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BATTERY SUPPLY CHAIN

THE STEPS ,". BATTERIES AND SAFE CITIES EXPLORE THE ISSUES

OVERVIEW

EXTRACTION TO E-WASTE: THE LITHIUM-

ION BATTERY SUPPLY CHAIN

Safe and sustainable cities will depend on lithium-
ion batteries to power our vehicles, store
renewable energy, build smarter connected cities,
and keep us connected through mobile phones.
But what are the costs? Where do batteries come
from before we get them, and where do they go
once they are used? What are the hidden dangers
and what can we do about the problem of e-waste?

Take the journey of a lithium-ion battery, like the
one in your phone, from extraction to e-waste to
understand what the risks are and what we can do
about them.
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The Practice of Extraction to E-waste
July 15,2020

Purpose:

To help educators leverage
engineering design for increased
student learning.

To use the module in backward
design to engage students in deep

Katey Shirey, Ph.D. . .
Founder, eduKatey exploration and analysis of proposed

solutions to the problems that
Battery Supply Chain illustrates.



The Practice of Extraction to E-waste
July 15,2020

Agenda:

« Major content themes in the
module

« Two ways to use the module with
students

» Practice investigating the module
with an engineering design

Katey Shirey, Ph.D.
Founder, eduKatey Process

e Explore, brainstorm, and share
content connections



Quick self-check:

How confident are you In turning U I_
your classroom content into an
engineering design challenge?
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Major Content Areas in the Modules

Cultures

Human Rights Earth Science

Social Studies
Economic Motivations

Ethics in decision making

Transportation systems

Battery Supply Chain

Global commerce and trade Systems
y Electronics and E-Waste

Electrical grids

Personal risks

Health and human

Environmental impacts -
sustainability

Safety interventions

Scale and proportion

Energy and Matter
Physics/Physical/Chem

Mineral availability in the Earth's
crust

Geography of component
part origins

Why are these areas mineral-rich?

What other resources are found
in mineral-rich locations

Populations affected

Consumer population

Volume of e-waste
Conservation of energy
Conservation of matter

Elements structure and function

Electrical potential energy
(Charge Separation)

Thermodynamics



Teacher Guide

01 Resource extraction: Where the supply chain begins
» How would you compare open pit mining and brine extraction mining methods?
(Set up as t-chart or open response)

» What impacts on the land did you observe at the open-pit mines over time? What
year did the changes increase? What else was happening at that time?

OVERVIEW OF THE TEACHER’S GUIDE

In this guide, you will find the following:

02 From raw materials to battery cells

1. Introduction: Extraction to E-waste + Describe how a pouch cell battery is made?

2.Next Generation Science Standards . What is an exothermic reaction?

3. What this module contains with a brief desc « What are the defects that can cause a short circuit?

4.Background information to extend the learn + How would this be a problem later on in the supply chain or when the device is in
your hands?

5. Appendix of resources

a. Prompts for student discussions

b. Glossary of terms

¢. UL's On the Mark student readings

d. External resources




Student Guide On the Mark Reader

50-page full-color PDF resource to augment the
information on the website and in the Student Guide.

Where are these resources located?

.-— 8 Cobakt 4 Copper 4 Carbon iGraghits] - Lithium

Source: U.5. Geological Survey, Mineral Commodity Summaries 2019

See what you learned!
» How would you compare open pit mining and brine extraction mining methods?
(set up as T-chart or open response)
* What impacts on the land did you observe at the open-pit mines over time? What year
did the changes increase? What else was happening at that time? What are the risks of
lithium-ion batteries?

®

Featured content

4. It's a lithium world
From electric cars to Mars
rovers, lithium-ion battesies

are everywhere

8.Take a look inside
What makes your favorite
electronic devices tick?

