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Note:

These charts replace charts 71 – 82 
of Part 1.
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The Critical Issues for developing a lunar settlement 

are Motivation and Money

• Why would we colonize the Moon, planets or space itself?

1. To preserve humankind if the Earth becomes 

uninhabitable

2. To explore and experience new lands

3. To gain new scientific understanding

4. To have fun and make money, lots and lots of money

• Who is going to pay for it?

– Possibly all of us collectively (hasn’t worked very well so far), or 
possibly whoever wants a new way to make lots and lots of $$$

If people are going to live and work in space, on the Moon, Mars, or anywhere in 

the solar system, who is going to pay for it, and why?   It’s not cheap, so what 

will these people do for a living other than eat, sleep, and pick up rocks? 

• Most discussions of space colonization focus on technology issues 
such as where we could live or how we would get there

• But what we truly need for space colonization are motivation and money

These are real, but 

aren't seen as critical 

or needed immedi-

ately by most of the 

people around us.

A less lofty goal, 

but one that is 

easily understood 

by most people.

Colonists anywhere in space will earn a living by doing whatever it is 

that either generates income in excess of cost or that others will pay for.
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0-4

• Internal income = Income from running the settlement and living on 

the Moon

– Agriculture

– Restaurants

– Homes and living quarters

– Transportation

– Air, power, and water

• External Income = Income from sources not needed to keep the 

settlement going

– What can the settlement do for sell to the rest of the world

– Examples:

• Tourism

• Materials uniquely available on the Moon (He3)

• Lots of examples given later

Creating Income

Selene has more ways to generate external income than any city or country 

on Earth.  This can create a successful and prosperous lunar settlement.
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The People Conundrum

• For lunar space programs, people are both a major driver of high cost and 

a major source of cost reduction

• For a single experiment, such as the IM-1 first commercial mission to the 

Moon, the cost of making it a human mission would have been 

dramatically high and prevented the mission from occurring

• However, had it landed close to a lunar settlement, the cost of sending 

someone to put the spacecraft upright would have been very small

• The cost of a lunar enclosure and the resulting protection from vacuum, 

radiation, and thermal extremes depends almost not at all on how many 

people are living inside the enclosure

• As the number of people increases, the cost per person for food and 

services (such as clean water or medical care) decreases

• People that spend $1M or more for a lunar vacation, won’t make their 

own bed, clean their bathroom, or vacuum the hallway

• We also don’t want to invent a robot to do this

People are a major source of high cost and also a major element of cost 

reduction.  Going from “selenauts” to “people” is a key part of the solution.

5
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Economic Model for a 

Traditional Lunar Colony 

• Use Peter Eckart’s PhD thesis while he was at JSC 

as the basis for costing a traditional lunar colony

• Non-Recurring Cost to Set Up the Colony:

• Recurring Annual Cost to Maintain the Colony:

• A 1,000-person traditional lunar colony would cost approximately $4,000 billion to 

create, $3,000 billion to get to the Moon, and $500 billion/yr to support.

Per Person 8 People 1,000 People

Development & Acquisition 40t  =  $4B 320t  =  $32B 42,000t  =  $4,000B

Transportation Cost $3B $25B $3,200B

Per Person 8 People 1,000 People

Transportation Cost (resupply & crew 
exchange every 3 months)

3t  =  
$250M/yr

24t  =  
$2B/yr

3,000t  =  
$250B/yr

Personnel Cost

 On the Moon

 Earth Support (Crew x 5)

$240M/yr

$0.75M/yr

$1,920M/yr

$6M/yr

$240B/yr

$0.75B/yr

Colony cost is driven by both 

the cost of the transportation 

and the cost of the stuff.

BOTTOM LINE:  Realistically, it simply isn’t worth the high cost and moderate 

utility.  Dramatic cost reduction and increased utility is needed for both 

transportation and equipment.

