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About this Curriculum Guide

The New Worlds Await You (NWAY) program offers this curriculum guide as a resource for
teachers. The curriculum is adaptable for grades 5th - 9th. The activities within implement
the engineering design process in a fun, kid-friendly approach. It is designed to support
students as they brainstorm, design, and build a 3D model prototype of a Lunar Habitat
within a Lava Tube. This model may be submitted to NWAY’s design competition!

The activities within this guide follow the engineering

design process (EDP). After teams are formed, Check out pictures and videos of
students will learn about the Moon and Lunar Lava lunar habitat models built by
Tubes. Then, they will brainstorm, research and middle school students in

previous competitions here!

design solutions for food, water, energy, technologies
and other critical systems.

| - ENGINEERING
Using the Engineering Design Process (EDP) DESION Pgocsss

student teams will design their habitat

(Deliverable #1) and build a 3D physical model TbENT

of a habitat from recyclable materials (f;@ =Y T
(Deliverable #2). DS PROBLEM
They will have opportunities to test and

evaluate their design. They will also receive 1 BRAINSTORM
feedback from a subject matter expert who will

serve as their mentor during the design process. E]
a

This curriculum follows the EDP shown to the
right. The headers on the student handouts will

- . &% Buwp
following this process. t T ‘15 vaTE—
You may want to print copies, one for each ’ @ REDESIGN

team and, post a few around the room. The
full-page diagram can be found in the student
handout section.
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About this Curriculum Guide, continued

The NWAY Curriculum is designed around a minimum of 13 Activities (45 to 90-minutes
each). The activities are implemented in 1 or multiple sessions. The suggested outline of
the EDP and activities found in this guidebook are shown in the table. You are not obligated
to follow this schedule - do what is best for your classroom and timeline.

Getting started
(1 session)

CURRICULUM OUTLINE

Activity 1 - Identify Team(s)
Activity 2 - Design Mission Patch

Identify the Problem
(1-2 sessions)

Brainstorm
(2-3 session)

Design
(2-3 sessions)

Build -> test -> redesign
(2-4 sessions)

Share solution
(2-3 Sessions)

Activity 3 - Reflect: Life on Earth
Activity 4 - Research: videos, websites, and facts

Activity 5 - Prioritize Needs: Card Sorting

Activity 6 - Lunar Lava Tube Habitat Planning Game

Activity 7 - Lunar Scenarios Challenges

Activity 8: Habitat Layout (sketch of concept)

Activity 9: Prepare and submit a video of Habitat
Layout/Design and Mission Patch [Competition
Deliverable #1]

Activity 10: Incorporate Feedback and Redesign

Activity 11: Build 3D model of habitat [Competition
Deliverable #2]

Activity 12: Prepare and submit your final video
[Competition Deliverable #3]

Activity 13: Reflect
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Preparing:

» READ over the “Note to Teachers” pages and the student activity handouts found at the
end of this Teacher Notes section.

» Print student hand outs as the guide specifies. Some handouts are 1 per student and
others are 1 per team. Read instructions for each activity carefully.

If your teams are competing in the Design Competition, make sure to review the Design
Challenge Handbook to become familiar with the challenge and schedule

* Make sure to become familiar and comfortable with the content. Determine how the
activities will work best for your students, space and materials required, and time
constraints.

e Collect materials listed below.

Notes to Teacher

Materials
22” x 28” Poster board, foam board or cardboard (1 per team)

Recommended supplies:

e Scissors  Sticky notes « Paint

« Hot glue gun « Cardboard » Pipe cleaners

« Pencils » Tape » Graph paper

» Popsicle sticks o String

» Colored pencils or markers « Binder » Butcher paper or
(1 per team) poster board

Technology

Students have access to:
« Common software applications to create slides for presentations
» Video technology (phone, tablets, camera, etc.)

Teacher (or students) will need access to Internet to upload student
presentations and to watch videos and access other resources.

Recyclable Material

Ask students, parents and school to collect recycled materials such as cardboard,
toilet paper rolls, plastic containers, etc. All materials should be clean and safe
from sharp edges.

Contact NWAY

If you have any questions, please contact the NWAY team at:

NWAY®@WEXfoundation.org

210-624-1206 (please leave a message)


mailto:NWAY@WEXfoundation.org

Lesson Guidance: Page 6

The following pages provide guidance for all the curriculum activities. Teachers should read
the following pages carefully prior to beginning the activities with students.

To begin, students will focus on building their team, focusing on their mission, and identify
the problem that needs to be solved.

1. GETTING STARTED

Mission toa Lunar Lava Tube
*  Show current efforts and technologies by NASA to return to . T m——
Moon with the Artemis program. We are Going! (4 Min.)

What would a habitat on the Moon look like?

e  Pass out the “Mission to a Lunar Lava Tube” student
handout, 1 per student. Read out loud to the students as
they follow along on their handout.

Notes to Teacher

Activity 1: Identify Teams
¢  Form teams of 4-6 students per team.

e  Pass out “Lunar Habitat Challenge: Lava Tube” mission
sheet for students to complete (1 per team). This can be
their binder/notebook cover.

you to dream up 3 way to live

e Tell students they will use their notebook through out the HECEEE V) e o e el e

tbe

design challenge. They should record their notes, designs,
sketches, budget, schedule, etc. in their notebook.

Activity 2: Design Mission Patch
Preparation:

¢ Teacher will need to print the associated “Mission Patch”
handout. One per team.

¢ Teams will need colored pencils or markers.

Student teams will create their own mission patch to reflect their
team mission, activities, and goals during this design challenge.

e Use this activity guide by the Lunar and Planetary
Institute:
(https://www.lpi.usra.edu/education/workshops/MAVEN/
Design-Mission-Patch. pdf)

Note - students should focus on the design mission of a 0 o Mission Patch
lunar lava tube habitat as they design their patch. Refer to '
the “Mission to a Lunar Lava Tube” handout above.

e Pass out the “Mission Patch” student handout (1 per
team). Encourage students to work together to design
their patch.

o Tell students they may revise their patch throughout the
design project as they refine their mission deliverables.



https://youtu.be/vl6jn-DdafM?si=rMVDS3VnpH_QhvxW
https://www.lpi.usra.edu/education/workshops/MAVEN/Design-Mission-Patch.pdf
https://www.lpi.usra.edu/education/workshops/MAVEN/Design-Mission-Patch.pdf

Notes to Teacher

Lesson Guidance, continued:

2. IDENTIFY THE PROBLEM

Three activities are provided to help students conduct
research, identify the problem, and prioritize needs.

Activity 3: Reflect on life on Earth

Preparation:

e Teacher will need to print the associated handouts: Identify
the Problem, Part 1 & 2. One per team.

To help students plan a lunar habitat, they first need to reflect on
our needs here on Earth.

e  Student teams can work together to brainstorm for each row.
Alternately, students can complete this individually and then
discuss as a team (or class).

e Optional: Have students draw pictures or cut out from
magazines to represent each part of our society on Earth. Use
caution if using magazines as students may cut out
inappropriate pop culture pictures, and this may detract from
the overall purpose of the lesson.

e Some sections may start heated discussions especially related
to politics and religion.

Activity 4: Learn about the Moon and Lunar Lava Tubes
Preparation:

e Teacher will need to print the associated handouts: “About
Our Moon” and “About Lunar Lava Tubes.”

To design a habitat suitable for humans to live the Moon, students
need to first learn about the limitations and hazards of life on the
Moon.

