
Slide 1 
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Technology 
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“Draw an astronaut walking up to a city on Mars.”
© 2023 Kent Nebergall. All rights reserved.  

 

Hi everyone.  This talk is mainly on the AI revolution and the impacts, good and bad, on Mars 
Settlement and culture.  
When I used AI to generate a picture, the prompt is in the blue bubble at the bottom.   
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Abstract

In just the past year, Artificial Intelligence has exploded in significance for mainstream users. Meanwhile, Elon 
Musk is planning autonomous driving, humanoid robots, and routine flights of Starship in the next three years.  
Nvidia is developing revolutionary data centers specifically to apply AI to scientific and industrial optimization.  
Meanwhile, personal AI workstation setups are also becoming more powerful, democratizing part of the 
progress to independent researchers. 
A similar inventive convergence and attention divergence happened with the classic space age and the 
invention of the microchip around 1970.  A society that expected moon bases by the 1980’s instead got 
personal computers.  In the long term, a society that had grown accustomed to looking skyward for new 
frontiers became obsessed with information and simulation. The microscope replaced the telescope, culturally 
and economically. As with any technology revolution, there will be causes, effects, drivers, and hindrances 
from geopolitics.
By definition, science fiction is an entire genre of literature where even a single technology disruption will 
cause drama in the cultural and personal experience. What happens when such things become real, and what 
opportunities and threats await us this year?  How can we prepare personally, professionally, and as an 
organization for such disruptions?  

© 2023 Kent Nebergall. All rights reserved.  
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Tech Revolution 101

Review

Attention

Convergence

© 2023 Kent Nebergall. All rights reserved.  

 

This is not the first time the space age has been disrupted by a computer revolution.   
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How Tech Revolutions Happen – the S Curve

© 2023 Kent Nebergall. All rights reserved.  

 

Technology tends to go in a logistic curve, or S curve.  There is slow growth, then an 
exponential-looking explosion, which then fades out slowly into the background. 
At that point, a new technology will attract attention and investment away from it. The old 
technology becomes a baseline that is refined, but not exponential again.  
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Energy Density/Efficiency, Invention, Information

InformationUtilization InventionsEnergy System

LanguageHunting, Gathering, Migration, Villages, Basic Farming, TextilesHuman Power

EngineeringMetallurgy, Cooking, Light, HeatFire

MathFarming, Roads, Cities, Travel, Mass Warfare, Writing, TradeAnimal Power

Celestial NavigationOcean going vessels, NavigationWind Power

TelegraphFast transport on rail/oceans.  Paddle-wheels/wood boats. Steam (Wood)

Fast NewsIronclad ships with screw propellers. Steel and other alloys.Steam (Coal)

[Radio]Indoor lighting, advanced industrial chemistry of petroleum.Petroleum (Kerosene)

TelephoneIndoor lighting, Distributed mechanical/heat power.Electricity

[Television]Internal combustion, Cars, Aircraft, early rockets.Petroleum (Gasoline)

SatellitesMoon landings, Solar system exploration, etc.Chemical Rockets

[Computers]Nuclear power plant, Submarines/Aircraft carriers, NERVA.Nuclear Power

© 2017, 2023 Kent Nebergall. All rights reserved.  

 

Here is a map of human history in terms of energy, invention, and information.  
When a technology revolution matures, inventions are converged into an equilibrium of 
technology and resources.  This becomes the foundation for the next technology revolution.  
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Empowering 
Technology 
Revolutions

© 2015 Kent Nebergall, All Rights Reserved.

Energy

• Higher Density

• Affordable, Consistent, Safe

Invention and Convergence

• Capacity Envelope Expansion (Superpowers)

• Factorial complexities (2!=2, 3!=6, 4!=24, 5!=120, etc.)

Information

• Science Drives Engineering. Vice Versa.