T

10, LiBs illustrated
Take a visual trip inta the
numbers and facts behind the
rechareable batteries

20. Emergen 36. Issues
rgency The potential dangers of

lithium-ion batteries

Recovery efforts in Puerta Rico
and Houston have highlighted
aneed for new power sources

38. UL tests
"'G"i“l_l'_“b“‘ What goes on in the UL labs
How are cities and suburbs of o entuie ucts meet strict
today and tomorrow planning ;tanfardsfor safety
on using lithium-ion batteries?

¥

42. Environment
‘Where is [thium found and hew
s it collected and processed?

29. Solar power

Alook at the ways salar
panels are becoming more



So, how do you teach it? U I-



Linear Sequence

6 Module Sections, step through them together

00 Introduction: Anatomy of a lithium-ion battery

01 Resource extraction: Where the supply chain begins

02 From raw materials to battery cells

03 Shipping and transporting batteries to assemble your mobile phone
04 The mobile phone has finally arrived

05 What happens to batteries and our devices when we no longer use them?

UL and the UL logo are trademarks of UL LLC © 2020.



Alternative Engineering Design Sequence

Use the module’s proposed solutions to motivate design exploration and optimization

Start with one of the module’s Solutions videos as a hook.

Select one that will allow you to focus your students on your content.



Alternative Engineering Design Sequence

Use the module’s proposed solutions to motivate design exploration and optimization.

Start with one of the module’s Solutions Videos as a hook and contestable call to action.

Select one that will allow you to focus your students on your content.

2 >

KEEPOR REPAIR YOUR PHONE TRADE IN YOUR DEVICE




Alternative Engineering Design Sequence

Use the module’s proposed solutions to motivate design exploration and optimization.

Identify problem or
need

Communicate
results

Evaluate and
test prototype

Design and
build
prototype

Define
requirements
and restraints

Brainstorm
solutions

Evaluate
solutions

The module provides
some solutions, and we
need to do the rest.



Alternative Engineering Design Sequence

Today, as students you will practice this sequence:

Start with one of the module’s Solutions videos as a hook.

Next, back up to learn what the problem is all about. Define the
requirements for a successful solution.

Identify other ideas that have or have not met this challenge.
Decide how to test solutions to determine “success.”
Evaluate the proposed solution in the video.

Prepare a final product to demonstrate your knowledge of the
entire problem and how this solution works and doesn’t work to
meet the problem.

Identify problem or
need

Define
requirements
and restraints

Communicate
results

Evaluate and
test prototype

Brainstorm
solutions

Evaluate
solutions

Design and
build
prototype




Example: How successful is “Dematerialization”?

Let’s walk through the sequence:

I’d watch the Dematerialization video. The propose solution is,
Use less material in the product.

Next, back up to learn what the problem is all about. Define the
requirements for a successful solution.

Identify other ideas that have or have not met this challenge.
Decide how to test solutions to determine “success.”
Evaluate the proposed solution in the video.

Prepare a final product to demonstrate your knowledge of the
entire problem and how this solution works and doesn’t work to
meet the problem.

Identify problem or
need

Define
requirements
and restraints

Communicate
results

Evaluate and
test prototype

Brainstorm
solutions

Design and
build
prototype

solutions



Your turn! Let's try it

Today, as students you will practice this sequence:

Start with one of the module’s Solutions Videos as a hook: Mechanization and Automation U
>>| et’'s watch the video<< L



Your turn! Let's try it

Today, as students you will practice this.

Start with one of the module’s Solutions Videos as a hook: Mechanization and Automation

The video suggested that mechanization and automation will help with the following
problems:

» Dangerous to humans. Who's affected?
* Production steps are dangerous. In what ways?

 Harmful chemicals. Which?



Your turn! Let's try it

Today, as students you will practice this sequence

Start with one of the module’s Solutions Videos as a hook: Mechanization and Automation

Next, back up to learn what the problem is all about. Define the requirements for a
successful solution.

Identify other ideas that have or have not met this challenge.
Decide how to test solutions to determine “success.”
Evaluate the proposed solution in the video.

