As you coe in: Tentative Schedule
:Er;‘:jrantaﬁfc:: :'tn::ne cent Week I:  Why de did | always ride my bike into the wind?
: Week 2:  Why do clouds stay up in the air?
Week 3: How does the earth keep warm, and why is it
getting warmer?
Week 4:  What can we do about climate change?
Week 5:  If you can’t predict the weather, how can you
predict the climate?
Week 6: Why are there rainforests on the equator?
. . b Week 7:  What is weather like on other planets?
physicsjones@gmail.com

The surface of the earth receives more
radiated thermal energy from the atmosphere
than it does radiant energy from the sun.

Remember
Thermal radiation from
greenhouse gases keeps the
surface of the earth warm.

Carbon dioxide is good.
But you can have too much of a good thing.

S :
> d uman activities.
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Carbon dioxide in the
atmosphere is
increasing.

Carbon dioxide humans have added to
the atmosphere, and continue to add,
is changing the climate.

= The earth is getting warmer.
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Share of electricity production from renewables
Renewables include solar, wind, hydropower, bioenergy, geothermal, wave, and tidal sources.
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wind power.

Activity
A motor is a generator

Can you spin one
propeller fast enough
to make the other
one turn?

Question
My electric car gets the equivalent of 180 mpg.
Why is it so much more efficient than a gas
powered vehicle?
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Reason #1: L )
A typical gasoline engine is only 20% efficient: Reason #2:
80% of the energy in the fuel is lost as heat to the Recovering energy when you stop!
environment. | use the brakes about once per month.
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Electric Heater
| unit of heat costs
| unit of electric energy

Heat Pump
Moving heat from one place

to another.
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50°F water from underground used for cooling system.
50°F water from underground used to make 120°F water for heating system.
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## You can pump 5 units of heat
L4 for | unit of electric energy.
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MECHANICAL ROOM

X Antarctic ozone hole area
It has been eStImated that the average great Whale Sequesters :SQ:‘BE\“FE::VHUH? and mean Antarctic stratospheric ozone hole area, resultant from the emission of ozone-depleting
30 tons of CO; a year; by contrast, a tree absorbs 50 pounds.
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Change in the consumption of ozone-depleting substances

Global consumption of 0zone-depleting substances (ODS), measured relative to the year 1986 (where consumption

in 1986 is equal to 100).

120
100
80
60
The story
w0 of the
ozone
20 hole.
Y Worid
1986 1990 1995 2000 2005 2010 2015 2018

Source: European Environment Agency (EEA)
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Global greenhouse
gas emissions

Current
policies

~2°C

Each wedge corresponds to a
reduction of 30 billion tons of
carbon.

To keep the temperature rise
to 1.5°C, we need 20 wedges.

~1.5°C

1990 2020 2050

Easy Wedges

The world is
currently adding
600-650 TWh per
year.

That’s one wedge
per 5 years, so we
will reach 4 wedges
by 2046.

Electricity: Build More Solar Plants

The Basic Idea

Solar farms and rooftop systems use photovoltaic panels to turn sunlight into
electricity. Once built, they produce power without burning fuel, and so avoid CO; that
would otherwise come from coal- and gas-fired power stations.

Complications

‘The climate benefit depends on what mix of power stations they replace, and on being
able to deliver electricity when and where it’s needed. Solar power only generates
during daylight hours and so needs to be supported by stronger grids, flexible supply
and demand, or energy storage.

The Scale

Achieving one wedge requires generating about one-third more electricity than all solar
power produced worldwide in 2024 (2,100 TWh). It’s also about the same as Europe’s
total electricity generation in 2024 (2,800 TWh). This will require total land area equal
to about 10% of the area of Colorado.

Number of Wedges

More wedges just means more area—so you can get up to 4 wedges by adding more
solar panels.

Based on “Climate Wedges” by Nathan Johnson and lain Staffell

Solar photovoltaic vs. coal electricity cost
2016-2026 | New-build generation | Unsubsidized levelized cost of energy (LCOE)
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Electric vehicles on the road worldwide

2020-2050 | One plausible fleet-growth scenario, not a forecast
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Electricity: Retrofit Coal Plants with CCS

The Basic Idea

Adding carbon capture and storage (CCS) to coal power plants means fitting extra
equipment that separates CO; from the exhaust, then compressing it and transporting it
to be injected deep underground for long-term storage. This can allow a plant to keep
generating electricity while releasing much less CO; to the air: extending the lifetime
of existing power plants and grid connections, while providing controllable electricity
that can be dispatched when needed.

Hard Wedges

Complications

CCS does not capture emissions from fuel production and transportation or all
emissions from the plant. It uses energy to run the capture system, so the plant needs to
bum more fuel. And you need somewhere to stash the CO....

There are only 5 The Scale
plants in the world
at present.

We need to add 13
every year until

Achieving one wedge requires retrofitting CCS at roughly 13 large power stations per
year until 2050 By 2050, these power plants would produce around one-quarter of all
Ccoal-fired electricity generated worldwide in 2024, Today there are only a few CCS
power plants operating, so this scale-up is hundreds of times larger

Number of Wedges

‘This is a very technically challenging option already, so only 1 wedge is possible.
Based on"Climate Wedges" by Nathan Johnson and lin Stafel

Hard Wedges

There are only 5
plants in the world
at present.

We need to add 13
every year until

Transport: Bike or Walk More

The Basic Idea

Using active travel cuts emissions by shifting trips from private vehicles to walking
and cycling. That means less fuel burned per mile traveled, and can also reduce
congestion and local air pollution.

Complications

This would require a significant increase in miles walked or biked, which would
require changes in the design of towns and cities worldwide.

The Scale

Achieving one wedge requires that active travel rises from about 3 km per person per
day today to 6.6 km per person per day by 2050.

Number of Wedges

Active travel can deliver 1 wedge.

Based on “Climate Wedges” by Nathan Johnson and lain Staffell

Next Week:
If You Can’t
Predict the

Weather, How

Come You Can
Predict the

Climate?