• Communication Drives Factorial Expansion

Affordability (Efficiency)

• Applies to All of the Above

Excitement/Attention

• Boring Science and Technology Doesn’t Explode Interest

• Superpowers, Comfort, Novelty

© 2017, 2023 Kent Nebergall. All rights reserved.  

 

Energy, invention, and Information are the material components of technology revolutions.  
But broader acceptance depends on affordability and excitement.  Getting many people doing 
many experiments at once generates dramatic growth and convergence. Thousands of garage 
tinkerers with new technologies expand the art of the possible.  It’s a Cambrian explosion, 
much like the microcomputer revolution or the early days of aviation. 
The question is, where is that attention and excitement going?  
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The Attention Gap

Knowledge without Surprise becomes Invisible

© 2023 Kent Nebergall. All rights reserved.  

 

There is a principle of Information theory that states that information that is expected is not 
information at all, because nothing is communicated.   
We need information streams to contain novelty to pay attention.   
Otherwise, this technology, no matter how miraculous, fades into the invisible background.  
 
 

  



Slide 8 

 

Searches for AI

Google Trends, worldwide, search, on “Artificial Intelligence” – as of Sept 4, 2023

December 2022

March 2023

Between 2015 and 2021, 
AI-related patents increased 30-fold 

- Popular Science, March 16, 2021.

© 2023 Kent Nebergall. All rights reserved.  

 

For the past decade, we’ve taken voice-based AI for granted. You ask your phone or car to go 
somewhere or text someone and it usually works.  
But in the last ten months, we’ve suddenly been able to ask for complex information like 
summaries of entire books and generated artwork simply by asking for it.  Schools now ban AI 
generated essays.  Even complex systems like filmmaking can be completely automated for a 
few seconds. This graph shows search results on Google Trends for AI.  I’m seeing bursts around 
the time semester projects are ending.   
So while voice AI  spent ten years becoming taken for granted, visual and text AI have become 
relevant in a tenth the time.  
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Comparative Interest – AI vs. Space

Search For…

SpaceX – First 
Crew Launch

JWST- Launch 
and First Images

SpaceX NASA AI

© 2023 Kent Nebergall. All rights reserved.  

 

The space community is excited by Starship and other massive breakthroughs. However, look at 
the relative interest here.  We only see two spikes, and both are smaller than AI on a weekly 
basis.  One was the first Crew Dragon launch, and the other was the launch, unpacking, and first 
images of James Webb.  
It would appear our new space age is still ignored by the public. 
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1970’s Transition from Space to Information Age

This Photo by Unknown Author is licensed under CC BY-SA

Wright Brothers- 1907

Apollo 11, Boeing 747, 
Concorde 1968-69

First Integrated Circuit -
1960

Intel Founded - 1970

AEROSPACE AGE PERSONAL COMPUTER AGE

© 2023 Kent Nebergall. All rights reserved.  

 

In the Aerospace Revolution, only sixty-six years separate Kitty Hawk from Apollo 11.  But 
around that apex, Intel was founded, and the foundation poured for the next sixty years of the 
information age.   
The society that looked up now looks at phones and laptops rather than the infinite sky.   
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Launcher 
Evolution, 
Payload 
Revolution

File:Orbital launches by year.svg - Wikimedia Commons
© 2023 Kent Nebergall. All rights reserved.  

 

That’s the story in terms of public attention.  But what really happened in technology itself?   
The classic space age and the age of Moore’s Law silently converged.  We were able to launch 
20-ton payloads with double the bandwidth every few years because microchips kept 
improving. So while the rockets stayed the same, the satellite revolution in capacity steadily 
improved for decades.  Satellite TV revenue was ten times NASA’s budget a quarter century ago.  
Nobody noticed.  
That said, notice what happens at the end of the graph with Starlink.  We are again seeing a 
converged space and communications revolution.  
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Is History Repeating? 

