Teacher Guide :,?- Engineering
.3) Tomorrow

Green Hydrogen
Exploring Hydrogen Power & Electrolysis

PLANNING FOR THE CHALLENGE:

Total Time 100-120 minutes

~29 minutes to watch the lab introduction video

~20-30 minutes to design, build and test electrolytic cell

~20-30 minutes to measure the hydrogen gas collected

~15 minutes to answer questions in Student Workbook or Abbreviated Worksheet
~15 minutes for closing activity or discussion at teacher’s discretion

[Note: It is best to wait 24 hours to measure the gas collected as the chemical process happens slowly.]

(Note: An optional 30-45 minutes can be scheduled to do a Wrap-Up and QA with an Engineer and College Mentor at
Teacher's discretion).

Hook/Essential | What is green hydrogen? Is it good or bad for the environment?
Question

ET Green Hydrogen Kit materials can be found at the end of this file.
Supplies to
Have in Class Additional Items to Consider Having on Hand:

e Water or access to water for use in creating the water bath
Empty water bottles

[ ]
e Tape, Glue guns, or putty to help seal the straw
e Additional nickel coins for experimentation

Introduction Woatch the Engineering Tomorrow: Green Hydr n Intro Recording (found on the Engineering
and Procedure | Tomorrow website on the Green Hydrogen page) either as a class or assign background section as
pre-work.
Suggested discussion questions:

e Brainstorm and discuss what your initial idea of decarbonization is (@1:10, right before

what is decarbonization slide comes on)

e MCQ: Which category do you think emits the most CO,? Options: Electricity, Industry,
Buildings, Transport, Agriculture/land use/landfill (@7:18)
Discuss some ways CO, emissions can be reduced (@8:20)
Brainstorm different sources of energy that companies use today. Compare and contrast
their advantages and disadvantages (@9:55)

Optional Optional Pre Work assignment - students watch the first 10 min of the intro video independently
Prework and then answer questions on slides 1-13 in their workbook or the Introduction part of the
worksheet.

2024-08-15_v1.0


https://engineeringtomorrow.org/labs/green-hydrogen
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Work Time Students build their electrolytic cell and complete associated slides in their workbook or
worksheet. Note: The cell produces hydrogen slowly. It is recommended that students take measurements
after the cell is started and then again after it has been allowed to sit for 24 hours or next class meeting.
Testing Students take measurements and perform calculations to assess the volume of H,
(24:"7 'at;r or produced and complete slides for Step 5, the testing part of the challenge.
next class
Closing Possible Closing Questions and Optional Activities
e Why does the water in the straw not drain out when placed in the water?
At teacher’s e What factorsimpact H, generation rate? Salt concentration? Battery voltage? Electrical
discretion current? Water temperature?
Potential Extension Activities (Choose) - 20 min:
e Design areactor to capture all the hydrogen produced
e Discuss the economics of green hydrogen
e Readthis article to learn more about the future of hydrogen as an energy source
e Watch this video to learn how hydrogen-powered cars work
e Play this Quizlet to review concepts concerning green hydrogen and decarbonization
Optional Optional Post Work assignment - students can research additional Green Hydrogen uses and
Post-work report uses in this assighment.

INTRODUCTION TO ENGINEERING TOMORROW:

e Click here to see anintroduction of what Engineering Tomorrow can do for your students.

INTRODUCTION TO THE ENGINEERING DESIGN PROCESS:

e Students should complete the Engineering Design Process Introduction Activity before starting the lab
o NOTE: This activity only needs to be completed before the student’s first ET lab, not repeated
for every lab.

TEACHER NOTES:

e Students will work through the Green Hydrogen Student Workbook or the Abbreviated Student
Worksheet.

o When assigning this lesson on Google Classroom, first make a copy of the slides to save within
your Google Drive, then assign so that each student has their own copy.

o Theworkbook and worksheet are designed to be interactive so that students can type directly
into thefiles. Itis suggested that the workbook or worksheet be completed over a few class
periods (as the information is delivered to students).

