week 8 (May 18th)

apitalism, grow economics vs. Daly” economics (no-
growth/steady-state)
Solutions? Paradigm shift? From we can’t/too expensive to WE CAN
4. There is promise, but at what cost? (One might be surprised).
* Energy
e Mitigation — Agricultural revolution/biofuels: Biochar for Carbon Dioxide Removal
(CDR)

&



e What NREL is doing: Efficiency, Solar, wind, other

Other strategies:

e CCL- carbon fee/dividend

e (Capand trade?

Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has always been challenged
and we are an adaptable species that has met the challenge over and over again!




Other strategies:

e CCL-_carbon fee/dividend

e (Capand trade?

Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has always been challenged
and we are an adaptable species that has met the challenge over and over again!



’

AT HTTP://WWW.NAP.EDU/READ/18988;

* AND CLIMATE INTERVENTION: CARBON DIOXIDE REMOVAL AND RELIABLE
SEQUESTRATION (2015), AT HTTP://WWW.NAP.EDU/READ/18805.




. Are ldeas to cool the planet realistic
http://news.bbc.co.uk/2/hi/technology/83388

53.stm




Three proposals to reduce temperature

(3) Albedo

modification

Desert t Urban

Which is the best way to control climate change
Evaluating gecengineering techniques for temperature and carbon
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Source: Royal society

hree proposals to reduce CO2

(1) Ocean fertilisation
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(2)Enhanced weathering (3) Carbon Sequestration
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Other strategies:

e CCL-_carbon fee/dividend

e (Capand trade?

Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has always been challenged
and we are an adaptable species that has met the challenge over and over again!






made from biomass via pyrolysis. Biochar is under investigation as an approach
to carbon sequestration to produce negative carbon dioxide emissions.! Biochar
thus has the potential to help mitigate climate change via carbon
sequestration.2l3l [ndependently, biochar can increase soil fertility ofacidic

soils (low pH soils), increase agricultural productivity, and provide protection
against some foliar and soil-borne diseases.!“! Furthermore, biochar reduces
pressure on forests.2l Biochar is a stable solid, rich in carbon, and can endure in
soil for thousands of years.1"
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Rapid Growth C4 Plants Can Capture 10X CO,

= Trees = Com
C3:E e
= Flowers

Carbon Capture
10 x

C4 plants have a more efficient system of processing CO, than C3 plants

Source: Taub, D. Effects of Rising Atmosphenic Concentrations of Carbon Dioxide on Plants. Nature (2010)
Sources Wikipedia, C4 carbon faanen, WES, haee/fenwitsed.capfwii/Ch. alams [2011)




e Summary table comparison: http://www.cropsreview.com/types-of-

photosynthesis.html

e C3 C4 CAM Photosynthesis
video: https://www.youtube.com/watch?v=Yg pdXzWXVA




Carbon Negative Fuel Cycle

_ Fuel Crop
Sun / ;:02 / Water Photosynthesis
Wl ] S
» .

&

Yields
‘More Crops

S _ |
A Positive Feedback Loop Com Staiks.
for Corn Production
Biolractionalor

Soll Enhancer

Biochar Biochar
Processing

Carbon Negative Fuel



The Negative Carbon Fuel Cycle could Double
Land Productivity Every 4 to 8 Years




Cool Planet’ s 3 Core
Technologies

Technological Breakthroughs:
O Biomass Fractionator
© Advanced Catalysis
(O Char to Soil Enhancer (Process)
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Commercial Plants - 50 million gallons a year
(2,000 plants worldwide — developed world)

"o ©

Google .
ventures
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Global Village Plants - 1 million gallons a year
(100,000 plants worldwide — emerging world)

As sogpested by:
google org

Up to 8X gain in village income by
increasing energy & food production
while bringing the village into
the information society




CoolPlanet’ s Overall Negative Carbon Plan

» To run all the world’ s cars

For Zero Net Carbon Emission
worldwide by 2030

For 100 ppm Global CO,
Reduction in 40 years







Other strategies:

e CCL-_carbon fee/dividend

e (Capand trade?

Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has always been challenged
and we are an adaptable species that has met the challenge over and over again!






Other strategies:

e CCL- carbon fee/dividend

e (Capand trade?

Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has always been challenged

and we are an adaptable species that has met the challenge over and over again!




e CCL-Colorado:
https://www.facebook.com/CitizensClimateLobbyDenverChapter/




Other strategies:

e CCL-_carbon fee/dividend

e (Capand trade?

Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has always been challenged

and we are an adaptable species that has met the challenge over and over again!




http://cotap.org/reduce-carbon-footprint/

3. We need to support science and new technologies



more generations removed.
- In that regard W€ Need a social paradigm shift

e Gloom and Doom? NO! IT’S A CHALLENGE, and humanity has
always been challenged and we are an adaptable species that
has met the challenge over and over again!



