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Solutions — part B:
The Ultimate Primary Focus: Energy and Sequestration of CO2















RESPoNAINg to a Vwarming Climate

1990 VS. 2012

USDA Plant Hardiness Zone Maps
2012

Spring is springing forward: Spring events, like bird and butterfly migrations, flower blooming
times, and frog mating, have been advancing by about three days per decade over the past 30 years.

Source: Jeong et al., 2011, “Phenology shifts at start vs. end of growing season in temperate vegetation over the Northern Hemisphere for the
period 1982-2008"

https://www.arborday.org/media/zones.cfm
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Spring is springing forward: Spring events, like bird and butterfly migrations, flower blooming
times, and frog mating, have been advancing by about three days per decade over the past 30 years.

Source: Jeong et al., 2011, “Phenology shifts at start vs. end of growing season in temperate vegetation over the Northern Hemisphere for the
period 1982-2008"

https://www.arborday.org/media/zones.cfm
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Spring is springing forward: Spring events, like bird and butterfly migrations, flower blooming
times, and frog mating, have been advancing by about three days per decade over the past 30 years.

Source: Jeong et al., 2011, “Phenology shifts at start vs. end of growing season in temperate vegetation over the Northern Hemisphere for the
period 1982-2008"

https://www.arborday.org/media/zones.cfm
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Solutions — part A

Economics
 of doing nothing (solely adapting) vs. the economics of mitigation

e Actuality: it WILL be a combination
Capitalism, GDP/growth based economics vs. “Herman Daly” economics (no-

growth/steady-state)

Solutions? Paradigm shift? From we can’t/too expensive to WE CAN

There is promise, but at what cost? (One might be surprised).

* Energy

* Mitigation — Agricultural revolution/biofuels: Biochar for Carbon Dioxide Removal

(CDR)



Colorado changes

* | refer you to various slides:
* week 5 (slides 78-80) and

* Week 6 PART B: SEE http://denverclimatestudygroup.com/wp-

content/uploads/2014/07/Belanger-OLLI-WEST-wk6-PART-B-storage-and-grid-
options.pdf

e from my OLLI West class on web page
http://denverclimatestudygroup.com/?page id=24

* And | also refer to you my April 7t" OLLI west talk:

e http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Belanger-April-
7th-lecture.pdf Especially slides 85 to the end (parts about jobs, NREL, etc.)



http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Belanger-OLLI-WEST-wk6-PART-B-storage-and-grid-options.pdf
http://denverclimatestudygroup.com/?page_id=24
http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Belanger-April-7th-lecture.pdf

Source: AWEA
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Wind Projects
¢ Installed wind capacity: 3,026 MW
¢ State rank for installed wind capacity: 10th
* Number of wind turbines: 1,913
¢ State rank for number of wind turbines: 8th
* Wind projects online: 25 (Projects over 10 MW: 17)
¢ Wind capacity under construction: 76 MW
¢ Wind capacity in advanced development: 600 MW

Current Wind Generation

For the 12 month period ending October 2016, wind energy provided 16.87% of all in-
state electricity production.

* Equivalent number of homes powered by wind: 846,000

Wind Generation Potential
The DOE Wind Vision Scenario projects that Colorado could produce enough wind energy

by 2030 to power the equivalent of average American homes.
* Land based technical wind potential at 80 m hub height: 274,353 MW

* Land based technical wind potential at 110 m hub height: 262,878 MW (source: NREL)

Environmental Benefits
Generating wind power creates no emissions and uses virtually no water.

* 2015 annual state water consumption savings*: 4.4 billion gallons

* 2015 equivalent number of water bottles saved: 33.1 billion

* 2015 annual state carbon dioxide (CO,) emissions avoided: 8.0 million metric tons
* 2015 equivalent cars worth of emissions avoided: 1.7 million

*Based on national average water consumption factors for coal and gas plants



5. Geoengineering:
e Solar Radiation Management (SRM) and
e« Carbon Dioxide Removal (CDR)

6. Biochar vs. BECCS solutions SEE MY BIOCHAR LINK IN OTHER PAGES:
http://denverclimatestudygroup.com/?page id=28

7. Efficiency — the single quickest way to reduce:
 What NREL is doing: Efficiency, Solar, wind, other
8. Other strategies:
e CCL--carbon fee/dividend
* (Cap and trade?
9. 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://denverclimatestudygroup.com/?page_id=28