o Students may work individually or within groups (at the discretion of the instructor).
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https://www.iea.org/reports/the-future-of-hydrogen
https://www.youtube.com/watch?v=NoPLxldm_ME
https://quizlet.com/_d4y6fd?x=1qqt&i=ie9uf
https://docs.google.com/presentation/d/1-Qr1dAvWrZ6WfnUiIFOs571PT5b5EDDMO5WT5KOSvqE/edit?usp=sharing
https://www.youtube.com/watch?v=hgAX78g2M88
https://docs.google.com/presentation/d/1aBOgalGiRTa2zVILvACqz9ccBupsXQrUNynZx957H70/edit?usp=sharing
https://docs.google.com/presentation/d/1OzcZWQs4mdua4MXklBlWr4ySvzHNlY_N5lXpZrOal64/edit?usp=drive_link
https://docs.google.com/document/d/1QpieprUjBJSLDvrNp6wT1Q88iD0twWbJmpIVCOk6CwA/edit?usp=drive_link
https://docs.google.com/document/d/1QpieprUjBJSLDvrNp6wT1Q88iD0twWbJmpIVCOk6CwA/edit?usp=drive_link
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TROUBLESHOOTING TIPS:

e Make sure the pencils are properly sharpened at both ends— there should be graphite visible that the
jumper cables can attach to

e Make sure the jumper cables are attached to the correct terminals of the battery and pencils (the
pencil that goes in the straw should be connected to the negative terminal on the battery)

e Ensurethat the end of the straw that is not in the water is fully sealed so that no gas or water can
escape

e Oncetheelectrolysis cellis finished, there may not be an immediate reaction- this does not mean the
cell isn't working as it may take some time to see gas being produced (especially if you are using tap
water)

ASSESSMENT:

e Informal assessments can be completed by looking at the reflection slides within the Student
Workbook and/or the discussion questions in the Abbreviated Worksheet.

e Answer keys can be found here for the:
o Abbreviated Worksheet Answer Key
o Student Workbook Answer Key

e ZiroAl - If students have any additional questions pertaining to this lab, a ZiroAl Green Hydrogen is

available.
Curriculum Connections: Students will be able to -
e Chemistry: Redox reactions, electrolysis e Analyze real-world problems and use critical

. ) ) i thinking skills in order to solve them
e Environmental Engineering: using math,

science, and engineering concepts to protect e Work through and understand the
the living organisms on Earth engineering design process

e Environmental Science: Greenhouse gasses, e Produce green hydrogen by building an
decarbonization, climate change electrolysis cell

e Chemical Engineering: using math, science, and e Collectand analyze data

engineering concepts to produce solutions
using chemical processes

Content Vocabulary/Terms:
e Renewable Energy: energy extracted from a naturally replenished source.
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https://docs.google.com/document/d/1m22IWDXJiapKLjpxW7gIyolNX1IwAcTrp7t4ubG2qHc/edit?usp=drive_link
https://docs.google.com/document/d/1EuESMOrIspTuO8p_oi4A9l5l791xGh2LaLDZbQHf2YU/edit?usp=sharing
https://ziro.io/studio?code=wgpBL42sIYPsy0N
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e Decarbonization: The reduction or elimination of carbon dioxide (or equivalent atmospheric
impactful gas) emissions from a process such as manufacturing or the production of energy.

e Climate Change: long-term shifts in temperatures and weather patterns.

e Green Hydrogen: zero-carbon hydrogen fuel generated using renewable energy.

e Electrolytic Cell: an electrochemical device that uses electrical energy to facilitate a
non-spontaneous redox reaction.

e Redox Reaction: a type of chemical reaction that involves a transfer of electrons between two
species.

NEXT GENERATION SCIENCE STANDARDS:

HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and
constraints for solutions that account for societal needs and wants.

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of
energy into another form of energy
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https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-ETS1-1%20Evidence%20Statements%20June%202015%20asterisks.pdf
https://www.nextgenscience.org/pe/hs-ps3-3-energy
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KIT ITEMS: 1 item per 3 students

Kit Item Photo Link (if applicable)

1x Plastic Water Bottle
(notin kit - provided by
classroom)

