S15658: Saving the World with the Science of Sustainability!

Syllabus

Summer HSSP 2023
MIT Educational Studies Program

Basic Information

Instructors: Carlos Daniel Diaz-Marin, Michael Bichnevicius, Shomik Verma, Simo
Pajovic

Contact: s15658-teachers@esp.mit.edu
Dates and Times: Sundays from 1:00 PM to 2:30 PM
Jul. 9" to Aug. 13t

Virtual

Course Description

Climate change is one of the most significant challenges in human history. In recent years,
it has become clear that our way of life is not 100% sustainable and that something needs
to change. This course will introduce you to sustainability and the science behind it. We
will cover a wide range of topics, including:

e climate change;

e electricity generation and its decarbonization;

e water scarcity and water harvesting;

e the role of materials in engineering clever climate solutions.

By the end of this course, you will have learned about the science underpinning these
applications, including heat transfer, thermodynamics, mechanics, and materials science.
More importantly, we hope you will walk away able to talk about sustainability and feeling
inspired to create the changes necessary to make society more sustainable and save the
world!



Course Schedule

Da Date Instructor Seminar Topic \
1 Jul. 9t Simo Climate Change & Renewable Energy
2 Jul. 16 Shomik Industrial Decarbonization
3 Jul. 23 Michael Power Generation, Storage, & Hydrogen
4 Jul. 30t Simo Cool Materials for Thermal Applications
5 Aug. 6" Carlos Water Scarcity & Water Harvesting
6 Aug. 13t Panel Discussion

Suggested Readings

Each seminar will have a set of suggested readings and videos, which are linked below.
We recommend that you read or watch at least some of them before each seminar, but
they are not required to understand the course material as presented by the instructors.
Recommended books (in orange) are also listed; of course, you are not required to buy
them, but they are there for those who are interested in further reading.

Climate Change and Renewable Energy (Jul. 91"

e U.S. Energy Information Administration: www.eia.gov

e NASA: climate.nasa.gov

e YouTube: Who Is Responsible for Climate Change?

e YouTube: National Geographic has many sobering videos about the impacts of
climate change

Industrial Decarbonization (Jul. 16™)

e Center for American Progress: The Pathway to Industrial Decarbonization
e Science: Net-zero emissions energy systems

e US Department of Energy (DOE): Industrial Decarbonization Roadmap

e YouTube: Steel production

e YouTube: Cement production

e YouTube: Aluminum production

Power Generation, Storage, & Hydrogen

e Book: Electrical Power Generation
e Book: Energy Conversion Engineering
e US Department of Energy Hydrogen Program



https://www.youtube.com/watch?v=ipVxxxqwBQw&list=PLFs4vir_WsTyXrrpFstD64Qj95vpy-yo1&ab_channel=Kurzgesagt%E2%80%93InaNutshell
https://www.americanprogress.org/article/the-pathway-to-industrial-decarbonization/
https://www.science.org/doi/10.1126/science.aas9793
https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
https://www.youtube.com/watch?v=EOjUOIYsxTk
https://www.youtube.com/watch?v=9l7JqonyoKA
https://www.youtube.com/watch?v=TdxPxfeEUSQ
https://www.cement.org/cement-concrete/how-cement-is-made
https://www.youtube.com/watch?v=eGdXxFjqFsg
https://www.youtube.com/watch?v=R6a-OJ18AZM
https://books.google.com/books?id=ilAIEAAAQBAJ&newbks=1&newbks_redir=0&lpg=PP1&dq=power%20generation&pg=PA6#v=onepage&q=power%20generation&f=false
https://www.cambridge.org/highereducation/books/energy-conversion-engineering/7420AE69D3232A943E35479FEE3FF715#overview
https://www.hydrogen.energy.gov/

Cool Materials for Thermal Applications (Jul. 30™)

Some great chemistry and physics review from LibreTexts that you may find useful.
The basic readings are intended to give you a broad overview of topics we’ll talk
about a bit more in class. The more advanced readings are intended to give you
some depth and a starting point for your own exploration.

o (Basic) Atomic structure, Atomic bonding, Energy and heat, Solids, liquids,
and gases, Quantum mechanics

o (More advanced) Electronic structure, The periodic table and its trends,
Covalent bonding, Characteristics of molecules, Phase transformations,
Intermolecular interactions

Materials science topics, some from LibreTexts and some from other sources. This
will be the meat of the lecture, so if you're eager to get started, have a read!

o (Basic) Materials classification, Anisotropy, Crystals, Thermal
conductivity, Heat capacity, Viscosity, Thermal expansion, Thermoelectric
materials

o (More advanced) Anisotropic thermal conductivity, Phonons, Blackbody
radiation

Fundamentals of Materials Science and Engineering: An Integrated Approach by
William D. Callister and David G. Rethwisch

The New Science of Strong Materials: Or Why You Don't Fall through the Floor by
J. E. Gordon (this one is more about mechanical properties, but it is a fantastic
introduction to materials science and very easy to read)

