Day |I:
Climate Change and
Renewable Energy

S15060: Saving the World with the Science of Sustainability!

Instructor: Simo

Special thanks to Chad Wilson, who taught this class
and made the original slides in 2020!



Our goals for today

|. Define , , and the greenhouse effect.

2. Undlerstand what gases are responsible for global warming and how they
work.

3. Understand why global warming is such a serious problem.
4. Understand how greenhouse gases are produced.

5. Learn about how we can and the role
thermal science plays in doing so.
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The primary source of all light on Earth is the
sun

o Where is solar radiation in this picture?
Spectrum of Solar Radiation (Earth)
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“Greenhouse effect’?
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Pause for questions!

N
+—Define =k and-thesreenhouseeffeet k
Next... {

2. Undlerstand what gases are responsible for global warming and how they
work.



Let’s get gassy—a molecular view on the
greenhouse effect

In the case of our planet, it’s not plastic trapping heat—it’s GAS

78% 2 | % The rest of it includes...

Water vapor (H,O)
Carbon dioxide (CO,)
Argon (Ar)

Neon (Ne)

Helium (He)

Methane (CH,)

i Krypton (Kr)
Nitrogen (N,) Oxygen (O,) Hydrogen (H,)




Gases in the atmosphere can be

or absorbing
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Gases in the atmosphere can be
or absorbing at different wavelengths of light
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Each gas has its

NZ C)2

GHGs:
Except for these two—transparent in the visible and infrared!
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Using what we know, let’s scale up to Earth




Pause for questions!

Next...

3. Understand why global warming is such a serious problem.




So we've got a bit of a problem...

Global greenhouse gas emissions GtCO2e /year
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Okay, uh, quite a few problems... Faxrt 2/

e

Increased frequency Extinction due to

and intensity of storms ocean acidification
Anumals like crobs will have “their
colciferous shalls softenedt

Bleached coral

Hurricane Florence (NASA)



Next...
4. Understand how greenhouse gases are produced.
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Where are greenhouse gases coming from?

Global Greenhouse Gas Emissions
by Economic Sector

When we combust
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Where are greenhouse gases coming from?

Global Greenhouse Gas Emissions
by Economic Sector

Other
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Where are greenhouse gases coming from?

Global Greenhouse Gas Emissions

\ How much methane produced by
by Economic Sector

cow farts/burps in a day?
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Which gases are to blame!?

Fluorinated
" gases
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Which gases are to blame!?

World Greenhouse Gas Emissions in 2016
Total: 49.4 GtCO,e

Sector End Use/Activity Gas

Road

Rail, Air, Ship & Pipeline

Residential Buildings

Commercial Buildings

Unallocated Fuel Combustion

Iron & Steel

Chemical and Petrochemical

Other Industry

Cod 3

0il and Natural Gas

CH4

A
&N
%

Source: Greenhouse gas emissions on Climate Watch. Available at: https://www.climatewatchdata.org " WORLD RESOURCES INSTITUTE
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Global Warming Potential (GVVP)

Atmospheric 100-Year Global

h AL .
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Pause for questions!

Next...

5. Learn about how we can and the role
thermal science plays in doing so.
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Thermal science can help by reducing waste
heat

Back to the coal power plant example...
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We waste heaps of energy!

“It is estimated that between 20 to
50% of industrial energy input is lost
as waste heat in the form of hot
exhaust gases, cooling water, and heat
lost from hot equipment surfaces and
heated products.”

—US Office of Energy Efficiency and
Renewable Energy

U.S. energy consumption by source and sector, 2020
quadrillion British thermal units (Btu)

source end-use sector

percentage of sources percentage of sectors

residential
11.5(17%)

commercial
tenewable energy 8.7 (12%)
116 (12%)

9.2 (10% electne power sector

82(9%)

total = 92.9
quadrillion Bty

12.5 (35%)

=)

c

total = 35.7 quadriion Btu

US Energy Information Administration (EIA)
30



All of these strategies can be combined!
Ways we can minimize waste heat

Regeneration
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Options that aren’t burning fossil fuels!
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Two kinds of solar energy: solar photovoltaic
and solar thermal

Solar thermal

Mirrors Solau~ power#
(CSP)
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We can also extract energy from fluids
already flowing in nature!

Wind power
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All done!
+—Defire- and-thesreenhouseeffeet