 Two pages of significant facts are provided for students to
research “About Our Moon” and “About Lunar Lava Tubes.”

e  Consider reading the handouts out loud to the class. Then,
have students review the handouts again as a team to discuss
items that interest them.

e  Students will benefit from other opportunities to fully explore
these facts. Students can also use the websites and videos
links provided to explore further. Video and website
resources are found after Activity 5.

Activity 5 is found on the next page.

Page 7

’ Identify The Problem: Part1 @

Team Name:

LT create & new society on an
our Earth. What do humans nee: sive on Earth? Wha do humans
need to be happy? 15 there anything you would change abaut our society here on
Earthl

Maintain human survival
Let’s first think about what iz essential for humans to live a lang life on Earth. In each
ow, describe how our Earth provides this essential part of life.

[Human | How do we get this on Earth?
Health

Adr

Describe any challenges on Earth

Water

Locations
Temperature
Other Features

The Marius Hills Skylight

Lunar Skylights, Pits, and Tubes
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IDENTIFY THE PROBLEM, continued

Activity 5: Prioritize Needs - Card Sorting Activity
Preparation:

¢ Teacher will need to print and cut cards, headers, and the
handout to record their final list. One set per team.

This activity introduces students to critical parts of human
society. The activity is to jumpstart student thinking about a
lunar habitat.

e Teams are provided a set of cards to sort into 4
categories: Maintain health and well-being, Maintain life,
Maintain work/mission priorities, and Not needed.

Notes to Teacher

o Each team should discuss the cards and sort them into one
of the 4 categories.

e  Pass out the handout, “Prioritize - Card Sorting”. Teams
record their final, agreed upon, answers on the handout.
They can also add missing items.

o Students can share results or walk around the room to see
other solutions.

e There are no right answers! As a teacher, walk around and
listed to the discussions. These will set the foundations
the team’s habitat design planning.

a Prioritize —Card Sorting (EE@

Team Name:

DIRECTIOMS: Your team has been provided a set of pessible components to your lunar
lava tube habitat. As a group, discuss the components and sort the cards into three
categories. Keep in mind that some cards may be applicable for multiple catepories,
but do your best to put it in the category that you believe is the most relevant:

1. Meeded to maintain human's survival

2. Meeded to maintain human’s mental and social well-being

3. Meeded for exploration and science
Is anything else missing? Write your final lists below.

Needed to maintain Heeded to maintain Meeded for exploration
health and well-being survival and science missions

‘What is missing? ‘What is missing? What is missing?

Page 8

Needed to maintain health
and well-being

(Category 1)

Needed to maintain survival

(Category 2)

Needed for exploration and
science missions

(Category 3)

Not needed in our lunar lava tube habitat

(Category 4)

Energy Sources

To power equipment & electricity

Air pressure

Nutrient rich food that
can be grown in different | Breathable Atmosphere
atmospheres

Protection from harsh
environmental elements
such as radiation and
extreme temperatures

3D Printer

ey
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Students may view these videos and refer to the following websites to help them research the
Moon, lunar lava tubes and lunar exploration technologies.

NASA Websites:

* Artemis Program: https://www.nasa.gov/artemisprogram

e The Earth’s Moon: https://moon.nasa.gov/

» Exploration of the Earth’s Moon: https://solarsystem.nasa.gov/moons/earths-

moon/overview/

Videos:

The Moon

+ We are going!

+ Building a Base on the Moon (4 min)
* Moon Village (4:30 min)

» Will We Ever Live on the Moon? (3 min)

» NASA Tour of the Moon (5 min)
 Living on the Moon for Kids (3 min)

 How We Could Build a Moon Base
TODAY (10 min)

* How Close Are We to Building a Moon
Base? (10 min)

» How we will colonize the Moon (8 min)

* Nasa Artemis Program - How We Are
Returning To The Moon (5 min)

Lunar Lava Tubes

* What Are Lava Tubes? (1.5 min)

* Lunar Lava Tubes Animation(4 min)
» Marius Hill Information (1 min)
» Astrobotics Lunar Rover Tech (2 min)

» What Makes Lava Tubes Livable (start
at 3:45- end at 5:30)

* Technology to Explore Lava Tubes
(6:17-End)

XArcs Technology and Mission

 Full Mission Plan and Rover Landing Pad
Construction(4 min)

» Leto Mission: Mapping out a Lava Tube

https://youtu.be/vl6jn-DdafM?si=rMVDS3VnpH_QhvxW

https://www.youtube.com/watch?v=iXG9voQnwO0OE

https://www.youtube.com/watch?v=amYK5voqLSk

https://www.youtube.com/watch?v=xHagNTBW8ho&lis
t=PLTGH540lXS6SElY57bzHej5qXW37dan8D&index=13

https://www.youtube.com/watch?v=nr5Pj6GQL20

https://www.youtube.com/watch?v=TNrhADcTNBk

https://www.youtube.com/watch?v=NtQkz0aRDe8

https://www.youtube.com/watch?v=07Jt0okh4PU

https://www.youtube.com/watch?v=-dL28N5yPmQ

https://www.youtube.com/watch?v=_T8cn2J13-4

https://www.youtube.com/watch?v=EJDjyN3ni3U

https://www.youtube.com/watch?v=6DvgA9sDNGM

https://www.youtube.com/watch?v=GBNJwomolr4

https://www.youtube.com/watch?v=PL27UCNd9lw

https://youtu.be/tCcx93NIPWM?t=227

https://youtu.be/tCcx93NIPWM?t=377

https://www.youtube.com/watch?v=LWEm8dZhjXk

https://www.youtube.com/watch?v=Zu-lfOQ5Nbw



https://www.nasa.gov/artemisprogram
https://moon.nasa.gov/
https://solarsystem.nasa.gov/moons/earths-moon/overview/
https://solarsystem.nasa.gov/moons/earths-moon/overview/
https://www.youtube.com/watch?v=iXG9voQnw0E
https://www.youtube.com/watch?v=xHqqNTBW8ho&list=PLTGH540lXS6SElY57bzHej5qXW37dan8D&index=13
https://www.youtube.com/watch?v=xHqqNTBW8ho&list=PLTGH540lXS6SElY57bzHej5qXW37dan8D&index=13
https://www.youtube.com/watch?v=nr5Pj6GQL2o
https://www.youtube.com/watch?v=TNrhADcTNBk
https://www.youtube.com/watch?v=NtQkz0aRDe8
https://www.youtube.com/watch?v=O7JtOokh4PU
https://www.youtube.com/watch?v=-dL28N5yPmQ
https://www.youtube.com/watch?v=_T8cn2J13-4
https://www.youtube.com/watch?v=EJDjyN3ni3U
https://www.youtube.com/watch?v=6DvqA9sDNGM
https://www.youtube.com/watch?v=GBNJwomoIr4
https://www.youtube.com/watch?v=PL27UCNd9Iw
https://youtu.be/tCcx93NIPWM?t=227
https://youtu.be/tCcx93NIPWM?t=377
https://www.youtube.com/watch?v=LwEm8dZhjXk
https://www.youtube.com/watch?v=Zu-lfOQ5Nbw
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3. BRAINSTORM SOLUTIONS

Now that students have some basic information about the Moon and lunar lava
tubes, it’s time to learn about feasible solutions to keep humans alive, happy
and productive (Activity 6). Then, they will run through scenarios to test their

Aquaponics Farming

initial design (Activity 7).
Activity 6: Planning Game

Preparation:

Note: mentors will not have knowledge of this game. This is a planning
tool for students to shape their design.

e~ » -'. -
Grow plants without soil. Plant
roots grow in water with fish that
provide nutrients.

e Underground: use LED lights
o Above ground: sunlight from a

Access the supplemental Power Point file to find and print the Mission toa Lunar
game boards (2) and cards. Lava Tube

Engineering Zones

Print and cut cards and game boards. One set per team. This is
best in color. (You may consider laminating them for reuse).

