STEM of Sustainability™

Intent and design

Introduction

Planetary boundaries are scientific thresholds within which humanity can safely operate to avoid
destabilizing crucial Earth system processes. Exceeding these boundaries can lead to irreversible
environmental damage, affecting the planet's capacity to sustain human life. Recent reports, like
this one from the World Economic Forum highlights the fact that we have surpassed six of these
nine boundaries.’
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While the situation for many of these boundaries is worsening, we have demonstrated that urgent
action taken by governments, industry, and consumers across the globe can reverse
environmental damage and reduce the risks to life on earth. For example, the National
Aeronautics and Space Administration (NASA) and the National Oceanic and Atmospheric
Administration (NOAA) project that the stratospheric ozone layer is recovering and could fully
recover by 2066.? This remarkable achievement is made possible by committed actions -i.e.,
nations’ support of the Montreal Protocol® coupled with companies’ investment and the
successful commercialization of alternatives with much lower ozone depleting potential.

If we want to reverse trends for the other Planetary Boundaries, we need to take effective action
quickly (because time is not on our side) and efficiently (because resources are finite), all of which
depends on making sound decisions based on science and facts. The STEM of Sustainability™
project aspires to provide educational material* for preparing students to make sound decisions
as consumers, citizens, and for those interested, as STEM professionals.

Premise and objectives

Success in life depends on making good decisions, and making good decisions is complicated;
often we need to balance between short-term and long-term needs, as well as across different
priorities. Not considering allimpacts can lead to regrettable decisions because of unintended
outcomes.

For all students, STEM of Sustainability™ intends to
provide foundational knowledge and critical
thinking skills for making good decisions as gll)
- . . O0—0O
consumers and citizens. For those interested in @
STEM careers, this project aims to raise awareness
of some less traditional STEM career paths. Lastly,

for those who want to follow one of these paths, -
we hope this would help provide an early start on B%

their journey. %

As we experience increasing frequency and
intensity of hurricanes, larger and more
destructive wildfires, prolonged droughts, more
extreme heat waves, floods from heavier rainfall
events, and rising sea levels, it’s not surprising that

2 National Aeronautics and Space Administration. Ozone Hole Continues Healing in 2024

3 United Nations. About Montreal Protocol

4 Hopkins, C., and McKeown, R. (2005). Guidelines and recommendations for reorienting teacher education to
address sustainability. UNESCO Education Sector.
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demand for green skills outpaces supply,® with more opportunities for those with STEM of
sustainability skills.

Origin and background

In 2018, Chemours announced its Corporate Responsibility Goals, one of which is Sustainable
Offerings. In the process of developing and implementing a program to maximize the societal
benefits while minimizing the planetary burdens of its portfolio, the value of a holistic evacuation
approach® and integrating multidiscipline skills became very apparent.

To share our experiences, knowledge, and insights, a team from Chemours worked with
educators over 2021-2 to develop and deliver STEM of Sustainability™ content to three eighth
grade classes in two schools, one in rural New Jersey and one in Wilmington, Delaware.

Positive feedback encouraged us to take the lessons learned and explore (1) how this material
can be improved and (2) how the material can be shared to benefit more students.

As mentioned above, government policies, commercial success, and consumer behavior all
contributed to reversing stratospheric ozone depletion. From the private sector, initial investment
of billions of dollars in research and development (R&D), as well as manufacturing facilities must
be made, with no guarantees of return. Risk can be mitigated through cooperation and
partnership along the value chain
Invest in R&D, between chemical companies and
Commercialization equipment manufacturers of goods like
cars, refrigerators, and air conditioners,
as well as consumer acceptance. The
Validate strategy; Marketing, environmental and social benefits of
reinvestment Commsuarlgcsatlons' new technologies can only be realized
when they are accepted in the
marketplace and displace the
problematic ones. Commercial
successes validate sustainability as a
B2B: Procurement; justifiable input to business decision-
B2C: Consumer making. Conversely, commercial
purchases failures undermine these arguments and
discourage similar future investments.

Generate revenues,
profits, reputation

For example, while Fisker and Titan Solar Power had aspirations to help mitigate climate change.
In the end, they expended a great deal of natural, human, and financial resources without making
proportional direct positive impact; good intention does not always equal good outcomes. Onthe

5World Economic Forum. Green job vacancies are on the rise — but workers with green skills are in short supply
6The Chemours Company. EVOLVE 2030
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https://www.weforum.org/stories/2024/02/green-jobs-green-skills-growth/
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other hand, the commercial success of printing presses, personal computer, and lightbulbs
brought knowledge, information, and light to the general public to brighten their lives.