6
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Reducing Transportation Cost Drives

both System and Personnel Costs 

• Transportation cost is critical, but can be dramatically reduced

— Cost to go the Moon is ~8 times the cost to LEO or ~$80,000/kg

• Using O2 from the lunar regolith can reduce this by a factor of ~6

— 300 launches/year contributes an additional factor of 3 cost reduction 
due to economies of scale (using a 90% learning curve)

— Advanced technology launch cost reduction by factor of 2 to 5

• Possible sources:  Air launch, reusables, low-cost expendable

• SpaceX estimates “Starship” cost reduction by a factor of 50 - 200

— Net total cost reduction by factor of 35 to 200; assume for now a 
factor of 50

— Reduced cost to the Moon = $1,600/kg  =  $725/lb  =  $45/oz  
=  $1.6 million/metric ton and $2,000/kg round trip fare

— This should remain an independent variable in our analysis

• Round-Trip Rocket Fare by personnel class:

— Tourist/visitor (economy class)  =  150 kg on the Moon  =  $300K

— Tourist/visitor (first class)  =  250 kg on the Moon  =  $500K

— Office worker/bureaucrat  =  500 kg on the Moon  =  $1M

— Construction worker/explorer  =  1–2.5 tons on the Moon  =  $2M–$5M

— Office/construction supplies are essentially all one way

This is 

key.

7
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O’Neill Lunar Colony

Selene Cost Model

• Non-Recurring Cost to Set Up the Lunar Colony

 

• Recurring Annual Cost

 

Our 1,000-person lunar colony now costs $3B to create, $13B to get to the 

Moon over several years, and $2B/yr to support, with no more than 10% 

from one company or country.

And, as we’ll discuss later, generating over $100 Billion/yr in income.

Category Per Office or Service Worker Per Explorer 1,000 People

Development and Acquisition 0.5t = $0.5M 2.5t = $2.5M 1,200t = $1.2B

Additional “Colony” Equipment — — 800t = $0.8B

Transportation Cost (low-cost) $0.8M $4.0M $3.2B

Nitrogen Tax (250,000 × $40,000) — — $10B

Category Per Office or Service Worker Per Explorer 1,000 People

Transportation Cost (resupply & 

crew exchange every 3 years)

0.2t = $0.3M/yr 1.0t = $1.5M/yr 500t = $0.8B/yr

Personnel Cost—On the Moon $0.15M/yr $1.2M/yr $150M/yr

Misc. equipment/Nitrogen resupply — — 600t = $1B/yr

8

Bottom line—Any business that can work at 2–3 times the 

personnel cost in the US can be successful on the Moon.
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Personnel Cost and 

Economic Sustainability

• Assume workers stay from 1 to 5 years, with a mean stay of 3 years. This implies 

an additional $10K to $30K per month per worker for transportation.

— Implies labor costs on the Moon 2 to 5 times US labor costs

To be economically self-sustaining, we have to create a lunar colony that gener-

ates more income than cost with lunar labor rates 2 to 5 times those in the US.

•    Use existing lunar resources in a cost-effective fashion, not for anything complex

Use lunar material for massive, simple structures and objects

The colonies themselves—structure (aluminum & glass) and radiation 

shielding (regolith)—and simple stuff like tables and chairs

Use lunar H2O and O2—sadly, lunar colony will need to import lots of N2

Anything complex is bought commercially and brought from Earth

•   Share the cost by engaging multiple stakeholders, sponsors, and entrepreneurs

Many reasons for funding—national pride, education, science, exploration, 

settlement, advertising, personal adventure, and profit – lots of it

Principal requirement for financial success is to be able to support workers (or 

yourself) with a labor rate 2 to 5 times that in the US

High, but not insurmountable, cost for countries, companies, and individuals

In this model, lunar colonization is much more like settling California

than building the International Space Station.

9



Copyright 2025 Microcosm, Inc.                                                           Reinventing Space: Low-Cost, Profit-Making Lunar Settlement

View of the Earth from Large 

Window in Selene

From any given location on the Moon, the Earth remains in a nearly fixed location in the 
lunar sky, is 4 times the size of the Moon as seen from Earth, and about 50 times brighter

10
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Generating Income.  When Fully Underway, Selene should generate 

an Estimated Annual External Income of $100 Billion or more

0-11

Source Basis (per year) Annual Income

Tourism 600 tourists/mon = 7,000/year@ $1M–$2M each $7B–$14B

Space Burial 100,000 to 500,000@$5K–$20K each $0.5B–$10B

Helium-3 10–30 tons @ $3B/ton $30B–$90B

Diplomats/National Representatives 400 people $1.0M/person $0.4B

Sports, entertainment and the Arts ??? $2B–$10B

Mining/Minerals (except 3He)  ??? $2B–$10B

Science Astronomy, Geology, Biology, Physics, Chemistry $2B–$5B

The Moon Wheel for low-g biology ??? Basic science needed for solar system exploration $1B