Print the Engineering Details pages at the end of this guide - 1 set
per team.

Overview: Student teams complete Planning Game to determine
design components of a habitat on the Moon. Teams consider
various design solutions on engineering systems (ex: food, water,
power) and health and wellness considerations (ex: hygiene,
exercise, entertainment). The game also has budget and power
limitations to help develop realistic solutions.

Explain: Introduce the game with the provided Lunar Lava Tube
Habitat Planning Game student handouts. Show students the two
game boards (engineering and mental health) and the
corresponding game cards (each board has its own set of cards). At
the bottom of the card, “E” is for engineering and “H” is for
Health and Wellness. The colors correspond to the zones. For
example, “Food System” cards are all green.

Each team has a budget of $100 billion, which must be equally
divided between the 2 boards.

Engineering Board: The max budget is $50 (billion). Max power (lightning bolts/sparks) is
determined by the energy source. Note that some options required a back-up source. Backup
sources are the fuel cell and battery cards. Total power is the combination of all power cards
selected. For example: Solar Panels (40) and a Battery (5) gives you a max of 45 lightning bolts
of power. Teams cannot exceed the maximum power even if they have money left.

Students working on the Engineering Zone should refer to the Engineering Details to learn more
about the technologies.

Health and Wellness Board: The max budget is $50 (billion). Cards must also provide a
minimum of 50 smiley faces (happiness). Each spot on the board must have a card.

Your Solution Cards: There are extra cards for students to create their own solution
including entertainment and Your Choice Zones. Students should brainstorm ideas that are
realistic and keep astronauts alive, happy and healthy. If using laminated cards, consider having
a Dry Erase marker for writing on the card. For these cards, solutions need to be a physical
space like a gym or medical center as each card represents an area to be build in the habitat.

See Next Page >>>>
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BRAINSTORM SOLUTIONS: Planning Game, continued
Activity 6, continued
How to play:

Students will play the game by reading the cards for each zone.
Teams will discuss the pros and cons of each card while staying
within budget and power constraints and while maximizing human
health and wellness (happiness). Each solution card provides details
that are based on real technologies being developed by NASA.

&
Engineering Zones: Budget Tracking , 4&

M oudye 3 850 AT

Assign 1 - 2 team members to complete the included handouts as the
team plays and make decisions. They will track budget, power
(lightening bolts), and happiness (smiley faces) for each board.

Notes to Teacher

o
o Suger,

i
0 (B

Activity 7: Lunar Scenario Challenges

Test Solutions: After solutions are finalized, teams will test
their habitat design using the provided real-world scenarios
on the student handout.

» Students should use this opportunity to re-design and
improve their habitat concept if they determine too much

risk is involved.
=)
) ) .oscha\\eng
* Students should discuss each scenario and complete the Lunar Scenar!
3 e e cenario DEVCY
hand as they address each scenario. E TemNAT g each £t
ot desian 10 1% o your “:p ssible
it S o affecte 5 any PO
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Page 12

4. DESIGN HABITAT LAYOUT A

Once students have redesigned and finalized the engineering and health e
and wellness zones, teams will first sketch the overall layout of their 7
habitat (Activity 8, Step 2). They should keep in mind the constraints 0
(found in Step 1). Then, they will create a layout of their design on a larger
scale (Step 3). This is a visual explanation of what they plan to build. The
design/layout will be presented via video to a STEM subject matter expert
who will mentor them by providing feedback.

Activity 8: Design the Habitat

Preparation:
e  Print the “Habitat Sketch Layout” handout and provide 1 to each team.

e If your teams will submit their habitat in the NWAY Desigh Competition, it may be helpful
to print the “Requirements and Constraints” page from the Competition Handbook.

e  Provide teams with sticky notes, colored pencils, pencils, poster board or large paper and
other supplies they may need to draw/sketch and put their concept together on paper.

Step 1. Constraints

If participating in the design competition, provide students with the Requirements and
Constraints. Read through the list out loud or call on students to read. Discuss and/or clarify any
items as needed.

Step 2. Plan Overall Layout:

Students will think about their overall habitat design within a lunar
lava tube. Have each student on the team sketch their idea for the
overall habitat layout. Then, as a team they should then bring the
individual ideas together to finalize one overall lunar lava tube habitat
layout and sketch on the handout provided.

Step 3. Plan Zone Placement:

Next, teams will move from their small sketch to a posterboard or
large butcher paper that will be the same size as their competition
board (approx. 22 x 28-inch). Students will create a layout of the lunar
lava tube habitat they plan to build.

1. Provide each team with a standard poster board to represent the area for their habitat. Note
- their habitat does not need to stay in a rectangular shape!

2. Students will cut out colored paper to represent each zone solution. For example, students
need to cut out an area for their water, food, and power system solutions. The paper will be
placed on the poster board and arranged to create the habitat blueprint.

a. Use one color for engineering and a second color for
health and wellness.

b. More advanced teams may wish to incorporated
different elevations. We recommend using another color
paper to represent the higher elevation or a two-level
habitat.

c. Keep in mind this layout represents what teams plans to
build. A more complicated design will be more difficult
to build!
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Lesson Guidance, continued:

Activity 9: Prepare and submit Introductory Video [Deliverable #1]

Once students have finalized their lunar lava tube habitat layout, they will
prepare a 3-minute video for their STEM mentor. In this video they will
introduce themselves and their school or club, display and explain their
mission patch, and walk through their habitat layout.

Preparation:

e  Students will need access to video and audio technology. Options
include phone or tablet, and presentation software such as
PowerPoint, etc.

e  Print and pass out the Habitat Design handout. Teams should review
the instructions and guidance on creating their video.

Notes to Teacher

Video development suggestions:

e Using a cell phone or tablet, teams can take pictures of their mission
patch and each section of their habitat layout. Make sure to take
pictures and video from a variety of angels. Then, using a presentation
software, the pictures can be arranged as a presentation. Using voice-
over, the students can explain each photo.

e Using a cell phone or tablet, teams can use video software to walk
through their habitat and explain each section.

*  Make sure video and pictures are close enough so mentors can clearly
see the detail.

e  Students should prepare a script and rehearse several times before
creating the video and audio.

Each team will be assigned a mentor who will
review the video and provide feedback. The
mentor will also provide an introduction of

themselves and an explanation of their STEM

career including their educational background.
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5. BUILD -- TEST -- REDESIGN o Redesinbsednrecdback (5

DIRECTIONS: Use the table below to organize the feedback provided by your mentor. As
a team discuss each point and how you might improve your design.

Before starting the process of building, students should reflect on |‘mm:::im siecs | e mreenens
feedback provide by their mentor (Activity 10). They should

discuss the feedback as a team and decide what changes to make
to their layout and mission patch. Once teams are ready, it’s time
to start building (Activity 11). e

nd point. pravided by mentor:

Activity 10: Incorporate Feedback and Redesign

Preparation:

e Print “Redesign” handout. 1 per team.

Teams should discuss what they learned from their mentor and
decide on changes they would like to make to their habitat.
Students will record the improvements on the handouts.

Activity 11: Build 3D Habitat Model (Deliverable #2)

Now the fun - and mess begins - students will bring their lunar
lava tube habitat designs to life by creating a 3D model from
recyclable materials!

Preparation:

« Pass out the “Build Habitat Model” handout and read out
loud as students follow along.

« Provide teams with posterboard, scissors, glue gun, tape,
and other craft supplies.

e Provide teams with clean and safe (non-toxic) recyclable
materials that have been gathered.