STEM of Sustainability™ — structure and flow

To address the big issues we face today as a planet, we all need to act based on sound decisions
as consumers, citizens, and professionals. The STEM of Sustainability™ material attempts to
introduce some of the concepts needed to make those decisions.

The sequence of modules is intended to build from understanding what is sustainability to a
critical-thinking decision-making activity that incorporates various STEM disciplines introduced in
between. And hopefully the activity is fun for the students.

This graphic attempts to explain how the topics build and the intent of each layer of the pyramid,
culminating in positive change through successful commercialization of more sustainable
products, processes, and behaviors.

A Turn actions intfo behaviors & habits
‘Success builds momentum & adoption
Product testing; criteria
beyond cost and function
Communicate
& persuade
Insights needed for
sound decisions
Concepts
& principles

List of modules:
*  Module 1. What is Sustainability and Sustainable Development?
* Module 2. Life Cycle Assessment
* Module 3. Managing Risks
o A. Product Stewardship
o B.Human Health and Environmental Risk Assessment
* Module 4. Change the World
o A.Responsible Marketing
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o B. Procurement
o C. Finance
* Module 5. Capstone Role Playing Activity

Some comments:

Modules 2 & 3 include the most technical content. They are disciplines that turn raw data into
insights needed for making sound decisions. As discussed above, no one actor can make huge
societal changes by themselves. Risk and life cycle assessment can provide the common
language to help inform decisions made by others.

Using the STEM of Sustainability™ material

Because the STEM of Sustainability™ material is designed to provoke sound decisions and actions
by looking across a whole system, it necessarily includes many disparate disciplines, which
makes it difficult to teach in a single academic subject. Atthe same time, teaching different
subjects to a spectrum of students comes with different requirements and require different
approaches. Therefore, we do not prescribe how the STEM of Sustainability™ material should be
used. We leave this to the judgment of the experts (i.e., the teachers) to devise the most effective
tactics to help the next generations to live more productive and constructive lives, as consumers,
citizens, and professionals. Ourintention is to provide tools in a toolbox for master carpenters to
make beautiful furniture that fit the décor, style, and dimensions of the house. Itis notintended
to be prefabricated kits with rigid instructions.

Because the material is interdisciplinary, we hope it can provide the connectivity between

academic subjects that lead to collaboration, providing students a better understanding of one
way in which different subjects fit together in a system.
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Directory of STEM of Sustainability™ material

Module m?)lill:le Name Primary purpose Description
0 None 00.Overview Reference Text file
0 None 00.Salaries Reference Text file
0 None 00.Workbook with answers Resource Text file
1 None 01.Lesson plan with vocabulary list and teaching standard Reference Text file
1 None 01.What is Sustainability and Sustainable Development? Resource Slides file
1 None 01.Mircomodule references Reference Text file
1 None 01.UN SDG student assignment Resource Text file
1 None 01.SDG Targets and infographics Resource Slideshow
2 None 02.Lesson plan with vocabulary list and teaching standard Reference Text file
2 None 02.Life Cycle Assessment Resource Slides file
2 None 02.Mircomodule references Reference Text file
3 a 03a.Lesson plan with vocabulary list and teaching standard | Reference Text file
3 a 03a.Product stewardship Resource Slides file
3 a 03a.Mircomodule references Reference Text file
3 b 03b.Lesson plan with vocabulary list and teaching standard | Reference Text file
3 b 03b.Risk assessment Resource Slides file
3 b 03b.Mircomodule references Reference Text file
3 b 03b.Note for Risk Viewer webtool Reference Text file
4 a O4a.Lesson plan with vocabulary list and teaching standard | Reference Text file
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4 a 04a.Responsible marketing Resource Slides file
4 a 04a.Mircomodule references Reference Text file

4 b 04b.Lesson plan with vocabulary list and teaching standard | Reference Text file

4 b 04b.Procurement Resource Slides file
4 b 04b.Mircomodule references Reference Text file

4 c O4c.Lesson plan with vocabulary list and teaching standard | Reference Text file

4 C O4c.Finance Resource Slides file
4 C 04c.Mircomodule references Reference Text file

4 C O4c.Lemonade income statement Resource Spreadsheet file
5 None 05.Lesson plan with vocabulary list and teaching standard Reference Text file

5 None 05.Capstone activity: Instructions Resource Text file

5 None 05.Capstone activity: Guidelines and references Reference Text file

5 None 05.Capstone activity: Recap Resource Slides file
5 None 05.Information for life cycle analyst Resource Text file

5 None 05.Information for marketing Resource Text file

5 None 05.Information for procurement Resource Text file

5 None 05.Information for product steward Resource Text file

Additional materials can be found at NASA (learning), NASA (K-12), JPL, and EPA
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