7. Child Mortality is down

8. Death in childbirth is rarer

9. People are getting taller

10. More people have access to malaria bednets

http://www.vox.com/2014/11/24/7272929/charts-thankful



18 Rapidly reduced the supply of nuclear weag “ oz
19. More countries are democracies ST
20. More people going to school longer

Kieran Healy

http://www.vox.com/2014/11/24/7272929/charts-thankful



25. Solar power is getting cheaper

http://www.vox.com/2014/11/24/7272929/charts-thankful
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Coral, Australia

Ice, Greenland

Lake Sediments, Turkey






PARTS PER MILLION
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Atmospheric CO, at Mauna Loa Observatory
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400 Years

Temp: tree rings and ice cores
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Change in temperature 2000-2009 vs. 1951-1980
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Rate = 3.3+ 0.4 mm/yr
o Seasonal signals removed
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Billions of People

World Population Growth Through History

Modern
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From "World Population: Toward the Next Century,” copyright 1994
by the Population Reference Bureau
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Differences between 1990 USDA hardiness
zones and 2006 arborday.org hardiness
zones reflect warmer climate
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NEIL DEGRASSE TYSON
EXPLAINS EVERYTHING
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responders reject  Hungary

evolution, and Luxembourg
Ireland

another 35% accept syizeriand
it only as divinely  austia

steered to produce Greece
United States

US) Turkey
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id man evolve?

(L.C. Hamilton, 2014)



CLIMATE

Ted Cruz: ‘Climate Change Is Not
Science. It’s Religion.’

BY SAMAMNTHA PAGE w OCT 30, 2015 11:284M




3. We need to support science and new technologies



COMPACT &
FUSION

IT'S CLOSER THAN YOU THINK 5 75

* OR NEW GERMAN REACTOR (CLICK HERE) ' _,y‘
TWISTED LOGIC

* SOLAR, OTHER NUCLEAR, MODERN GRID, ETC.



The potential for land-based biological CO2 removal
to lower future atmospheric CO2 concentration-Tim

Lenton, University of Exeter - click here

Sustainable biochar to mitigate global climate change
- Woolf,







http://cotap.org/reduce-carbon-footprint/

3. We need to support science and new technologies
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Changing Planet: Past, Present, Future

Lecture 4 — Climate Change: How Do We Know We're Not Wrong?
by Naomi Oreskes, PhD

http://www.hhmi.org/biointeractive/climate-change-
how-do-we-know-were-not-wrong

http://media.hhmi.org/hl/12Lect4.html



Implicatory Denial

Rejection of climate science—like acid rain, ozone
depletion, tobacco use—was not about science.

It was about its implications.

1. Free market capitalism had
produced serious problems
that the “invisible hand” was

not solving.

Naomi Oreskes e AITE 41 W

- I might need adjustment.

http://media.hhmi.org/hl/12Lect4.html



Catholic Church Rejected Galileo Because
They Did Not Like the Implications

Not because his science
wasn’t right, but because

it implied that the Catholic

Church wasn’t infallible

http://media.hhmi.org/hl/12Lect4.html




Dealing with Climate Change
Will Require Big Decisions

Therefore, it is appropriate
to turn a critical eye to the
science to try to make sure
it is not wrong.

http://media.hhmi.org/hl/12Lect4.html



Science Is Falsifiable

be demonstrated by experiment and/or observatio

This means that if the claim is false, then that can -|
n.

Example

Observation:
CO, levels are rising

Hypothesis:
Volcanoes are the
source of that CO,

http://media.hhmi.org/hl/12Lect4.html




Data Clearly Show That CO.
Increase Is Not from Volcanoes
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http://media.hhmi.org/hl/12Lect4.html



Has Evidence Passed Peer Review?

Researcher =———————— Editor

L—
writes a paper I —
making a claim — /‘N .
__1 Scientist AJ Scientist BJ Scientist CJ

| Critical scrutiny by experts

Revise and —_\\_*’——/r—l
resubmit R SV o
TJ Editorial Reviewj

Maybe <= the claim? Is the evidence sufficiently
well documented and explained?

o
/] /
Publicationd—" — Yes No = Rejection )

Is there sufficient evidence to support el‘:
' S

http://media.hhmi.org/hl/12Lect4.html



Intergovernmental Panel on
Climate Change (IPCC)

Thousands of scientists |
195 countries g

Open process

An unprecedented level
of review and inclusivity

ﬁ

Climate science has passed an
unprecedented level of peer review.

http://media.hhmi.org/hl/12Lect4.html



Performance

Climate models are
extremely complex
systems.

A good model should
be consistent with
what we see in the
real world.

Global climate model
geodesic grid

http://media.hhmi.org/hl/12Lect4.html



IPCC Summary: A Vast Number of
Observations Fit the Climate Models

Change in physical and biological systems and
surface temperature 1970-2004 Global

o —a

. 4 S Physical Biological
TSR s R 765 28,671

significant  significant
observed observed
changes changes
b : 94% 90%
_a BE ' significant significant
' «———= Temperature change (C) =~ = changes changes

I consistent consistent
10 -02 02 10 20 35 with warming with warming

http://media.hhmi.org/hl/12Lect4.html




Consensus

ESSAY
The Scientific Consensus Bt

on Climate Change

R Srwnbes

Review of 928 papers

75% supported the conclusion
that anthropogenic climate
change was under way

25% focused on paleoclimate
o or other technical aspects and
= S e took no position

| Nopeer-reviewed papers
i s refuted the consensus view

http://media.hhmi.org/hl/12Lect4.html



The Science Is Settled and Passes All
the Tests That We Can Subject It To

The globe is
warming and
the climate
is changing.

Difference from average temperature ('F)

-7 0 7

http://media.hhmi.org/hl/12Lect4.html



The Debate Should Not Be About Whether
Climate Change Is Happening...

http://media.hhmi.org/hl/12Lect4.html