« Refer to the constraints and requirements if participating
in the design competition.

« Refer to the Habitat scoring rubric provided in the
Competition Handbook. You may want to provide a copy
of these pages to each team.

TIPS:

» Use Habitat layout (Deliverable #1): Teams can refer to their design layout and decide which
recyclable materials may work for their 3D habitat model. Teams might consider tracing the
zones onto the board before assembling their model.

» Assign team roles: Assign each team member a specific zone to build. For engineering zones,
refer to the Engineering Details handouts used during the planning game for more background
information and images to help with building. Students may wish to search for additional
information and images.

» Collaboration: While specializing is good, remember that building the 3D habitat model is only
one part of being a team member. Each student should be able to clearly explain each zone
and explain why each component in the model was selected and placed in each zone.

« See rubric in the Competition Handbook for more! (If students will join the competition.)
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6. SHARE SOLUTION

Once students have finalized their 3D lunar lava tube habitat model, they will prepare a 5-minute
video for competition judges.

Activity 12: Prepare and submit Final Video [Deliverable #3]

In this 5-minute video, students will introduce themselves and their school or club, display and
explain their mission patch, walk through their habitat, explain their research findings and their
EDP process. Students will also be asked to show their project notebook to include their
engineering design records and well as their project management.

Preparation:

e Students will need access to video and audio technology. Options include phone or tablet,
presentation software such as PowerPoint, etc.

»  Print and pass out the Prepare Final Product handout. Teams should review the instructions
and guidance on creating their video.

Note - see the Competition Handbook for Deliverable #3 requirements and suggested outline.

Video development suggestions:

e Using a cell phone or tablet, teams can take pictures of their mission patch and each
section of their 3D habitat. Make sure to take pictures/video from a variety of angles.
Then, using a presentation software, the pictures can be arranged as a presentation.
Using voice-over, the students can explain each photo.

e Using a cell phone or tablet, teams can use video software to walk through their habitat
and explain each section.

e Make sure video and pictures are close enough so judges can see the detail.
e  Make sure the camera moves at a slow pace so that everything can be seen clearly.

e  Students should prepare a script and rehearse several times before creating the audio.
All students should participate in the video.

The NWAY team will provide specific instructions on how to upload videos for review and how to
receive the judges scoring and feedback.

AR
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NOW WHAT???

It’s time to CELEBRATE!!!!

Have a party, play a fun game, invite parents and community to celebrate and
see the final products!

REFLECTION
Activity 13:

Preparation:
e  Print “Reflection” handout. 1 per student.

Students should have the opportunity to reflect on their experiences designing a habitat on the Moon
using a lunar lava tube. Students can answer the questions individually and then discuss as a team,
and as a class. Prompting questions are provided in the student handout.

' e womeow Reflection I I

Student Name:

DIRECTIONS: Think back to the enginesring that you used to complate the Lunar Lava
Tube Habitst Challenge. Answer the questions  on your own.

Then, with your discuss the questi share your answers.

“Your teacher may ask your team to present your 1o the class.

o o O

1. What was the thing you liked the most about the design challangs?

2. What surprised you about designing a habitat on the Moon?

3. What do you think would be the most challenging part for enginesrs designing a habitsh?

4. Would you like to live and work in your habitat on the Moon? Why or why not?

5. How would you advertise your habitat to MASA that your habitat would be safe for
astronauts? And that it would keep them healthy, happy, and sble to sxplore and conduct
science.
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The following pages are for the student teams. They
are shown in order of the Activities as explained in the
Teacher Notes section of this guide.

Student Handouts
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Mission to a Lunar Lava Tube

NASA is planning to send humans back to the Moon in 2025.
What would a habitat on the Moon look like?

THE JOURNEY TO THE MOON

NASA plans to return to the Moon by 2025. This
mission is part of the Artemis lunar exploration
program that uses new technologies to explore
more of the Moon than ever before.

CHALLENGES OF THE MOON

The Moon is not a friendly place for humans!
Everywhere you look is a bleak, lifeless
landscape filled with sharp regolith (lunar dust
and soil). No plants, animals, or oceans exist.
The lack of atmosphere provides no oxygen for
breathing and no protection from meteorites or
deadly solar radiation. The temperature ranges
from boiling hot to freezing cold. A night on the
Moon lasts for two weeks!

Artist concept of a lava tube skylight
Credit: NASA

Artist concept of a lava tubes intricate systems
Credit: NASA

Artist concept of lunar base
Credit: NASA

A FUTURE FOR HUMANS ON THE MOON?

So, can we really survive all these challenges on
the Moon? It may be possible by living in Lunar
Lava Tubes! Scientists have identified multiple
skylights, or openings, to underground tunnels
that were once filled with lava. Back when the
Moon was full of active volcanoes, the burning hot
lava that erupted from them flowing down into
the lunar surface and carved out huge, extensive
tunnels all underground!

Scientist hypothesize that these lava tubes on the
Moon may be big enough to house entire cities and
can act as a safe transportation system below the
lunar surface. If so, they would protect humans
from some of the harsh conditions of the lunar
surface. Building structures within the lava tubes
may allow us to live safely on the Moon. There’s a
good chance that there is iced water at the
bottom of these tubes, too!

Now it is time for you to dream up a way to live
underground in the lunar lava tubes! How will you
keep humans alive? How will your habitat be
structured inside the tubes? It is time to answer
the challenge! Be creative, but realistic, and
design your habitat on the Moon!
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new wosLos Lunar Habitat Challenge: Lava Tubes

Your Mission:

NASA has selected your architecture and engineering team to plan a habitat for
astronauts on the Moon! Using a lava tube for all or part of your habitat, your
team will design and then build a physical 3D model of your habitat using
recyclable materials. The habitat must be able to keep 10 astronauts alive,
happy and motivated so that they can fulfil their work duties which include
exploration and science.

Your Team Name:

Team Members:
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e voe Mission Patch

Team Name:

DIRECTIONS: After discussing your team’s mission and goals, sketch an initial design of your
mission patch in the space below. Remember, you can make changes to this patch as you go
through the project. Make sure to save this in your team binder.
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Yoo Identify The Problem: Part1

&2

Team Name:

DIRECTIONS: To create a new home away from planet Earth, we first need to think
about our life on Earth. What do humans need to survive on Earth? What do humans
need to be happy? Is there anything you would change about our society here on

Earth?

Maintain human survival
Let’s first think about what is essential for humans to live a long life on Earth. In each
row, describe how our Earth provides this essential part of life.

Human How do we get this on Earth? Describe any challenges on Earth

Health

Air Oxygen from the Earth’s atmosphere. Pollution from cars and factories
Plants convert carbon dioxide into contaminates the air in many big cities.
oxygen through photosynthesis.

Water

Food

Shelter

Medical
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3

rew womLos Identify The Problem: Part2 :
SUAIT § v

Team Name:

DIRECTIONS: Staying alive is not enough, humans also want to be happy and enjoy
their life. Part of happiness is having a purpose in life, including employment and
learning, and a structured society that keeps us functioning and safe.

Maintain human social and mental wellness
Let’s think about what keeps us happy and our society functioning and safe. List at
least 2 examples for each row. Describe why this is an important part of our society.

Human . ..
. Examples on Earth Why is this important?
Happiness
Government The United States has a democracy where A government keeps society organized
the citizens have a vote to elect public and safe. Without a government, humans
officials. have no rules.