Prepare a statement to demonstrate your knowledge of the problem and your reasoning.
We’'ll share our thinking in the chat with the form:

- | recommend to deal with the issue of because



Using the Engineering Design Sequence

Today, as students you will practice this sequence. We are sending you an overview doc
now to orient you in TEACHER HAT.

Using UL Xplorlabs: Extraction to E-waste

Engineering Design Process Tool -
By Dr. Katey Shirey, www.edukatey.com Identrﬁz:;jb]em o

Engineering design usually follows a general methodology from defining a

problem to exploring possible solutions, testing and improving those designs Communicate Define
(design optimization), and then sharing the design and its justifications based on results requirements
data.You may have seen this process described in many ways; for example, a and restraints
circle or a flow chart. No matter how you prefer to illustrate this process, the

four boxes on the next page will be a central part of your process. Evaluate and Brainstorm
test prototype

We're going to start with the Solutions Videos from Extraction to E-waste. These

videos are solution ideas ready to be evaluated. Your students are tasked with

evaluating these proposed solutions. To do this, they'll need to work in all parts of Design and
the design process: build
prototype

Evaluate
solutions
1. Backing way up to discover what the problem was all about (problem
definition)
Identifying other potential ideas or historical shifts that have or have not met this
challenge
Determining what testing limits the solution would need to meet to be a “success”
Now that we know more about the problem, let's evaluate the proposed solution in the video
Finally, prepare a final product to demonstrate your knowledge of the entire problem and how this solution works and doesn't




Your turn! Let's try it

Today, as students you will practice this sequence

Fill in the fillable portions of the doc based on the “Mechanization and Automation” video
and your exploration of the module.

>>| et's watch the video again.<<

Assignment:

Explore the module and use the Student Tool to create a justified
recommendation for supporting or not supporting the solution in the video.
(15 mins)



Mechanization & Automation

What recommendations can you justify?

In the chat: What is your justified recommendation?

- | recommend to deal with the issue of because

Structured discussion or online discussion board prompts:
 Why is mechanization and automation a great idea?

 What issues does mechanization and automation not resolve?



Your turn! Let's try it

To participate as a student in a fillable doc, please click on the link we’re sending to you.
It will ask you to make a copy. Please sign into Google Docs to make a copy.

If that doesn’t work for you, feel free to write your own notes based on the PDF distributed
earlier.

E Copy of Student copy: Use the UL Battery Supply Chain Module
File Edit View Mnsenn Format Tools Addons Help  Last

B Google Docs

|Using UL Xplorlabs: Extraction to E-waste

Engineering Design Process Tool
By Dr. Katey Shirey. »

Copy document y
‘Would you like to make a copy of Student copy: Use the UL Battery N

Supply Chain Module 7

s, besting and impeo
: == =
s . proc
re start wi ract waste,
- - [ shuden
m wvalu o . theyll need to work in all parts
1. Backing way up 1o discover what the peoblem was all about {problom
P

on)
2. ldentifying other potontial ioas or historical shifts that have o have not med this chalienge
3. Delermining what testing limits the solution would need to meet to be a “success”




Your turn! Let's try it

@ YPLORLABS  BATTERY SUPPLY CHAIN mesiees | (on) swrmeres moswreomes (o) eoReeissues  (09) ExvLone sownons

W h at S h O u I d yo u eXp e Ct? INTRODUCTION EXTRACTION PRODUCTION TRANSPORTATION USE DISPOSAL

4. ELECTRODE STACKING

An automated machine uses suction to pick up and
release sheets of cut-out electrode material and wrap
an insulating layer in between each sheet. The
components are laid flat to look like layers in a cake.
These layers include the anode, separator, cathode,
and another separator.

The result is a credit card-sized electrode stack,
which is spit out of the machine with the turn of a

metal arm.
VIIED) PROVIDED CORRTESY DF PACSFIC NORTHIWEST SATIDNAL LABIRATORY

Assignment:
Explore the module and use the Student Tool to create a justified

recommendation for supporting or not supporting the solution in the video.
(15 mins)



What Is your recommendation?

Let's do a chat waterfall and then read over them.