Weddings and Ceremonies 26/year @ $50M - $150M each $2.5B

Solar System Exploration 20% of NASA budget + commercial $5B

Solar Power Satellites 2–10 @$8.5B each $17B–$85B

Knowledge Preservation (Lunar Library) ??? $0.5B–$1B

Manufacturing
Low and 0-g manufacturing, structural components for use in 
space

$2B–$5B

Marketing/Co-Branding (Separate estimate available) $35B–$200B

Total Annual External Income $106B–$408B
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Lunar Village Population Estimate

12

Group Start-Up Mature Where

ILU

Students 2 40 In+Out

Staff 10 Inside

Medical/science 3 20 Inside

Tourism center

Tourists 3 100 Inside

Staff 1 50 Inside

Outside Tours 1 30 Outside

Religious center 10 Inside

Embassies 400 Inside

LUNYWOOD:
Marketing/Advertising 2 20 In+Out

Construction 12 100 In+Out

Repair and trade 2 12 Inside

Farm and food chain

Farmers 1 15 Inside

Food chain 3 Inside

Cooks/delivery 2 30 Inside

Memorial park 5 In+Out

Library 5 In+Out

Far side observatory 8 Outside

Mining 4 30 Outside

Administration

Air, power, water 4 15 In+Out

Police 3 Inside

Administration 1 8 Inside

Miscellaneous 2 25 In+Out

Inside Total 24 766 Inside

Outside Total 16 173 Outside

Total 40 939



Copyright 2025 Microcosm, Inc.                                                           Reinventing Space: Low-Cost, Profit-Making Lunar Settlement

NASA Lunar Exploration Commercial Objectives - 1
0-13
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NASA Lunar Exploration Commercial Objectives - 2

0-14
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NASA Lunar Exploration Commercial Objectives - 3

This 3-page list has 14 Commercial Objectives vs. 13 Income Sources on the prior table.  

About half of the income sources are in common between the two tables.

0-15

The “NASA Lunar Objectives” reference from 2006 has several hundred objectives 

organized into 24 categories.
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What Would a Tourist Do on the Moon?

• Sit, stand, walk—at 1/6th your weight and falling more slowly than on 
Earth—every moment you’ll know you’re on the Moon

• Literally watch the Earth turn as the terminator stays fixed and, over the 
course of 3 hours, New York, Denver, then Los Angeles cross the sunset 
line into darkness

• Tour the mountains, maria, rills, and craters, some over 100 km across

• Recreation—running, diving, swimming, gymnastics, basketball (no golf)

• Performances— performers, and athletes who hang in the air forever 

– If you can jump 18 inches on Earth, you can likely jump 20 ft on the 
Moon and stay in the air for 6 sec

• Use a small telescope to see places on Earth you’ve never seen and views 
of the planets, nebulae, and galaxies with a clarity you've never seen

• Visit the Far Side Observatory, where you can see a side of the Moon no 
one on Earth has ever seen and, at night, look at a sky that is blacker than 
any on Earth

• Try on a space suit and walk on the lunar surface in the vacuum of space

• Try food from around the world cooked by people from around the world 
and try lunar veggie burgers (perhaps not a gourmet treat)

• And, of course, spend time in bed with you and your partner both 
weighing 1/6th of what you do on Earth

0-16
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What Does the Portuguese Ambassador to the 

Moon (PAM) Do to Keep Busy?

• Like all ambassadors, the first job is to take care of the problems and 

concerns of wealthy (and likely fussy) Portuguese tourists

• Talk in real time (with a 2 sec round-trip delay) to every middle school and 

high school class in Portugal, telling them what living on the Moon is like

– In Portuguese, NOT in English or Spanish or French

– Compare it to locations or scenes in Portugal

– Watch a ball tossed in the air at the same time as the classroom kids

–  Show them what Portugal looks like as seen from the Moon

– Convince the schoolkids that they want to help make Portugal a part 

of the expansion of humankind into the solar system

• Work with companies and countries to find ways to make Portugal a part 

of the Solar System economy

• Show others back on Earth the view out the window or, at night, the 

surface of the Moon in Earthlight

• In the evening, he or she runs the Portuguese restaurant to convince 

wealthy tourists from elsewhere in the world to visit beautiful Portugal

The Portuguese Ambassador to the Moon has one of the most sought-after 

jobs in the Portuguese government and stays remarkably busy.