Entertainment

Social
Interactions

Jobs

Personal space

Teacher Check! Show your team results on Part 1 & 2 to your teacher for approval before
moving to the next part of the engineering design process. Teacher Initials:
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The Moon is desolate and hazardous place that does not support
any known life. How can engineers design solutions to overcome
the challenges of living on the Moon? More facts at:
https://solarsystem.nasa.gov/moons/earths-moon/overview/

The side of the Moon we can see from Earth is called the Near
Side. We never see the Far Side from Earth because the Moon is in
synchronous rotation with Earth.

Location

The Moon is 238,900 miles (384,400 km) away from the Earth
Communication between Earth and the Moon has a delay of about 2.5 seconds.

A day on the Moon is about 29.5 Earth days. A day refers to the Sun returning to the same
position in the sky. So, on the Moon, there are 2 weeks of daylight followed by 2 weeks of
darkness!

Temperature

The Moon is freezing cold. When in darkness, the Moon is about -280 °F (-173 °C).
The Moon is boiling hot. When in full sun, the Moon is about 260 °F (127 °C).

Atmosphere

A very thin atmosphere provides no protection from the Sun or oxygen for breathing.
No protection from deadly solar radiation (energy emitted by the Sun) or meteorites.
The thin atmosphere has little pressure - almost like the vacuum of outer space.

No weather or wind. This means no clouds to block the sun.

The sky always appears black.

No sound can be heard on the surface of the Moon.

Gravity

The Moon has 1/6 the gravity as compared to Earth.
A 100-pound person (45 kg) would weigh about 16 pounds (7 kg) on the Moon.
Lower gravity on the Moon means you can jump 6 times higher than you can on Earth!

Lunar Dust

The gray surface layer of the Moon is called regolith and is made of lunar dust, soil, and
broken rock. Regolith contains oxygen, silicon, aluminum, iron, and other minerals.

It may be possible to use regolith as building material for habitat structures.

Lunar regolith has the consistency of powdered glass with jagged edges that clings to
everything. It can cause health issues and clog buttons and hydraulic systems of spacecraft.
Crops cannot grow in lunar soil without fertilizer and other conditioning.

Other Features

Water ice has been discovered deep inside craters at the Moon’s poles.
Lunar poles provide areas where sunlight is year-round.
Moonquakes occur periodically on the Moon.
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new womLos About Lunar Lava Tubes

SWEIT Y04

Billions of years ago, the Moon's surface was dominated by active
volcanism. When the volcanoes erupted, basaltic lava would flow
across the lunar surface. In some cases, the top and sides of a flow
or a pool of lava would cool and solidify. However, the interior was
still flowing with molten lava. Once the molten lava drained out
from the interior, it left tunnels in its place. We call these tunnels
Lunar Lava Tubes. This process also happens on Earth. Some of the
more famous lava tubes on Earth are found in Hawaii and Idaho.

Lunar scientists believe some of the lunar lava tubes may be big enough
to house entire cities! More Information here:
https://www.nasa.gov/solar-system/nasas-lro-finds-lunar-pits-harbor-
comfortable-temperatures/

Locations

e On the Near Side of the Moon are the Lunar Highlands and the Lunar Mare.

« The Highlands are marked by mountains and craters. The Lowlands are characterized by
lava plains which are named “Mare”.

e Many lava tubes are formed on the boundaries between these two terrain types.

Temperature

o The temperature stays around -4 °F (-20 °C) inside the lava tubes.

«  While this is cold, it is much better than the -280°F (-173°C) of the Moon’s surface.

« The lava tubes can protect humans from the extreme temperature changes during the lunar
day and night.

Other Features

« Some scientists believe it is possible for water to be at the bottom of the lava tubes.
« There may be an entire maze of lunar lava tubes below the Moon’s surface.
« These lava tubes may be completely closed off by solidified lava inside them.

The Marius Hills Skylight
In 2009, a Moon-orbiting spacecraft took a photo of a hole beneath the Marius Hills. This hole is

called the Marius Hills Skylight; it is an opening to what scientists believe is a huge underground
lava tube. Other skylights, pits and tubes have also been identified on the Moon’s surface.

kylights, Pits, and T

o AlR
RN

Marius Hills Skylight Mare Tranquillitatis Pit Mare Ingenii Pit
34m deep 100+m deep ~60m.deep
65m x 90m wide 85 m to 97 m diameter 101m x 66m w/ 45deg slope
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The following are the category headers for sorting the cards.
Print, cut out, and provide to each team.

Needed to maintain health
and well-being

(Category 1)

Needed to maintain survival

(Category 2)

Needed for exploration and
science missions

(Category 3)

Not needed in our lunar lava tube habitat

(Category 4)




The following are the cards to be sorted. Cut out and provide to each team

Air pressure

Energy Sources

To power equipment & electricity

Nutrient rich food that
can be grown in different
atmospheres

Breathable Atmosphere

Protection from harsh
environmental elements
such as radiation and
extreme temperatures

3D Printer

Science Labs

Parks and trees

Music/Entertainment

Communication with
NASA




The following are the cards to be sorted. Cut out and provide to each team

Exercise Equipment

Jobs

(Everyone is assigned a role)

Hygiene Equipment

Perfect temperature

(Ex: shower, toilet) range
Liquid Water Medicine/Biomedical
Technology

Access to educational
resources

A financial system

Escape plans

Government




The following are the cards to be sorted. Cut out and provide to each team

Justice System

(Fines/Courts of Law/Judges/Prisons)

Internet accessible
devices

(Computers, Phones)

Sports & Games

Communication with
family & friends

Junk Food

(Ex: Candy, chocolate, ice cream)

Recording Equipment

(seismograph, spectrometer,
magnetometer, cameras)

Personal Items

(photos, books, toys, IPAD, video
games, MP3 players)

Lunar Dust Reader

Private personal space

Regolith Decontaminator




The following are the cards to be sorted. Cut out and provide to each team.

Pets/Animal
Companionship

Limits on food

Counselors

(Individuals for personal guidance)

Extra EVA suits

Places to dispose waste

Decontamination station

Security personnel and
Technology

(Surveillance Systems/Self Defense
Equipment)

Recreational Buildings

(Place of community facilities and
resources)

Cleaning supplies

(Brooms, Mops, Vacuums, Wipes)

Transportation Systems

(On the lunar surface and in the lunar
lava tubes)




The following are the cards to be sorted. Cut out and provide to each team.

(add your own item)

Cookbooks and Recipes

(add your own item)

Internet Access

(add your own item)

Storage Space

(add your own item)

Telescope

(add your own item)

Office supplies
(tape, paperclips, pencils, scissors,
etc.)




) Prioritize —Card Sorting 1‘%@
1=

Team Name:

DIRECTIONS: Your team has been provided a set of possible components to your lunar
lava tube habitat. As a group, discuss the components and sort the cards into three
categories. If you decide that components are missing, use the blank cards and write
in the missing components.

Keep in mind that some cards may be applicable for multiple categories, but do your
best to put it in the category that you believe is the most relevant:

1. Needed to maintain human’s survival
2. Needed to maintain human’s mental and social well-being
3. Needed for exploration and science

Write your final lists below, in priority order.

Needed to maintain Needed to maintain Needed for exploration
health and well-being survival and science missions
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E WORLDS °
awarr vou Planning Game

Team Name:

NASA has selected your architecture and engineering team to plan a habitat for
astronauts on the Moon! Your design will use a lava tube for all or part of your

habitat. This planning game will help with your habitat design. You need to
consider keeping 10 astronauts alive, happy and motivated so that they can fulfil
their work duties which include exploration and science.

1. Read all cards carefully.
» Learn about the components and any hidden risks that you may want to
consider.
» Pay attention to the Smiley Faces and Power Sparks provided by each item.

