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Abstract
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Introduction

We are a team of FIRST Lego League students, and we present a method for generating electricity on a future Mars colony.

FIRST stands for For Inspiration and Recognition of Science and Technology. It is a nonprofit organization started by famous inventor 
Dean Kamen to spark young peoples’ interest in science, technology, engineering, and mathematics. 

First Lego League, or FLL, is one of the four programs of FIRST for kids ages 9-14. First Lego League is composed of four different parts. 
These parts are the research project, the core values, the robot design, and the robot game. The research project is focused on solving a real 
world problem as a team using science and engineering.  Last year, the theme of the program was “Into Orbit” and the students were 
expected to solve a problem related to human space travel.

The human desire to explore uncharted frontiers has led us to think about establishing outposts on Mars. Our team explored several topics 
related to human space travel, such as oxygen, water, trash, recreation, and the effects of microgravity on living organisms.



For Inspiration and Recognition of Science and 
Technology

https://www.firstinspires.org/
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Possible Energy Sources

We found human Mars exploration most exciting. After researching many sources and talking to experts, we realized that some of the 
biggest long-term problems in this area are providing food, oxygen, water, radiation shielding, and energy to the settlers. We evaluated 
these problems and decided to work on a system that could generate electricity to power a Mars colony. From our research, we learned that 
a small uranium-based nuclear reactor called Kilopower is likely to be used by the first humans on Mars. However, all proposed long-term 
solutions have major drawbacks and there was no agreement among scientists on a definite energy source for a permanent Mars settlement.

We wanted to create a solution that would help with all aspects of life on Mars. Electricity is a critical requirement for sustaining a 
permanent residence on Mars because it is needed for heating, for the humans’ daily needs, for exploration, for extracting resources like 
oxygen and water, and for growing food. 

NASA’s near term solution, Kilopower can supply tens of kilowatts of electrical power for the first Mars explorers.  However, using 
nuclear energy to generate hundreds or thousands of kilowatts for the next phase of Mars exploration has several problems. These include 
a possible accident during takeoff, radiation risk to astronauts, and that the reactors cannot be scaled or repaired. 

Geothermal energy is being seriously considered by many scientists. In 2016, Forbes magazine published an article titled “Why 
Geothermal Energy will be Key to Mars Colonization.” However, in most places on Mars, this will require drilling several kilometers deep 
because on an average, temperature increases slowly with depth on Mars. This makes Geothermal energy expensive and complex. Solar 
energy is viable, but would be unreliable due to weak insolation and dust storms. Martian air is too thin and the wind has very little energy, 
even at storm speeds. 
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Information Sources
 Research Papers
- Sands of Mars: Digging Up The Red Planet; Chris Lo.

- Mining Water Ice on Mars: An Assessment of ISRU Options in Support of 

Future Human Missions; S. Hoffman, A. Andrews, K. Watts.

- Design of an Excavation Robot: Regolith Advanced Surface Systems 

Operations Robot (RASSOR) 2.0; Robert P. Mueller, et al.

- The Mars Oxygen ISRU Experiment (MOXIE) on the Mars 2020 Rover

Science Articles 
- Stacking Concrete Blocks Is A 

Surprisingly Efficient Way To Store 

Energy

- NASA To Test Fission Power For 

Future Mars Colony; Irene Klotz; 

Space.com

- Why Geothermal Energy Will Be Key 

To Mars Colonization; Bruce Dorminey

- The Cost of Energy Storage has 

Stalled Adoption of Renewable Power: 

Energy Vault has a Solution; Jonathan 

Shieber; Energy Vault; November 2018

- Digging in on Mars! How Astronauts 

Will Survive and Thrive on the Red 

Planet

- Oxygen-Generating Mars Rover to 

Bring Colonization Closer

- Robots will pave the way to Mars

Videos
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RASSOR Robot

- Energy, Work, and 
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Energy (Chem Academy)

Websites
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https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20

180002051.pdf

https://www.humanmars.net/p/mars-colony-art.html

https://www.space.com/30692-nasa-real-martians-tech

-videos.html

https://planetarynames.wr.usgs.gov/images/mc18_2014.p

df

https://www.newenglandskihistory.com/lifts/listbycost.php

https://www.humanmars.net/p/mars-colonization-timelin

e.html
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Books
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https://www.space.com/30692-nasa-real-martians-tech-videos.html
https://planetarynames.wr.usgs.gov/images/mc18_2014.pdf
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https://www.humanmars.net/p/mars-colonization-timeline.html
https://www.humanmars.net/p/mars-colonization-timeline.html
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MEETING ENERGY REQUIREMENTS OF MARS SETTLEMENT