This Photo by Unknown Author is licensed under CC BY-SA

Starship 1000X 
Drop in Launch 

Costs 2025-

Voice Agent AI (2010)

Large Language 
Model (2022)

Humanoid Robots 
(~2025)Falcon 10X 

Drop in Launch 
Costs

2016 - 2026+

SECOND SPACE AGE MACHINE INTELLIGENCE AGE

© 2023 Kent Nebergall. All rights reserved.  

 

We are in the Sputnik moment for Artificial Intelligence disrupting our lives.  Many office 
workers could be replaced or radically retrained within five years, and that justifies a LOT of 
attention.  Meanwhile, Starship hasn’t reached orbit yet.  And when it launches regularly, it will 
carry satellites before carrying people.  It won’t register how significant it is to most people for 
quite a while. They already take Falcon for granted with it’s four-day launch cadence.  
The AI Information Age will enable people in a decade to do the work of ten people now. We 
already experienced this with office work over the Information Age.  In 1970, it used to take a 
staff of typists, typesetters, illustrators, editors and researchers to do what we’ve been doing in 
Office software for three decades now.   
By the time we land on Mars and people marvel at that, we will already not only live in an 
entirely different computer landscape, but we will take it for granted.  
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Convergence: 
Starship/Optimus

“Draw SpaceX Starship on Mars with Optimus robots setting up solar arrays on the surface.”
© 2023 Kent Nebergall. All rights reserved.  

 

How can AI help with Space Settlement? 
By the way, that’s what Dali thinks Starship looks like on Mars.  I guess it has a ways to go.  
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Space Independence – Where AI is Useful
IndependenceSettlementMoon/MarsDeep SpaceLaunch/LEO

Transport 

Autonomy
Air/WaterMoon LandingSolar FlaresAffordable Launch

Chem-E 

Autonomy

Power and 

Propellant
Mars EDLGCR: Cell DamageLarge Vehicle Launch

Construction 

Autonomy

Base 

Construction
Spacesuit Lifespan

Medication/ Food 

Expiration

Orbital Refueling/ 

Mass Fraction beyond 

Earth Orbit

Food & Medical 

Autonomy
Food GrowthDust Issues

Life Support 

Closed Loop
Space Junk

Mining 

Autonomy

Surface Mining 

and Extraction

Basic Power/ 

Propellant 

Production

Medical Entropy
Microgravity 

(health issues)

Manufacturing 

Autonomy

Hybrid 

Manufacturing

Return Flight to 

Earth (speed, mass, 

etc.)

Psychology

Genomic 

Sufficiency
ReproductionPlanetary ProtectionMechanical Entropy

© 2023 Kent Nebergall. All rights reserved.  

 

Here are the grand challenges of space settlement and independence.  
This starts at the top left and goes column by column until we have an autonomous space 
civilization.  I highlighted the items in green where Machine Learning and Robotics may help 
dramatically. 
Note that the near-term objectives in the top left are vacant.  Considering the current state of 
AI, I find this comforting.  I don’t trust present day AI to not hallucinate like it did with that last 
slide.  That said, the long term future of space settlement has many opportunities for 
acceleration when the convergence happens between technology bases.  
When the first robotic Starship test flight lands to Mars, I expect a few Optimus robots to be 
warming the seats.   
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Elements of Life and Civilization

Matter Energy Information Actor

© 2023 Kent Nebergall. All rights reserved.  

 

Consider four aspects that make life and civilization possible – matter, energy, information, and 
the creatures who wield them. The actors may be cells, space probes, humans, or entire 
civilizations in this case. Actors also include infrastructure such as mines and factories. 
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Work Vectors

IN
D
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(Supplies)

Fixed Capacity 
(Travelers)

© 2023 Kent Nebergall. All rights reserved.  

 

An efficient system correctly matches work to industrial capacity, and time to energy.  
Machine learning systems can dramatically reduce the wasted efforts around designing, 
building, installing, and operating Martian surface equipment.  It can do the same on earth in 
the near term with digital twin factories and machine learning.  
 