2. Choose cards for the Engineering Zone and the Health & Wellness Zone: only
one card per spot.

3. All zones are required including the “extra zones.”

4. Zone constraints are shown below.

Engineering Zone Constraints

Health/Wellness Constraints

Maximum Budget:
$50 (Billion)

Maximum Power:
Depends on source

Maximum Budget:
$50 (Billion)

Required Happiness:
50 Smiley Faces

Team Member Roles

Engineering Zone Roles

Health/Wellness Roles

Project Director

Project Director

Budget Tracker

Budget Tracker

Power Tracker

Smiley Tracker
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J ajq{:: I‘;E:?:\f D5 Plan n i n g Game

Team Name:

Engineering Zone: Budget Tracking
Maximum budget is $50 Billion.

System Name Cost $

Power -

Optional Back-up
Food

Optional Back-up
Water

Transportation (getting water to your habitat)

Communication Antenna
Oxygen

Science Labs

Your solution:

Habitat Services )
Your solution:

Total Cost:
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0 W Planning Game

Team Name:

Engineering Zone: Power Tracking

Maximum power is based on power source.

System Name Power Sparks

Power
Optional Back-up

Food
Optional Back-up
Water
Transportation (getting water to your habitat)
Communication Antenna
Oxygen

Science Labs

Your solution:

Habitat Services

Your solution:

Other

Total Power Sparks:
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e woseos Planning Game

Team Name:

Health/Wellness Zone: Budget Tracking
Maximum budget is 550 Billion.

System Name Cost $

Eating

Hygiene

Sleeping

Your solution based on team sparks/power:

Your solution based on team sparks/power:

Entertainment

Your solution based on team sparks/power:

Your solution based on team sparks/power:

Your solution:

Your solution:

Habitat Services

Your solution:

Your solution:

Total Cost:
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Team Name:

Planning Game

Health/Wellness Zone: Smiley Tracking

Need 50 smiley faces to reach optimal level.

System Name Smileys
Eating
Hygiene
Sleeping
Your solution based on team sparks/power:
Your solution based on team sparks/power:
Entertainment

Your solution based on team sparks/power:

Your solution based on team sparks/power:

Habitat Services

Your solution:

Your solution:

Your solution:

Your solution:

Total Smiley Faces:
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Lunar Scenarios Challenges

Team Name:

DIRECTIONS: It’s time to put your habitat design to the test! Read each scenario below.
For each scenario, describe which zones will be affected. Does your habitat have what
it needs to survive these possible disasters? Brainstorm and discuss any possible

improvements to your design.

Test and Evaluate —Part1 Lj

Scenario

Zone Affected

Possible solutions

Current water source has
become contaminated and is no
longer usable.

A large meteor shower is
penetrating the thin lunar
atmosphere. Anything above-
ground is at-risk for damage.

A strong solar storm is forecast
to hit the Moon. Meteorologists
predict it will last for 24 hours,
advising to shut down power for
all electronics and
communications during the
storm.

After eating the same foods for
months, astronauts are getting
bored and depressed because
of limited food options.

Part of the lava tube is starting
to crumble. It may collapse and
fall on the habitat.
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Lunar Scenarios Challenges

Team Name:

Test and Evaluate—Part 2 S

Scenario Zone Affected Possible solutions

Astronauts are depressed and
unmotivated after being stuck in a
small space for so long.

Friends and family back on Earth
are missed.

Seeing the same people for a long
period of time, astronauts are
getting annoyed with each other.

Because of the lower gravity,
astronauts are losing bone and
muscle mass.

The moon’s regolith has damaged
the lunar rover mechanical
system, and it is no longer safe to
use as transportaion for the
astronauts.
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T S Habitat Layout Sketch IZBD ‘
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Team Name:

DIRECTIONS: You have the components of your design, but what will your habitat look like?
Where will everything be positioned within the lava tube or near by?

Questions to consider: Do you want everything in the same area? Or do you want to each zone to be
in its own area? Is everything within the lava tube? Will some things on be on the Moon’s surface?
Do you want areas of different elevation?

Remember, your habitat does not have to be a rectangular shape!

Sketch a general layout of your habitat including your selected components.
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Habitat Design (DELIVERABLE #1) 17“=rﬂ
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Team Name:

DIRECTIONS: On the posterboard or large paper provided by your teacher, you
will create a large-scale layout of your habitat design. This is a visual explanation
of what your team plans to build. The design layout will be presented via a 2-
minute video to a subject matter expert who will mentor your team by providing
feedback on your design.

« To best present your design to your mentor, you should carefully create
your design and clearly label your zones and components.

« You may want to use different colored paper for each zone.

« Remember, at this point, you are presenting your layout. This is not your
actual model. This layout will give you and your mentor a better idea as to
how your habitat is coming together.

« Make sure to highlight the features of a lava tube that you will use to best
protect or support your habitat.

Once your habitat is laid out, you will be ready to create your 3-minute video
presentation.

A few video development suggestions:

« Your teacher may provide you with a suggested outline for your
presentation.

« Use a cell phone or tablet, take pictures of your mission patch and each
section of your habitat layout. Make sure to take pictures from a variety of
angels. Then, using a presentation software, you can arrange the pictures as
a presentation. You can use voice-over to explain each picture.

« Using a cell phone or tablet, you can also use video software to walk
through your habitat layout and explain each section.

« Make sure video and pictures are close enough so mentors can clearly see
the detail of your habitat layout.

« Your team should prepare a script and rehearse several times before
creating the video and audio. All team members should participate in the
video so that your mentor gets to know you!
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Redesign based on Feedback

Team Name:

DIRECTIONS: Use the table below to organize the feedback provided by your mentor.
Your team should discuss each point and how you might improve your design.

Zone

Feedback Affected

Possible Improvements

1st point provided by mentor:

2nd point provided by mentor:

3rd point provided by mentor:

4th point provided by mentor:

5th point provided by mentor:
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o Build Habitat Model (DELIVERABLE #2)

Team Name:

Congratulations! Your team has worked very hard to identify the problem,
conduct research, create a design and now .... you are now ready to build your
habitat model!

Based on your improved design, you will use recyclable materials to create a 3D
model of your habitat.

Your teacher will provide the requirements and constraints to guide your team.

A few suggestions as you build your habitat:

- Use the habitat layout (Deliverable #1): Your team should begin by referring to
your design layout and deciding which recyclable materials may work for your
3D habitat model. You might consider tracing the zones onto the foam board
before assembling your model.

« Assign each team member a specific component to build or work in small
groups of 2 or 3.

- For team members building the engineering zone components, additional
handouts are provided with more background information and images to help
with building.

« You may also conduct and Internet search for additional information and
images on various components.

« Collaboration: While specializing is good, remember that building the 3D
habitat model is only a part of the project. Each team member should be able
to clearly explain each zone. You should also be able to explain why each
component in the model was selected and placed in each zone.

Let’s Build Your
Lunar Lava Tube

Habitat!!!
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Team Name:

DIRECTIONS: It’s time to share your hard work and your final product. Your team
will prepare a 5-minute video. In this video your team will:

* Introduce yourselves and your school or club,
» display and explain your mission patch,

» and walk through your habitat (3D model).

While you walk through your habitat, you will explain:
» your research findings: why did you decide to include the components you did?

» the Engineering Design Process you implemented.

You will also show your project notebook that includes your:

» engineering design records including your sketches and challenge scenario
results

« project management.

A few video development suggestions:

« Using a cell phone or tablet, your team can take pictures of your mission patch
and each section of your 3D habitat. Make sure to take pictures/video from a
variety of angles. Then, using a presentation software, the pictures can be
arranged as a presentation. Use voice-over to explain each photo.

- Using a cell phone or tablet, you can use video software to walk through your
habitat and explain each section.