Permanent 
Settlement

Near Term

http://tech.firstpost.com/wp-content/uploads/2017/06/MarsH
andshake.3k.jpg https://farm2.staticflickr.com/1973/44856665854_3a16f27ece_o.jpg

Kilopower 
Reactor
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Habitat Exploration

Oxygen Generation Heating

Construction & Resource Extraction



NASA’s Kilopower Project
11

● Near-term 
solution

● 1 to 10 kW per 
reactor

● Launch risk

● Radiation risk 
to astronauts

● Cannot be  
repaired An artist's impression of a nuclear power system, consisting of 

three separate fission reactors, for Mars habitats.

Credit: NASA/Kilopower



Geothermal Energy
Underground heat, converted into 
electrical energy, or used for warmth.
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Will need drilling to large depths on Mars
Over 175°C

Source:  https://www.lpi.usra.edu/meetings/geomars2001/pdf/7044.pdf

https://www.lpi.usra.edu/meetings/geomars2001/pdf/7044.pdf


SOLAR
● Weak insolation (< ½ of Earth’s)
● Terrible dust storms 
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WIND
● Extremely thin air (1% of 

Earth’s atmosphere)
● Hardly any energy in wind

Mars before/after dust storm (July 2018)

PO
OR
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Our Solution

Our solution, Megapower, solves the problem of powering a permanent human outpost on Mars in a completely new way, and overcomes 
the drawbacks of other proposed solutions. 

MegaPower can harness energy from a resource abundant on Mars. Mars has the tallest mountains and the deepest canyons and craters in 
the Solar System. We can convert the gravitational potential energy from these features into usable energy. In the MegaPower system, 
regolith excavated at higher elevations descends on a cable-car-like system to convert potential energy into kinetic energy. This can be 
used to run electric generators. 

Dr. Vivien Gornitz, an expert in martian geology at NASA, told us that crater walls would be more suitable for Megapower than 
mountains. Crater walls are steeper than mountainsides and have large amounts of easy-to-excavate regolith near the rims.

Excavators at the rim of the crater will continuously dig and deposit regolith in a chute. This chute will have a sensor-activated opening to 
fill containers connected to a cable-car-like system as they pass by. The filled containers will descend due to their weight and will release 
the regolith at the bottom of the crater. The lighter empty containers will be pulled back up as the cable moves continuously by the weight 
of the containers being filled at the top. The motion of the cable going around wheels will power generators to produce electricity. 

We came up with the idea for MegaPower by evaluating different energy sources on Earth. We eliminated fossil fuels, solar, wind, and 
geothermal energy. Surprisingly, hydropower led to an efficient way of generating power on Mars using potential energy. We used 
inspiration from ski lifts to come up with a final solution to yield a steady flow of electricity.
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OUR SOLUTION

 Gravitational Potential Energy!



Mars Topographical Features

Canyons
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Craters walls

Mountains

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA19912

https://www.jpl.nasa.gov/news/news.php?feature=1047

https://science.nasa.gov/science-news/science-at-nasa/2003/19feb_snow

https://www.jpl.nasa.gov/news/news.php?feature=1047
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Our Solution Development Process

Fossil Fuels
Solar Power

Windmills Geothermal 
Energy

Hydropower 1.

2. Hydropower    Potential Energy

3. + =
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Feasibility Analysis

We did several calculations to check the feasibility of our idea. Using the  gravitational potential energy formula, PE = m*g*h, we found 
that a one Kilogram mass at a height of one meter has 3.8 Joules of potential energy on Mars. Accounting for losses due to friction, 
conversion, and excavation, etc., we assumed that roughly half, or about 2 Joules of electrical energy can be extracted. 

Projecting this to a system in which one cubic meter containers descend five kilometers, about 12 million Joules of electrical energy can be 
extracted from each container. This calculation uses a commonly accepted density of about 1.2 grams per cubic centimeter for Mars 
regolith. 

At a reasonable angle of 45 degrees and speed of 14 km/h, just 60 containers can generate 200 kilowatts. This is because the system would 
complete one full cycle every hour, and one container would arrive every minute. That is 12 million Joules per 60 seconds, which is 200 
kilowatts. The power yield can be easily scaled to a Megawatt by increasing the size and the number of containers, or by using multiple 
cables.