0-17
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The Tycho Memorial Park – An example of what 

could be a Part of the Economic Start-Up

• The crater Tycho is hardly visible from Earth most of the month, but at Full 
Moon it becomes the single most identifiable location in the Universe 
(Tycho is the crater in the bottom center of the photo on the left), visible 
from everywhere on Earth (over a 24-hour period) where there’s a clear sky

• The Tycho Memorial Park, in the mountains at the crater’s center, will have 
small vials of ashes of people from around the world, perhaps some of your 
relatives, at a place in the heavens that can be seen by everyone on Earth

0-18
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For a Short Moment, 

Think About the Past Instead of the Future

• For the moment, forget about astronautics and spaceflight and the future 
and think about the past—are there people that you want to remember, 
who have died?

– The victims of the Holocaust

– Pres. Kennedy or Martin Luther King or others who are heroes for you

– Your own relatives who have died, your parents or grandparents, or a 
sibling, child, or friend

• At the next Full Moon take 1 minute and go outside and look at the Moon 
and think about those that you want most to remember

– Look for the crater Tycho—the most visible and identifiable location in 
all the heavens—& think about people who meant a lot to all of us or to 
you personally

– What if there were a memorial to them, a small amount of ashes or a 
DNA sample, right there in the middle of the Crater Tycho, that would 
stay there, not just for hundreds of years, but for millions of years

Tycho is a unique location for those of us that still live on Earth, and there is 

the possibility that YOU could stand on the rim of Tycho and see the Earth 

overhead and mountains in the middle with a memorial for all of those who 

have gone before and made possible our expansion into the solar system.

0-19
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He3 Used for Pollution-Free Global 

Energy and Very High Income

• Nuclear fusion using He3 is a potential source of global electric power 
with no radioactive waste

• He3 is available in the lunar regolith, but not on the Earth

• Contained in the solar wind and deposited on both the Earth and 

Moon in very low densities

• On the Earth, the atmosphere and the surface are changing 

continuously and the He3 is effectively lost

• On the Moon, the regolith is stable and accumulates He3 over a 

period of hundreds of millions of years

• Density is still very low, but it can be mined

• Due to unavailability on Earth, very little effort has gone into creating a 

practical He3 nuclear fusion reactor

• Not certain how efficient the nuclear reactor will be

• Positive assessment based in part on work by former geologist, 

Apollo 17 astronaut, and US Senator Harrison Schmitt

• Result is clean energy for Earth (no radioactive waste) plus income of 

$30B to $90B/yr for 10 to 30 tons/yr of He3 from lunar regolith at $3B/ton

20
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Weddings and Ceremonies

• Ceremonies and activities that could lake place on the Moon

• Weddings

• Honeymoons

• Inaugurations

• Anniversaries

• Global announcements

• Religious ceremonies

• Main purpose of holding the event on the Moon is to show off the wealth and 

power of the people involved or the importance of the event

• Holding the event on the Moon gives it a level of prestige that is 

difficult to come by any other way

• Goal is typically not to make them low cost, but to demonstrate 

extravagance and importance of the event

21

Ceremonies held on the Moon are likely to be watched by people 

around the world.
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The Lunar Gravitational Biology Wheel

• We know that adults can live and work in 0-g for a year

– What about babies or 5-year olds in 1/6th g?

– Can a person come back to Earth after 10 years in 1/6th g?  Can a child spend 

their first 5 years on the Moon and then come down to Earth?

– The bottom line is that we simply don’t know – we’ve never done it !!

• The Lunar Gravitational Biology Wheel would be sitting essentially flat on the lunar 

surface and rotating at a few rpm to provide a long-term artificial gravity from 

roughly 0.2g to 1.2g, depending on how close you are to the axis of the wheel

– A Biology Wheel 100 m (330 ft) in diameter would have to rotate at 4.2 rpm to 

create an acceleration at the rim of 1.2g

• If living at 0.16g makes us weaker, does living at 1.2g make us stronger?

• How much low g is reasonable for good health?