« Make sure video and pictures are close enough so judges can see the detail.

« Make sure the camera moves at a slow rate so that everything can be seen
clearly.

« Your team should first prepare a script and rehearse several times before
creating the audio. All team members should participate in the video.

Good Luck!
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J—— Reflection

Student Name:

DIRECTIONS: Think back to the engineering design process that you used to complete
the Lunar Lava Tube Habitat Challenge. Answer the questions below, on your own.
Then, with your teammates, discuss the questions and share your answers.

Your teacher may ask your team to present your results to the class.

1. What was the thing you liked the most about the design challenge?

2.  What surprised you about designing a habitat in a lunar lava tube?

3.  What do you think would be the most challenging part for engineers designing a habitat using
a lunar lava tube?

4. Would you like to live and work in your habitat on the Moon? Why or why not?

5.  How would you advertise your habitat to NASA and explain why your habitat would be safe
for astronauts? And, that it would keep them healthy, happy, and able to explore and
conduct science.
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Details

The following pages are for the student teams as they
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Artist

A solar panel converts sunlight into electricity.

Solar panels actually comprise many, smaller units called
photovoltaic cells. Photovoltaic simply means they convert sunlight
into electricity. Many cells linked together make up a solar panel.

Solar cells are composed of silicon which is found in lunar regolith Convert the sun into electricity.
. . Battery storage required.
They can be built up high and rotate to follow the sun. : F_ng'onmeﬁlall_\qh'iendl}'

. : » Sunlight is predictable on Moon
Challenge: need constant sunlight to get energy from solar panels. A - Some materials exist in regolith
night on the Moon is about 14 days long; however, the lunar poles Regolith may cause damage
receive sunlight up to 90% of the time.

L]

s Only works with sunlight
e lLoses efficiency over time
» Works best near poles

You can build multiple solar panels so one is always in daylight, or
you can place solar panels in orbit and beam the power down as
microwave rays

Ideas for 3D model

Solar Panel array
Rotate with sunlight

Outside

depiction of a lunar base with solar
panels.

e A battery storage area is a necessary part of your colony
to provide continuous power to essential systems.

e Batteries store excessive energy

During the nighttime periods (if using solar energy),

batteries provide the necessary electrical power. The

batteries recharge each "day" (using only part of the

electricity produced by the solar cells) and discharge

:;\@ each "night” to keep the colony supplied with electricity.

Stores power to use as needed. Ideas for 3D model

Backup power source only.

e Reliab

e Not affected by weather

e Heavy

e Must be recharged
e Must be periodically replaced

/

le

Power Control Area
Structure that is well protected from elements
Screens to show amount of battery stored

- Venting to prevent overheating




Use the power of the sun to create electricity!
How it works: ¢
Long curved mirrors reflect sunlight at a tower in the middle | Provides 40 i

A WN =

Inside the tower is a liquid like water or oil
The sunlight heats up the liquid to produce steam

ey Y

Convert sun into electricity.

Battery storage required.

The steam powers a generator or turbine to get electricity Environmentally friendly

Using for Water & Oxygen Production

e Lunar regolith (soil) contains minerals that have
water and oxygen

e Solar concentrators can focus sunlight to power a
furnace or large oven.

e Regolith will be added to the furnace and heated.
This will release water vapor (H20) to use as a
water source.

e Some of the water vapor can be added to another
process called electrolysis. This splits apart the
hydrogen and oxygen in the water. Oxygen is
stored for usage and hydrogen is recycled back
into the process.

Extract from Regolith
Concentrator Aray -
Use solar concentrators and a
Ot Warsgde— V[ g ety o Tl Pows Poghic sl
e Regolith contains oxygen rich
T‘::m’ - ;
Processing space
Ideas for 3D model (water & oxygen)
e Solar concentrator
e Furnace for regolith to be heated.
Storage for water and oxygen.

Sunlight is predictable on Moon
Regolith may cause damage
Only works with sunlight

Never been done in space
Works best near poles E9

Ideas for 3D model (energy)

e  Mirror array (Rotates with sunlight)
e Tower where light is focused

Outside

REGOLITH COMPOSITION* Silicon Calcium
21

Iron  Aluminium  Other

13 6 4




A nuclear fission reactor used in space: splits uranium atoms in a reactor
_ to generate heat that then is converted into electric power.
e Harness energy from splitting atoms to generate electricity
e No sunlight needed

Z' v 5 e A mini-nuclear reactor is about the size of an office trash can. A
Provides 80 iy . .
e —— radiator would extend into space to release heat.

Harness the energy from splitting e Heat radiators needed to release heat into space to prevent

or fusing atoms to generate .

electricity. overheatlng

s Lightweight and high-capacity .

~ NASA-tested technology e Can be buried underground

s Works anywhere e . . . .

e Need specialized skills to fix e Negative: radioactive contamination

* Nuclear accidentls possible e  NASA has successfully demonstrated a new nuclear reactor power

E6

system: Kilopower is a small, lightweight fission power system
capable of providing up to 10 kilowatts of electrical power - enough
to run several average households - continuously for at least 10
Nuclear reactors Ideas pictured years. Four Kilopower units would provide enough power to establish
Heat radiator an outpost. (More info: http://bit.ly/kilopowernasa)

Reactor may be buried for
protection

Ideas for 3D model

Heat Radiators

e A hydrogen fuel cell combines hydrogen and oxygen to produce
electricity. They produce water as a byproduct.

e Works similar to a battery, but they never need to be recharged and
works as long as hydrogen and oxygen are added

e Sustainable option: Use solar power to run an electrolyzer to split water
or regolith on Moon into hydrogen and oxygen. These are used by fuel
cells to generate electricity.

More background: http://bit.ly/Fuelcell

oy

Vo ; ¥ /_:~
Provides 5 / o

Use hydrogen and oxygen to
produce electricity. Backup power
source.

Ideas for 3D model

e Lightweight & long lasting
e Lower power system
e Technology under development

Hydrogen tank / Oxygen tank
Fuel cell (picture to right)

Next to solar panels Fuel Cell.
Wires to run power to colony

E7




Aquaponics Farming

Farming

Crops will need nutrients and water that are not easily found on the Moon
The Moon has harmful radiation, extreme temperatures, and meteorites
that will kill crops. Plants will not grow in lunar regolith.

e Farming is labor intensive, and people will nheed to spend many hours for ﬁ,r::sv E;ilﬁf J;?r“vfﬁg'ggﬁac
maintenance, and emergencies may easily destroy a farm. Back-up food BEOVAIE REENS:
supplies will be needed.

e Large amounts of space will be required to grow enough food for all the
habitants.

e Plants need carbon dioxide, water, and sunlight to survive. Humans provide
CO2 from breathing. Plants provide oxygen.

GROW
TRAY " .
Jf/ (tuehe) Grow plants without soil. Fuse
nutrients directly into water
system.

A A
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# AIR STONE

e Underground: use LED lights
e Above ground: sunlight from a
AIR greenhouse
FUKMP Plants make humans happy

R }
RESERVOIR

sunlight

+  dioxide

snature
N 2008 Encyolopadia Eritannics, Inc.

Greenhouse: A structure that is transparent and allows sunlight to enter.
Underground or covered farming area: to protect from radiation, meteorites,
and cold temperatures. Options to get sunlight:

e Solar panels above ground will collect sunlight, and fiber optic cables
channel sunlight from the surface to the plants.

LED lights can also be used to provide artificial sunlight to grow plants. Ideas for 3D model
Another option is having a_partly underground tube with sunlight
reflected inside with mirrors.

