The presence itself of a service to move a disabled satellite from the GEO belt could change the liability landscape thereby generating a need for the removal to a junk orbit of the estimated 70% of GEO objects which are "dead".
· Lunar Tourism -  Given that OTVs would be reusable from the start and could be modifications of existing, reliable upper stages, the cost of OTVs pushing capsules from LEO through a lunar flyby trajectory, such an additional tourist experience beyond LEO might be financially and experientially very attractive to a significant percentage of LEO tourists.  One could expect this business opportunity to grow in parallel with the LEO tourism industry.  

Each craft launched into the cis-lunar transportation infrastructure would itself get a significant amount of flight experience before an eventual irreparable breakdown at which a failure mode could be identified.  Therefore, human-rating the craft could be accomplished with relatively few launches.  This means that sending crew and later tourists to the lunar surface could occur after relatively few launches.
· GEO Communications Complex - With the ability to boost Earth-launched hardware from LEO to GEO, one could conceive of the possibility of the establishment of ISS-sized GEO communications complexes that are continually updated and would provide phenomenal high-speed video services.  The OTVs could also boost crew up to the GEO complexes as needed.  The lunar surface operations could also provide water for shielding at the GEO communications complexes
· Bulky Metal Parts - Later, bulky metal parts could be produced at the lunar ice-harvesting base and brought up from the Moon's much lower gravity well using the established cis-lunar transportation infrastructure.  Such bulky metal parts could also form the basis for other ventures involving on-orbit habitats and large power generation systems.