Type or copy your justified recommendation into the chat. Don’t press enter yet!
On the count of three, press enter. I



Where Is the content?

How can you plan a similar activity
to meet your content needs?



Planning for your content needs

Our next activity: Review several videos & brainstorm content connections

* Review several solutions videos on the UL module solutions webpage. Consider which
content-area instruction, inquiry, or investigation that you would structure with this module.

 List possible content connections on the same fillable Google Doc (scroll down for Activity
2).

* When you're ready, head to the linked Google Sheet and add your ideas for others to see.
Please add at least one. UL is very interested in your input and ideas for future workshops.

UL XplorLabs Battery Supply Chain Content Connections  + @

File Edit View Insert Format Data Tools Add-ons Help Lastedit was seconds ago

~ | T O0% -~ $ % .0 .00 123~ Defalt(Ai. v 10 ~ B I S A & H Exl~Pl-v o B MW 7V~ 3~

] (5 D E H

VIDEOS: UL XplorLabs Battery Supply Chain Solutions Content Connections

"Mechanization and "Standards as a "Transportation

Solutions video: "Keep or repair your phone”  "Trade in your device® “Design a better way" "Educate” “Blockehain® "Dematerialization” automation” solution® Solutions”




Reminder: Your Tools

Tools:

* The content connections map slide

» Teacher-facing PDF of how to drive an investigation from a solutions video using the
engineering design process scaffold.

* Your own resources and interests! Your labs, your projects, etc.




Major Content Areas in the Modules

Cultures

Human Rights Earth Science
Social Studies

Economic Maotivations

Ethics in decision making

Transportation systems

Battery Supply Chain

Global commerce and trade Svystems
y Electronics and E-Waste

Electrical grids

Personal risks

Health and human

Environmental impacts S
sustainability

Safety interventions

Scale and proportion

Energy and Matter
Physics/Physical/Chem

Mineral availability in the Earth's
crust

Geography of component
part origins

Why are these areas mineral-rich?

What other resources are found
in mineral-rich locations

Populations affected

Consumer population

Volume of e-waste
Conservation of energy
Conservation of matter

Elements structure and function

Electrical potential energy
(Charge Separation)

Thermodynamics



Your ideas:

| et’s brainstorm how we could use
this module with students.



Your ideas:

Let’s brainstorm how we could use the UL Solutions Videos to drive content learning

Review the UL Solutions videos and generate ideas (5 minutes, link in sheet by chat).

Add ideas to the Google Sheet (available in the chat).

UL XplorLabs Battery Supply Chain Content Connections + = &

File Edit View Insert Format Data Tools Addons Help Lastedit was seconds ago

~ | P 0% -~ § % 0 00 123+ Defaht(ai. ~ W -~ B I & A & H =~ L~ lpl~ %~

B c b E

VIDEOS: UL XplorLabs Battery Supply Chain Solutions Content Connections

“Mechanization and “Standards as a “Transpaortation
Solutions video: “"Keep or repair your phone”  “Trade in your device® “Design a better way" “Educate" “Blockchain® “Dematerialization” automation” solution® Solutions”

How does atomic
stability impact the
dangers pose by
transporting
electronic devices?

Conservation of What standards can
energy. Would making be used to minimize
anew phone or potential dangers in
Conservation of matter. recycling an old phone electronics such as
“cost" more energy? short circuits?




Your great ideas! ‘ U L



Wrap up:

You should now have several ways to use the UL Battery Supply Chain module:

1. Step through the module, assign topics, have students take notes and answer
discussion prompts. (Follow the teacher guide on module website.)

2. Analyze proposed solutions using the module.

Start with proposed solutions as hooks and use an engineering design process to
structure problem definition, design exploration, design optimization (testing) and
design communication.

3. Introduce the module (or parts of the module) to investigate, augment, or illustrate your
content instruction.



Thank you for participating!
What questions do you have for me?

Feel free to email: katey@edukatey.com



Additional Webinars




Questions & Answers
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