Hydroponics allows farmers to grow plants without soil.

e Plants will grow with their roots exposed to the mineral water solution.
All the nutrients that are in soil will instead be injected directly into
water.

e Aquaponics is the same idea, except fish live in the water and their
poop provides nutrients for plants.

e Rows for crops

e Different crops:
tomatoes, potatoes,
cabbage, beans, etc.

e Storage for tools and
seeds

e Seating area

e Light source

e Tanks for water, fish



https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Root

e
g

Bring small livestock such as pigs
and chickens for fresh meat and

eggs.
e Delicious food variety.

e Happier humans

= Very expensive.

e Unreliable. Animals might dic on

the journey or on the Moon. 43

e Cows are too heavy to bring on the Moon, and only 20% of its -
mass can be harvested as meat. Livestock: 3D model

e Chickens, hogs, or rabbits grow rapidly and pound for pound
eat much less feed than cattle. A herd of these can produce
5x it’s initial weight in edible meat over a year.

e Animals will require a lot of energy, food, and water to keep

e Chickens, hogs, rabbits
Pens for animals
Animal feed

alive.
e Lower gravity will impact animal health including muscle loss
(less meat)

Insect Farming e S

e While not popular in the USA, grasshoppers are a major source of
animal protein in Asia, Africa and South America.
Grasshoppers require much less energy to produce meat.

Grasshoppers are twice as efficient when converting vegetable mass Get protein from insects.
into protein as pigs, and five times as efficient as cattle. er s
e Rapid reproduction rate and short life cycle allows a stable and Reliable technology.
. h Great for backup food source.
continuous harvest. You are eating insects.
e Much easier to transport insects to the Moon than to send large Ontyane food type.
animals.

Grasshoppers: 3D model

e Grasshoppers
e Bins to hold insects




Seed Vault

A Global Seed Vault exists on Earth located in a
remote island halfway between Norway and the
North Pole. The vault holds the world’s largest
collection of seeds and is built to withstand
natural or man-made disasters.

Store backup seeds in a frozen

Seed Vault: Ideas for 3D model

vault in case of crop damage.

e Storage racks

° Bins

o Plastic bags with seeds
e Instructions

e Backup for farming.

Dehydrated Food

e Space food can be freeze-dried, pre-cooked, or dehydrated
(water removed).

e Drinks are also dehydrated including coffee and juice.
e If food or drinks are dehydrated, it cannot be eaten until the
water is added to it by means of a rehydration machine.

e Ovens can be used to warm foods.

Dehydrated: Ideas for 3D model

o Packaged Food
e Bins and racks for storage
° Rehyd rat'ion Machine Rehydration station adds water into

From meats to vegetables, a supply
of dehydrated foods.

e Back-up food source.

e lasts up to 10 years
e Limited supply.

Lab Grown Food

e Meat is “grown” from animal muscle cells through
tissue culture in controlled laboratory conditions.

e Combined with fat cells and additives for texture,
flavour and colour.

e Process takes two to six weeks.

e Cells from a single cow can produce 175 million

Lab Grown Food

’ .ll‘-’ﬂ
. » ='$10 |

O /.|
S

Grow meat from cells in a lab!

e Healthier

e Requires very little water.

e Technology still being
developed.

e Process takes 2 - 6 weeks.

e Expensive.

quarter-pounders compared to 440,000 cows!
e Much healthier than beef health implications.

Ideas for 3D model

e Environmentally friendly: 99% less land, 96% less water,

[ J
reduce greenhouse gas emissions by 74 to 87% versus o
traditional beef. o

Microscopes and petri dishes
Lab equipment and lab coats
Refrigerator for storage




Drill Ice in Craters

Drill for Water <

e To access underground water, it will need to be drilled and extracted. ¥ /
e The astronauts in your habitat need a way to transport water to the ? -
colony site for storage and use.

e Drill can also extract other useful minerals in the craters including Use a stationary drill access water
. O . . Only
Helium-3. This mineral could have a tremendous impact on Earth and thepoles e
the environment. Helium-3 is a clean, non-radioactive energy source ® Access water in craters
- ’ . : Drills deep underground
that could potentially power nuclear fusion reactors. A relatively small Drill can extract other useful
. . . . minerals inside crater
amount could produce enough clean fuel to power entire industries, if Need to transport water from

not the entire planet, i ’L.l.'Jf:‘ cltl':ner to the colony.
e Water extracted from craters could be used to produce hydrogen and —
oxygen. When separated, they could create rocket fuel and oxygen.

Outside

Drill: Ideas for 3D model

Drill: stationary or on a rover
Machinery around the drill
Piles of regolith from drilling
Maintenance area

Rover in Craters

Roverin

L3 = &3
e In craters at the poles, ice is located in permanently shaded areas

e Rovers can scoop up ice and place it in ovens to create water / 5
e Astronauts need a way to transport water to the habitat site for

storage and use.

e NASA is testing a new rover for drilling for water on the Moon: Use a rover to collect and heat ice
. . . . inside craters. Only for colonies in
Volatiles Investigating Polar Exploration Rover (VIPER) the poles

® Access water in craters
e Moves around to collect surface
ice

e MNeed to transport water from
the crater to the colony.

Wiy, LLC

Drill: Ideas for 3D model

Rover

Oven with solar panels
Storage of water
Maintenance area




Water Transportation

Transportation

How will you get your water to your habitat?

How will you transport and store
water? Required

1: Habitats in a lava tube: Need a way to lower the water from the Moon’
surface into the lava tube.

Your Solution

2: Habitats using solar concentrators: Need a way to transport water from
furnace to storage tank inside the habitat. Examples: pipes, rail system,
rovers, etc.

Storage & Recycling

You need to be efficient with resources including the use of water. NASA has been testing various
systems on the ISS for recycling water systems. One example is the Water Recycling System (WRS) that
reuses waste waters from fuel cells, urine, oral hygiene, and handwashing, and by condensing humidity

from the air.
e Wastewater is captured from the following areas:
o Toilet collects urine and waste
o Air vents collect water vapor from the air including humidity and sweat
o  Showers collect runoff water
e The recycling system filters out impurities and contaminants.
e The recycled water is used for drinking, showers, food prep, and experiments.
e The recovered water must meet stringent purity standards before it can be used by crew.

Ideas for 3D model

Pipes =
Large tanks i
Water level gauge

Knobs and control buttons
Pipes

Rovers or railway system
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Communication Antenna

Connect with Earth.

e Communicate with audio and
video to family and NASA

e Send scientific data

* Must be pointed directly at a
receiving antenna on Earth

e Only works on near-side of
Moon

€2019 Vivy. LLC E21

Large antenna for _ ' _ .
communicating with Earth High Elevation & Direct line of

site to Earth
The habitat will need to (1) communicate with Earth and

(2) between different facilities and rovers on the Moon. Ideas for 3D model
To communicate with earth: e Large antenna like a satellite
e Use a high-gain antenna on the Moon to transmit dish
signals to Earth e Tower for mounting antennas
e Signals will connect to the Near Earth Network (NEN) of e Antennas on rovers
satellites orbiting the Earth and send down to Earth e Antenna tower for Moon
communication

To communicate across the Moon:
e Use small antennas on rovers and astronauts when
they are exploring the Moon
e These antennas connect back to an antenna tower that
transmits signals across the Moon (just like a cell phone
tower that allows people to talk to each other on Earth)

Low-Gain
/ Antenna

High-Gain

/ Antenna

Antenna tower to
communicate across the
Moon.



	Slide 1:   Curriculum Guide to accompany the  2024 Lunar Lava Tube Habitat Design Competition  
	Slide 2: Curriculum Guide Table of Contents
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