Water Scarcity and Water Harvesting (Aug. 6™

Watch:
o This Device Pulls Clean Water Out Of Desert Air
o Explained: World’s Water Crisis
Listen: Many podcasts, including a few episodes of the popular “Stuff You Should
Know” podcast
Read: SDG 6 Synthesis Report 2018 on Water and Sanitation
Get Involved: MIT Water Club’s Junior Water Scholar Program, if interested,
sign up to learn more here: http://mitwater.org/contact
Further study: Desalination and Water Purification on MIT OCW

Policies

Participation: We strongly encourage you to ask questions and participate in Zoom polls.
The best way for you to get what you want out of this course is to ask questions, and we’ll
do our best to answer.

Conduct: Although this is an online course, we expect the same level of respect and
proper conduct as in real life. All students and instructors should treat one another with
honesty and respect. Harassment of any kind will not be tolerated, and you will be asked
to leave for inappropriate behavior.


https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/02%3A_Elements%2C_Atoms%2C_and_the_Periodic_Table/2.3%3A_The_Structure_of_Atoms
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/03%3A_Ionic_Bonding_and_Simple_Ionic_Compounds/3.1%3A_Two_Types_of_Bonding
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/07%3A_Energy_and_Chemical_Processes/7.1%3A_Energy_and_Its_Units
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/08%3A_Solids%2C_Liquids%2C_and_Gases/8.2%3A_Solids_and_Liquids
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/08%3A_Solids%2C_Liquids%2C_and_Gases/8.2%3A_Solids_and_Liquids
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_Introductory_Chemistry_(CK-12)/05%3A_Electrons_in_Atoms/5.09%3A_Quantum_Mechanics
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/02%3A_Elements%2C_Atoms%2C_and_the_Periodic_Table/2.6%3A_Arrangements_of_Electrons
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/02%3A_Elements%2C_Atoms%2C_and_the_Periodic_Table/2.7%3A_The_Periodic_Table
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/04%3A_Covalent_Bonding_and_Simple_Molecular_Compounds/4.1%3A_Covalent_Bonds
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/04%3A_Covalent_Bonding_and_Simple_Molecular_Compounds/4.5%3A_Characteristics_of_Molecules
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/07%3A_Energy_and_Chemical_Processes/7.3%3A_Phase_Changes
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_The_Basics_of_GOB_Chemistry_(Ball_et_al.)/08%3A_Solids%2C_Liquids%2C_and_Gases/8.1%3A_Intermolecular_Interactions
https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry_-_The_Central_Science_(Brown_et_al.)/12%3A_Solids_and_Modern_Materials/12.01%3A_Classes_of_Materials
https://eng.libretexts.org/Bookshelves/Materials_Science/TLP_Library_Vol._1/02%3A_Introduction_to_Anisotropy/2.01%3A_Introduction
https://eng.libretexts.org/Bookshelves/Materials_Science/TLP_Library_Vol._1/04%3A_Atomic_Scale_Structure_of_Materials/4.01%3A_Introduction
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/thercond.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/thercond.html#c1
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book%3A_Introductory_Chemistry_(CK-12)/17%3A_Thermochemistry/17.04%3A_Heat_Capacity_and_Specific_Heat
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/States_of_Matter/Properties_of_Liquids/Viscosity#:~:text=Viscosity%20is%20another%20type%20of,two%20liquids%20down%20a%20windshield.
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/thexp.html#c1
https://eng.libretexts.org/Bookshelves/Materials_Science/Supplemental_Modules_(Materials_Science)/Electronic_Properties/Thermoelectrics
https://eng.libretexts.org/Bookshelves/Materials_Science/Supplemental_Modules_(Materials_Science)/Electronic_Properties/Thermoelectrics
https://eng.libretexts.org/Bookshelves/Materials_Science/TLP_Library_Vol._1/02%3A_Introduction_to_Anisotropy/2.03%3A_Anisotropic_Thermal_Conductivity
https://eng.libretexts.org/Bookshelves/Materials_Science/Supplemental_Modules_(Materials_Science)/Electronic_Properties/Lattice_Vibrations
http://hyperphysics.phy-astr.gsu.edu/hbase/mod6.html
http://hyperphysics.phy-astr.gsu.edu/hbase/mod6.html
https://www.npr.org/sections/thetwo-way/2017/04/14/523796745/researchers-find-a-new-way-to-make-water-from-thin-air
https://www.youtube.com/watch?v=C65iqOSCZOY&ab_channel=Netflix
https://www.xylem.com/en-us/making-waves/water-utilities-news/9-water-podcasts-on-the-water-industry-and-water-technology/
https://www.unwater.org/publication_categories/sdg-6-synthesis-report-2018-on-water-and-sanitation/
http://mitwater.org/contact
https://ocw.mit.edu/courses/2-500-desalination-and-water-purification-spring-2009/

