Student questions for Dr. Kevin Cannon:

Based on Dr. Cannon’s chart it looks like moon has very little heavy metal compared to
Earth. Is it worth it to do heavy mining on the moon or should we just collect loose regolith
suffice?

The heavy metals are part of the minerals and rocks that make up the regolith, so
would need to be extracted from regolith with extremely energy-intensive processing.
Worth it to who? If someone is willing to pay for those metals at a rate that exceeds the
cost to extract them, then it’s “worth it” by definition.

For the Molten Regolith Electrolysis process, to generate 1 Litre Oxygen, how much regolith
is needed to be processed roughly?

1 liter of oxygen at standard pressure masses 0.0014 kg. The regolith is around 42%
oxygen by mass, so it would take 0.0033 kg of regolith to produce that much oxygen.

What are the primary resources on the Moon that an ISRU facility on the Lunar surface
would utilize for building large structures and 3D printing for lunar colony?

For large structures you’d want to use the most abundant resources that require the
least amount of energy to extract. That will probably be some combination of
aluminum, iron, silicon, and the raw regolith itself, for example as a filler inside of
hollow walls.

What technological advancements are required to make lunar helium-3 extraction feasible
on a large scale?

1. Industrial excavation equipment that can dig up many thousands of tons of regolith
before needing maintenance. 2. Gas collection equipment to capture a large fraction
of the gases evolved by heating and/or agitating the regolith. 3. Gas separation
technology to separate the helium from all the other gases that will come off the
regolith, and then to separate the He-3 from He-4.

To the guest speaker: does it matter how level the pads are (to some extent)? And how level
can the pads be made?

Yes, requirements for flatness, smoothness etc. will come from the lander companies
(e.g., SpaceX, Blue Origin) and are a function of their vehicle parameters and their
landing concept of operations. Achieving a better leveling is probably more to do with
site preparation (i.e., cut and fill operations) before the actual pad is made.

How does Ethos Space ensure that the regolith melting and extraction processes do not
adversely affect the lunar environment?

What does it mean to adversely affect the lunar environment? According to who? The
Moon has no ecosystem, no groundwater, to atmosphere to pollute. This is more of a
philosophical question: do the asteroids that collide with the Moon adversely affect
the lunar environment?



What are the key challenges in scaling up the regolith melting process for large-scale pad
construction on the Moon?

The key challenges are power infrastructure, cooling, and maintenance/part
replacement. Probably heat rejection and management are the hardest problem,
requiring active liquid cooling and large radiators.

Beyond landing pads, are there other infrastructure projects Ethos Space is considering for
lunar development?

We are considering everything needed to create a functional spaceport, including
power, roads, ice mining, etc.

For Dr. Kevin Cannon, how long does it take to make one of these launch pads to
completion?

We anticipate a 100 meter diameter pad can be constructed in around 175-200 Earth
days.

For the guest speaker, if ice is rare on the poles, how would we generate water for the lunar
colony?

Will there be a permanently occupied lunar colony? Doubtful in my mind. A scientific
outpost like Antarctica, or hotels? Sure. But there is currently zero demonstrated
demand for permanent settlements on the Moon. Right now the ISS re-uses about 90%
of the water on station, and this can be improved to get close to 100%. Water is not
going to be used for life support for the most part: its main use is splitting it into H2
and O2 for propellant.

For the guest speaker, how would the solar sail material that is made on the moon be
constructed in space to make the solar shade?
This is an open question.

For the guest speaker, how much energy does molten regolith electrolysis require? Do you
see that energy requirement dropping over time as the technology develops?

The energy comes from heating up regolith, supplying the latent heat of melting, then
breaking the relevant metal-oxygen bonds. The all-in energy cost is likely around 22 kJ
per gram of oxygen, without accounting for inefficiencies.

With respect to Etho’s missions, I’m curious why nuclear fuel was less attractive? | would
imagine its from a policy perspective, but the high thermal waste from the RTG almost
seems like a pretty useful heat source for melting regolith for landing pad formation.

We don’t anticipate nuclear reactors at the MW scale will be ready on the Moon until
the mid 2030s at the earliest. Waste heat could be useful, but with process heat the
question is always what temperature itis.

Question for Kevin Cannon: Ethos is working on using lunar regolith to construct
infrastructure like landing pads. Beyond landing sites, what are the next major structures



you foresee being built with in-situ materials, and what are the biggest engineering hurdles
in scaling up lunar construction?"

The next structures might be more robust landing/launch infrastructure, for example
flame trenches and a Mechazilla-like tower to move vehicles on/off the pad. Habitats,
or more likely hotels might come after that. A Starship is a pretty good temporary
habitat though.

Are the polar regions of the Moon (for example the south pole) flat, which is why the
surrounding landscape prevents exposure to the Sun 100% of the time? Is there no peak
thatis always illuminated?

No, the entire Moon is heavily cratered and there are no truly flat areas, especially at
kilometer or larger scales. A raised crater rim will block the sun at the poles from
shining down into the crater floor, and that crater rim can be lit up 80% or 90% of the
time, but there are topographic highs at the horizon that create shadowing.

If at one point the Moon was a hot molten body, which cooled over time, how did the ice
deposits form without it having been liquid at some point? | ask because Dr. Cannon's
presentation stated that the Moon had "...No history of liquid water"

Water gets delivered to the lunar environment by impacts of water-rich asteroids and
comets, and by volcanic eruptions from the interior. For a large enough event (impact
or eruption), a temporary atmosphere will form around the Moon, and the water and
other volatiles like CO2 in this atmosphere can be cold trapped at the surface of the
polar craters.

For Dr. Cannon: Are inadvertent collateral effects of the Sun Shade being considered?
Such as....
- Impacts to Earth's plant life, which would have a cascading effect to all life
- Creating a mindset in people that we don't have to worry about taking of the Earth
- Affecting weather patterns and potential increase of damaging weather events
Yes, these kinds of things are mostly being considered by the Planetary Sunshade
Foundation (http://planetarysunshade.org)

What happens to the launch pads that Ethos Space makes once they host

enough launches that they are deemed no longer safe? Will they try to perform
maintenance on those locations or will they be abandoned?

Both of these are options: it depends on the relative cost of maintenance versus just
making a new pad.

As mentioned during the guest lecture by Dr. Cannon, lunar regolith has a very low thermal
conductivity in vacuum and the current innovation involves applying heating elements at
depth to melt the regolith. How efficient and scalable is the current mining process? Also
can the regolith be used as an effective insulator for maintaining heat?

We belive the process can be scaled to create 100 meter diameter pad-like
structures, and very long roads. The efficiency in converting incoming solar to



electrical energy is going to be around 30%, and closer to 100% for converting that
electricity into heat. There will be some losses for the fraction of that heat that
actually goes into making pad material, maybe 50%. And yes the regolith is an
exceptionally good insulator.