1x Clear Straw link
1x 9v Battery link
2 x Pencil link
2 x Jumper Wire link
Masking Tape link
|\
L\\j_}
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https://www.amazon.com/Comfy-Package-Disposable-Drinking-Straws/dp/B08TF4GW81/ref=sr_1_1_sspa?keywords=clear%2Bstraws&qid=1690836712&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Energizer-Alkaline-Volt-Battery-2-Count/dp/B004R16728/ref=sr_1_6?crid=2MGBZ5LRDR60K&dib=eyJ2IjoiMSJ9.UTIEEJxrXzAacW7rXzP5bVyhDpVr4THZM5JQTtxW8gDBqovu-QdJeDNt8MBks6CjQCKPo8KlY-HuAhCbGv50oxQSBrpcrAjMmI2HNAlmOHNtRugqx4vFPnN-kIjPF8iRG6VfLIxPI8SwLvGxm5QtHSwwtQvHp-MDdq6cUtO-UvP4fav32_UcslnAYaKjNy36beEyTilgCjSiedesJSY_025Xa0Ogmihw2b72fuUeIfT_9KvPfj685d8KFbVSvXgEOXRJzow9Ytl2bLHxymF-4BsKiEScpn5meUz6zdaVtAM.Bp4Nsek5r4r-Z6vEk5Spuf1cHKt3z-xZUvkerh9d7bA&dib_tag=se&keywords=9v+battery&qid=1718135148&sprefix=9v+battery%2Caps%2C171&sr=8-6
https://www.amazon.com/Paper-Mate-EverStrong-Reinforced-Break-Resistant/dp/B088SQMWJ8/ref=sr_1_9?crid=WAR7Y2Y8G76T&dib=eyJ2IjoiMSJ9.wsEXEdB9grDcKOAhJRxaCO7NNKtJarfU48rDLrSafpRMNN9hCYA5piADsbK4QUovhVo3Gr26OlzvO1355dhM0g_3h--N2jHNXUuaAktV80N-RJS8RWvjkoDVUlsd2ZW6jOq7Mf5RsWPtJ3V_6gsoUzXOU828nWabynVb6azKBFy1EUC_jqsUuQ_16C3S9Gkm-OsxCTrlUtQPXlTokh02vNl9X8Le59Gbd03DhPdMh3fxJ5xgzIk-_A7LLmfW3_QO7Ah5EaMZFFh-qQskAx_A7GZa3ueM1kJiZD6FGHKgtm0.ILgwCkuPs-oXF3CCqSIzbNnZisHmX9xbZbDXFmcZvf4&dib_tag=se&keywords=pencil&qid=1718836435&sprefix=pencil%2Caps%2C137&sr=8-9
https://www.amazon.com/Crocodile-Alligator-Electrical-Insulators-Connection/dp/B09Y1FL8ZQ/ref=sr_1_2_sspa?crid=2ZBWSGJLJ9JEV&dib=eyJ2IjoiMSJ9.I8ucQ7QJ630TdfNvo0zOMuMzCAOjtrA4TetWbnrBhi61zZNLbeE2WEJGyGaA-YuOr6lH-dUy_la6DsXwnBrSsK4nhLzi-whtFyRM3KWxq-2ZZiCRNu0Nmw7WnQXJI7KIH22AeCHsgzZfmcVdygtcAeMo5S9Y3qXBUqB1GxxbY6zzvklywxK_uwj3RUBemSJnkR30p7cjwk-wgjjiVrOJ8xbYJKQB0vsa-Fccp5ywXHM.DcJfqu7DM_lYaryaDjP_crDVl1cztTcLMfBNMiF89q8&dib_tag=se&keywords=test%2Bleads&qid=1715268149&sprefix=Test%2BLea%2Caps%2C115&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.google.com/aclk?sa=l&ai=DChcSEwix3IfH5YaIAxUwNQgFHaGYHwgYABATGgJtZA&co=1&ase=2&gclid=CjwKCAjwoJa2BhBPEiwA0l0ImNmSatgWLETanGWebwLKQa40Y3YPAh-NkeVj-HCdC9764GgfSAqeORoCdXsQAvD_BwE&sig=AOD64_0lZcGfNKuzHn41qqu3Gpoq3vGA-A&ctype=5&q=&nis=4&ved=2ahUKEwjHmoHH5YaIAxUEmYkEHZoxHYkQwg8oAXoECAUQCw&adurl=
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e Each group of 3 students must have an empty water bottle (e.g. standard 16.9 oz, not provided) that
will be cut so that only the bottom half is used.
e Students may opt to use glue guns when creating their setup for the electrolysis cell if available in the
classroom
o Analternative (tape) is provided for groups within their kits.
Water must be used to fill up the water bottle halves.
Optional: Students may add table salt (not provided) to their electrolysis solution

2024-08-15_v1.0