 

  



Slide 17 

 

SolidLiquidGasEnergyInformationProximity

Deep Space

Orbital Space

Atmosphere

Surface

Subsurface

Habitat

Greenhouse

Factory Space

Commerce Space

Residential Space

Vector Map- From Space to Surface Settlements
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© 2023 Kent Nebergall. All rights reserved.  

 

Now if we look at a vector graph of what is involved in Space Settlement, we can see where an 
AI designed to optimize for each grand challenge problem would be a very powerful tool.  We 
could use AI to perfect modular Hardware for building settlements and factories, and the 
systems within them. .  It could be optimized through thousands of iterations for 
maintainability, capacity, cost, and adaptability to new situations.  
 
 

  



Slide 18 

 

AI Server Farms
on Mars

• A current Nvidia H100 DGX Pod or a 
Tesla Dojo rack module of 11 racks 
can fit in a 20-foot shipping container.

• BioNeMo as a biology model making 
service (drug discovery), along with 
Piccaso (artwork) and NEMO 
(Language)

• OmniVerse: Digital twin modeling, 
robotics for factories, warehouses, 
etc.

• 1 ExoFLOP AI or 7.7 PetaFLOPs of 
conventional performance per Pod. 

• Estimated 330 kW per pod. 

• An AI computing center with dual 
pods and a modular nuclear reactor 
would fit on one  Starship.  

© 2023 Kent Nebergall. All rights reserved.  

 

An issue with AI is the amount of computing hardware involved.  Waiting tens of minutes to 
send and receive data from Mars to Earth would potentially stagnate progress.  That said, look 
at the currently-released AI system from Nvidia.  These systems are scaled for public use, yet we 
could easily ship four of these full racks in a 20 foot truck.  With new modular nuclear reactors 
also being scaled down, a single Starship could put a massive AI resource on the surface of any 
outpost in the inner solar system, with two of these data centers power for two decades.  
Software for factory digital twins and drug discovery are already being fully integrated for single, 
end-to-end systems by the lead companies.  We are in the equivalent gap right now between 
when you could get a desktop computer and when you could buy practical office software for it.  
That gap ends this year.  
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Human and AI

The Balance of Technology 
Dependence and Empowerment

© 2023 Kent Nebergall. All rights reserved.  

 

So what about us humans?  What’s going to happen with us? 
I stumbled into the answer two decades ago, but I’m realizing how big a deal it is now.  
A panel of writers were given the topic, “Are sci fi writers sufficiently accurate in predicting 
technology?” 
They rightly concluded that their job is to tell stories, not be futurists.  However, I realized over 
the course of the discussion what principles made good predictions.  Some books are amazingly 
accurate, so what did they have in common?  I came to some conclusions.  Then I stood up and 
said the following… 
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Nebergall’s Laws 
of Technology

• Any technology that does not push performance or efficiency will die 
quickly.  These will be a form of “superpower” compared to past levels. 

• Human nature will not change, even though technology changes how 
we interact with the world around us. 

• Humans will use these new powers in three ways.
• Most will do greater productive good

• Some will do greater destructive evil

• ALL will reach historically unprecedented levels of personal laziness. 

“Draw a bald white man with NO BEARD, clean shaven, reading a list of rules… Again” X 12..  Oh well..

© 2023 Kent Nebergall. All rights reserved.  

 

I didn’t call it this, by the way, but it does need a name, and it’s mine, so here goes… 
One - Any technology that does not push performance or efficiency will die quickly.   
These will be a form of “superpower” compared to past levels.  
Two - Human nature will not change because of a new technology landscape.   
Complaint letters about too much homework have been found in ancient Egypt.  
Three - Humans will use these powers in three ways. 

Most will do greater productive good 
Some will do greater destructive evil 
ALL will reach historically unprecedented levels of personal laziness.  
 
This goes WAY past cheating on essays, though…  
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Outsourcing our Humanity:
Homunculus for Creation and Communications

This Photo by Unknown Author is licensed under CC BY-NC-ND

This Photo by Unknown Author is licensed under CC BY
© 2023 Kent Nebergall. All rights reserved.  