• Can old people, like me, live and work better on the Moon

If we’re going to explore the solar system, a lot of low-gravity (and maybe 

high-gravity) science needs to be done.  The Moon is the place to do it.
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Agriculture on the Moon

• There are two elements to agriculture on the Moon

– Answering the scientific question of how different plants (and 

animals) grow in 1/6 g, 1/3 g (Mars), or 1.2 g?

• This is addressed by the Gravitational Biology Wheel and 

needed for the exploration of the solar system

– Growing food on the Moon to feed the lunar population

• There is ample experience on Earth with raising

 plants entirely indoors using artificial lighting

• Need to initially bring food from Earth to keep the

 settlement going while lunar agriculture is getting underway

• Need to bring seeds and small plants and begin raising crops as 

rapidly as possible

• Probably done in an “agriculture basement” below the living area

• Wide variety of crops, but likely no animals initially

I have no idea what Lunar Wine will taste like, but I’d love to try it.

Artemis III will test 

a greenhouse on 

the Moon in 2027.
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Power

• The lunar settlement will need substantial power for experiments, for 
multiple high data rate communications with the Earth, and for all 
activities during the long lunar night

• Three primary sources 

– Solar arrays

– Small nuclear reactor

– He3

• Solar arrays

• Dependable and well understood

• Can point at the Sun with no atmospheric problems

• Will need batteries or other energy storage for long duration night

• Small nuclear reactor

• Currently being built as stand-alone units

• Have been used on submarines for many years

• He3 reactors

• Could use some of the He3 intended for Earth to provide continuous 

power on the Moon

24
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Sports, Entertainment, and the Arts

• Recall that in 1/6 g you weigh 1/6 as much and fall 1/6 as fast

– Dramatically changes how an individual can perform – but we 
don’t really know how it will change, because we’ve never done it

– My guess is that we can jump 20 ft and stay in the air for 6 sec – 
but that’s only a guess

• Sports

– Ability of a trained athlete may be very different from ordinary 
people

– Some games could be fascinating; golf is probably out

– Summer Olympics, Winter Olympics, and Lunar Olympics

• Entertainment and the Arts

– Professional dancing and ballet could be remarkable

25

We simply don’t know how people will be able to perform in lunar gravity. 

 It does seem clear that we’ll need a good-sized facility to find out.
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Advertising, Marketing, and Co-Branding

• This is likely the largest source of income on the Moon

– Approximately 125 million people watch the Superbowl, making it a 
dramatic source of advertising and marketing income

• Roughly 500 million people know about the Superbowl

• In contrast, virtually the entire population of the world, 8.2 billion 

people, know about and regularly see the Moon

• This is 15 times as many people as those who know what the 

Superbowl is

• They cover all of the world’s continents – the Americas, 

Europe, Asia, Africa, and Australia

• You can promote lunar bicycles in all of these locations

• You can physically see the Moon from all of the continents 

and people on the Moon can see all of the continents

26

From the Moon we can market to the entire population of the world 

and all of our customers will know where we are.
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An Example of a typical (and potentially very large)

 Income Source on the Moon

“Hello.  I’m Julie Wellman and I’m 
a graduate student at the 
University of Southern California 
and I’m Laura Koerner, a graduate 
student at Purdue.  We’re both 
working in the brand new and 
exciting field of gravitational 
biology here near the south pole 
of the Moon.  The terrain here is 
over 100 million years old and is 
pretty rugged, but it’s no problem 
for our all-electric Ford Luna.  Gas 
would be a bit pricy here on the 
Moon, but our Luna uses only 
electricity and is pretty stingy on 
that.  Enjoy the halftime show.  
We’ll check in later to show you 
how the Luna works in this 
terrain.”

Imagine that the Superbowl Halftime Show 

8 or 9 years from now is ready to begin.

0-27

The biggest problem with this ad is the 

number of grad school applicants that 

would show up at Purdue and USC.
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The Consequences of Developing 

Businesses in the Selene Lunar Settlement

If some of these new businesses, and a few we haven’t 

thought of yet, get developed, then we will need to 

expand lunar settlements to a variety of new locations.

0-28
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The Consequences of Developing 

the Selene Lunar Settlement

If the Selene Lunar Settlement is built, then in the not-

too-distant future, one or more of the folks hearing this 

briefing, or reading the charts, or possibly someone that 

works with you or for you (or is you), could be living and 

working on the Moon for several months or a year or 

two.

That would be a pretty remarkable job!

0-29
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