We also did calculations to see if enough electricity can be generated by excavating a reasonable amount of regolith. Since 1 cubic meter 
of regolith can produce 12 million Joules, a 25 meter deep 1 km by 1km block of regolith with a volume of 25 million cubic meters can 
produce about 300 trillion Joules! This is equivalent to about 83,000 Megawatt hours or almost 10 Megawatt-years, which means that this 
reasonable volume of regolith can produce 1 Megawatt continuously for about 10 years!



Feasibility Analysis
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Potential energy = m x g x h
= 1 kg x 3.8 m/s2 x 1 m
= 3.8 Joules

On
e 

Me
te

r
Potential energy of 1 kg mass at 1 m height on Mars:

Acceleration 
due to gravity 
on Mars ~ 3.8 
m/s2  

1 Kilogram

At roughly 50% conversion e ciency, 
usable electrical energy ~ 2 Joules



Avg density 
of Mars 
regolith = 1.2 
g/cm3 or 1.2 
tons/m3.

Feasibility Analysis

Available energy = 
2 J/(m o kg) x 1200 kg x 5000 m
= 12,000,000 Joules
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Electrical energy available from each 1 m3  
regolith container ~ 12,000,000 Joules

Energy available from 1 m3 over a 5 km height on Mars:

1 m x 1 m x 1 m
5,0

00
 M

et
er

s
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5 
km

 

5 km

7 km 

45o

Power generation from 1 m3 container per minute:

Power = E / t
= 12,000,000 Joules / 60 seconds
= 200,000 Watts 

Power generation ~ 200 kW, scalable to a MW.



25 m
1 km

1 km

25,000,000 m3 

How much power, for how long?
5 

km

1 m3 -> 12,000,000 Joules
2.5 x 107 m3 block of regolith -> 
3.0 x 1014 Joules

8.33 x 104 MWh

8766 hrs / year

83333 MWh / 8766
~ 10 MW.years

A 25 m deep, 1 sq. km 
chunk of Mars can yield 1 
MW continuously for 10 

years.
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Related Technologies

MegaPower is heavily based on existing technologies. Cable transportation systems are used in the mining industry and can span over 50 
kilometers. 

Conversion between potential and electrical energy has been commercially developed by a company called Energy Vault. Their 90% 
efficiency is much higher than our conservative estimate of 50%.

Since excavation for ice and other resources will be a big part of a Mars settlement, NASA has been developing robotic excavators. One 
design called the Regolith Advanced Surface Systems Operations Robot, or RASSOR, is most suited for our solution. The light and 
versatile RASSOR can quickly dig up and transport about twice its mass in the regolith. RASSORs are powered by on-board rechargeable 
batteries.

We communicated with engineers working on robotics excavators in NASA’s Kennedy Space Center’s Swampworks team. They suggested 
that another excavator design, the Lance and the Chariot, would also be suitable for MegaPower.



Related Existing 
Technologies
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Energy 
Vault

Mountaintop 
Removal Cable Transportation

Regolith Advanced 
Surface Systems 
Operations Robot 
(RASSOR)



Lance
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Chariot

Lance is the digging 
mechanism, and Chariot 
is the body of the robot
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Some Design Details

In our proposed design, a generator at the top would supply power to inductive charging pads for the excavators. The bulk of the electricity 
will be generated near the bottom to power the habitat and its support systems.  The discarded regolith would be spread over the habitation 
modules to provide radiation shielding.

Megapower’s main components are supports, cables, containers, excavators, and two generators. These will be launched to Mars on a 
single spacecraft in advance of the crew. The equipment will be dropped using at least two landers. The main generator would land at the 
bottom of the crater or canyon, where it will produce the bulk of electricity for the human outpost. All other components would land at the 
top. The supports and cables would be lowered by gravity as needed, and will be installed robotically using Kilopower’s energy. The 
supports will be in the shape of concentric telescoping cylinders, like an antenna. They will be closed while being transported to Mars, and 
will be opened by spring action.

Most of Megapower’s cost will come from transporting its parts to Mars, so everything needs to be lightweight. Since Mars has only 38% 
of Earth’s gravity, the cables and supports have to be only 38% as strong as on Earth. For added reliability, we can build two systems close 
to each other. One can be used for transporting a repair crew if the other breaks down. If a RASSOR needs repairs, it can be transported 
down on the system to the base. 