 

Let’s look at the brain’s interaction with the environment.  You may recognize this map of the 
motor strip of the human mind, and the little statue that represents how much of our brain we 
devote to our hands to make tools and our mouths to make words.  Large hands and mouth 
reflect the relative amount of our brain/body interface is devoted to these.  This is how we 
speak and build.  
 
This is a bedrock of our humanity – language and creativity in the mind, and mastery of tools 
and fire in the world.  
This is our trade space.  Every one of us.  
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Outsourcing our Humanity:
Homunculus for Creation and Communications

This Photo by Unknown Author is licensed under CC BY-NC-ND

This Photo by Unknown Author is licensed under CC BY© 2023 Kent Nebergall. All rights reserved.  

 

So what happens, when the ability to make and process words has been augmented with Large 
Language Models?   
And what happens to our ability to use tools when humanoid robots do so much physical labor?   
And what happens when artwork, music, and image processing are also automated away? 
 
We are entering an era where you could generate an artificial 500-page novel by your favorite 
author, living or dead.  But then use an AI to consolidate it to 500 words because you are too 
busy to read it. 
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General AI- SWOT
WeaknessesStrengths

Allows “cheating” by generating supposed research 
but actually just regurgitating speech patterns. 

Allows knowledge workers to leverage writing skills 
more as a creative manager than a self-editor. 

Anything put into servers is “stolen” from creators 
and re-hashed as something “found”.  

Can speed research on massive libraries of material.

Offline AI is expensive ($8K for good Nvidia card). 
Online will violate IP protection. 

AI design can optimize vehicle design for weight, 
endurance, etc. 

ThreatsOpportunities

Social manipulation is tuned to individuals and 
intentionally insidious.  

Improved medical research could address grand 
challenges around deep space flight

Misanthropic amplification – any fool can design a 
pathogen, hack a network, or stalk the innocent. 

Can design optimum vehicles for weight, 
endurance, etc. 

Lazy users will assume AI correct and tune out 
critical thinking of designs, budgets, etc. 

Automation can accelerate design, production, and 
testing of equipment for space settlement. 

© 2023 Kent Nebergall. All rights reserved.  

 

The paradox is that the same systems that can automate our creativity away can also amplify it.  
I could write all the novels I ever wanted to write but never had the time or talent to create. I 
could write the books, do the paintings, build the machines – all as if there were ten of me.  All 
in one lifetime.   
 
But will I?  Or will I disappear into artificial fictions and become a commodity to those who 
wield this technology? Or both?  
 
Are we automating our uniquely human mind-body connection to oblivion? Or to amplification?  
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Nebergall’s Laws 
of Technology

• Any technology that does not push performance or efficiency will die quickly.  
These will be a form of “superpower” compared to past levels. 

• Human nature will not change because of a new technology landscape. 

• Humans will use these powers in three ways.

• Most will do greater productive good

• Some will do greater destructive evil

• ALL will reach historically unprecedented levels of personal laziness. 

• Nearly everyone will use it for all three in roughly these ratios. 

• The art of the personal-possible may atrophy even as the scope of 
accomplishment is leveraged to unprecedented heights while technology is 
present.

© 2023 Kent Nebergall. All rights reserved.  

So my catty comment at a sci fi convention over a decade ago seems to be the most personal 
promise and threat of AI. 
We can add two more rules.   
 
Nearly everyone will use it for all three purposes – the good, the bad, and the lazy - in roughly 
these ratios.  
 
Due to this ratio, the art of the personal-possible will, for the average person, will diminish with 
atrophy. 
 
Meanwhile, those who can use the technology effectively will reach unprecedented levels of 
accomplishment.  
 
If anything disrupts this technology, civilization will unravel quickly because we will have 
forgotten how to be human without it. This isn’t just doing division without a calculator.  It’s 
speech and craft and thought itself.  THAT, is your own personal great filter.  
Be a  lazy or empowered human.  But always remember to think like a human.  Own your mind. 
Or in five years you will be helpless without AI.  
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Startups in the 
Mars/AI Age

© 2023 Kent Nebergall. All rights reserved.  

 

So, it’s just you and ten digital office workers who answer to you.  How do you grow a new 
business in the Mars Age?  
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Minimum 
Viable 

“Garage” 
Startup

© 2023 Kent Nebergall. All rights reserved.  

 

Note that every technology revolution is amplified by a wave of startup companies. These tend 
to start in small workshops with simplified tools.  
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Common Elements of 
Technology Revolution Workshops

Ubiquitous Necessities

“Full Deck” Knowledgebase

Room-Scale Workshop

Affordable Communications

© 2023 Kent Nebergall. All rights reserved.  

 

Technology revolution workshops throughout history have common elements.  
First, you need to be able to take for granted things like food, power, shelter, and other 
infrastructure. 
Second you need a tool set that is both easy to understand and incredibly powerful.  The BASIC 
programming language, three chords and a guitar, a deck of cards – all embody a crossover of 
simplicity and communication power.  
Third, you must fit the workshop and the team within speaking distance of each other.  
For digital products, you also need unlimited ability to distribute and market your arts and 
sciences.  
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“Full Deck” Operational Knowledge

Too Basic,  
No Power

Comprehensive 
and 

Comprehensible

Too Complex, 
Too Few Experts, 
Too Specialized

 

 

Each business model needs a ”Turing Complete” technology base.  In computing, Turing 
Complete means a programming language that can perform all classical computing functions.  
It becomes unlimited despite having a very finite number of components and functions.  Like 
how 52 cards in a deck allows thousands of card games.   You need a toolbox that can grow 
quickly, adapt quickly, and do so with minimal outside support.  
Historically, innovation explosions are rooted in skill sets that can be learned in a few weeks or 
months. This combination of comprehensive yet simple tools has a sweet spot, which I’m calling 
Full Deck for simplicity's sake.  
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Modular Technology Revolution Workshops

Team of 5-20 People 
(plus robots)

All equipment in 1 
shipping container

Pressurized Workshop 
of 1000 Cubic Meters

Ready access to power, 
data, and value-add 
commodities

Full Deck Technology 
(Versatile/Simple)

© 2023 Kent Nebergall. All rights reserved.  

 

We can make small workshops, amplified by robotics and AI, and fit them in containers both for 
Earth and space settlement.  We can put them anywhere, and we can do amazing things.  
 
A key pivot point will come, or has already done so, when we can use AI as a tool to better code 
AI itself, and do so in small workshops.  When we can also do this with robotics, we have a 
second pivot point at that stage in the next five to ten years.  
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The Fate We 
Make

Solar System 2100

© 2023 Kent Nebergall. All rights reserved.  

 

So where does this take us?  Let’s project both trends a bit.  
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AI Economy

Solar System 2100

Human Outposts and Telepresence

Human Habitat /Economy

© 2018, 2023 Kent Nebergall. All rights reserved.  

 

In a century, we can see expanding human towns across the inner solar system.  We can see 
outposts and robotic facilities all the way out to the Oort cloud.  Our problem will be keeping 
the AI in the outer solar system from being used to defraud us by faking resources we will never 
see to encourage new investment in given operations. We could have the equivalent to mineral 
rights or insurance fraud not only amplified by AI, but initiated by AI to benefit itself.  
 
Even if AI could be programmed not to do this, humans with AI are guaranteed to do so.   
 
That is a problem for the future.  The question for the present is how we use AI to converge 
with the Mars Age revolution, and ensure it becomes our fate.   
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Thank you!
Questions?

• Kent Nebergall

• Macroinvent.com

• Kent@MacroInvent.com

© 2023 Kent Nebergall. All rights reserved.  

 

Thank you! Any questions?  
If you want to see my presentations for the last 15 years, including this one later, the QR code 
links to my portfolio web site.   
 
 

 