Experts at Doppelmayr, the world’s largest cable transportation company, confirmed the feasibility of our 200 kilowatt system after doing 
some engineering calculations. They calculated that a 32 millimeter thick steel cable would be sufficient, but suggested using Kevlar, 
which is stronger and lighter than steel. Kevlar has already been tested on Mars as well as in a cable transportation system in New Mexico. 
We also propose using carbon fiber for supports and containers for our system. The highest grade carbon fiber can be ten times stronger 
and five times lighter than steel. This will help conserve weight and space. 
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Schematic of a closed 
telescopic support for 
transportation to Mars.

Telescopic support opened by spring 
action and robotically installed by 
screw action.

GroundScrew

Spring

Spring

Ground

Screw



Installation
● Easy to install and expand
● Would be easier on Mars with only 38% of Earth's gravity
● Need cables and supports only 38% as strong as on earth
● Would use lightweight composites like Carbon Fiber for supports and Kevlar for 

cables

Cost
● Average cost on earth = $4.25 million per km

(source: https://www.newenglandskihistory.com/lifts/listbycost.php)

Repairs
● Install more than one cable system for redundancy
● RASSORs and repair crew can travel up and down one of the systems for repairs 30

Implementation Details

https://www.newenglandskihistory.com/lifts/listbycost.php
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Doppelmayr did 
calculations for us for 
us to prove that our 
system would work. 
They found that our 
system would work best 
at a reasonable speed of 
14 kilometers per hour.
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Alternate Uses

Apart from electricity generation, Megapower has many other uses for a Mars outpost. The regolith released from the containers will be 
processed to extract water and other resources, such as building materials. Also, NASA plans to produce oxygen on Mars from the carbon 
dioxide in its atmosphere. In their current prototype, almost half the energy is used in compressing the thin Martian air. Part of 
Megapower’s mechanical energy can be used to run the compressor’s pump directly. The discarded regolith can be used to cover the 
habitat at the bottom of the crater, which would provide insulation as well as radiation shielding. 

Our solution is not limited to just Mars. Megapower can also be installed on the moon, which has many large craters. Moreover, there is 
water in the form of ice at the bottom of many craters in the moon’s polar regions. Megapower’s electricity can be used to melt and 
electrolyze the water to produce oxygen and hydrogen, which can be used as rocket fuel. Some ice can also be brought up to the surface in 
the returning containers to supply a lunar human outpost.



Support for other 
functions 
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Direct 
mechanical 
energy to 
compressor for 
Oxygen 
generation

Excavated 
Regolith

Water
Building Material 

Metals

Regolith Processing Plant

Source: Dr. Michael Hecht, MIT
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https://scienceandtechnology.jpl.nasa.gov/research/research-topics-list/
instrument-technologies/situ-planetary-exploration-systems

https://scienceandtechnology.jpl.nasa.gov/research/research-topics-list/instrument-technologies/situ-planetary-exploration-systems
https://scienceandtechnology.jpl.nasa.gov/research/research-topics-list/instrument-technologies/situ-planetary-exploration-systems


Key:
MR = Mass of Regolith
MI = Mass of Ice
F = Energy lost due friction, 
conversion, and excavation
E = Electrical Energy

36

For our solution to work:

- mRgh > mIgh
- mRgh - mIgh = F + E
- mR > mI 

Electrolysis: 
2H2O -> 2H2 + O2
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Expert Feedback

We shared our solution with several engineers and scientists, and two renewable energy companies, who all thought that our solution was 
innovative.

Dr. Vivian Gornitz, a NASA geologist suggested that crater walls would be most suitable for our solution. Rachael Cox and Jason Schuler, 
engineers at NASA Swamp Works, shared technical details of excavators that can be used on Mars. 

We got useful information from engineers at Doppelmayr, the world’s largest cable transportation company. Their calculations showed that 
a 200 Kilowatt system can be implemented with reasonable cables and supports, even if traditional material such as steel is used.  

We presented to Dr. Michael Hecht, a principal investigator for the Mars 2020 mission. He thought that our solution was very intriguing 
and that it will also work on the moon. He shared it with Dr. Jerry Sanders, head of the the ISRU program at NASA, who was also 
impressed. 

After hearing about our idea, the President of The Mars Society, Dr. Robert Zubrin spoke to us on Skype, and encouraged us to submit our 
work for presentation at the 22nd Annual Mars Society Convention! We are very grateful for the opportunity.
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40Dr. Michael Hecht
PI, MOXIE
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Dr. Robert Zubrin
President,
The Mars Society



                                    

Thank you!
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