1. Energy — from fusion

2. Mitigation in the form of carbon dioxide removal
(CDR), agricultural changes and biofuels



http://www.lockheedmartin.com/us/p

roducts/compact-fusion.html

http://aviationweek.com/blog/high-

hopes-can-compact-fusion-unlock-

new-power-space-and-air-transport

http://aviationweek.com/fusion-

podcast

COMPACT G
FUSION

IT'S CLOSER THAN YOU THINK

It's no secret that our Skunk Wor\ks® team often
finds itself on the cutting edge of technology. As
they work to develop a source of infinite energy,
our engineers are looking to the biggest natural
fusion reactor for inspiration — the sun. By
containing the power of the sun in a small
magnetic bottle, we are on the fast track to
developing nuclear fusion reactors to serve the
world’s ever-growing energy needs.

Lockheed Martin: Compact Fusion Research & Development



http://www.lockheedmartin.com/us/products/compact-fusion.html
http://aviationweek.com/blog/high-hopes-can-compact-fusion-unlock-new-power-space-and-air-transport
http://aviationweek.com/fusion-podcast

FEATURES

- TWISTED LOGIC


http://denverclimatestudygroup.com/wp-content/uploads/2015/11/Science-2015-Clery-369-71.pdf

* http://thebulletin.org/fusion-reactors-not-what-they%E2%80%99re-cracked-

bel0699
» State not able to replicate Sun
 State Tritium cannot be fully replenished
* Huge parasitic power consumption
 Some forms (deuterium-tritium) do have radiation damage and waste
* Etc.



http://thebulletin.org/fusion-reactors-not-what-they%E2%80%99re-cracked-be10699

* COST/Renewables cheaper

* Backup Storage and Expanded Grid (or NOT) make Baseload NOT
necessary
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https://carbonremoval.files.wordpress.com/2014/12/energy-learning-curves.png
https://carbonremoval.wordpress.com/

* not too much, not too little

*SOLUTION — EITHER:

* Backup:
* Battery,
* Compressed Air,
* Re-pumped Hydro,
* H, (this can be 2-way for excess power or needed power)
 Rubber Bands, etc.
* Grid



SEE: Ramping Up Solar to Power the World - Greg Wilson, NREL:
https://www.youtube.com/watch?v=7CDPHxcnq4c&t=9s

Future Hy, at Scale Energy System

Value Added WHY HYDROGEN?

Applications ¢ Hydrogen is an ideal clean energy
carrier—connecting diverse energy

Electricity Hydrogen/ sources to diverse applications
Natural Gas * |t can play a unique and critical role in
Infrastructure

addressing many of the energy sector’s
greatest challenges

2SS Vehicle
Fuel

TODAY’S ENERGY SYSTEM

Generator > ‘ _
Fuel Cell, A ¢ Renewable energy—particularly wind

Combustion % and solar—offer great promise but have
Synthetic | 5 challenges associated with variable and

Fuels ) concurrent generation

-]
Hydrogen 5 « Options to achieve deep
Storage/ . — decarbonization while meeting society’s
Distribl?tion Upgr.adlng g multi-sector energy demands are

Qil/ limited, particularly in the industrial and

Biomass transportation sectors

FUTURE H,; AT
SCALE ENERGY SYSTEM

¢ Connects low-carbon energy sources to
all of the energy sectors

* Uses carbon-free, renewable inputs to
service all of society’s energy needs, in
particular the difficult to decarbonize
sectors of industry and transportation

Hydrogen Other Metals
Generation End Use Refining

* Does not compete with other options—
rather, it enables increased renewable
penetration

Concentrated Solar Power

=3 ENERGY SYSTEMS The ESIF helps NREL contribute to the U.S. Department of Energy’s and our nation’s energy goals by e Can decrease 45% of all U.S. carbon
N‘ﬂzgmmmwmmomw INTEGRATION FACILITY providing the R&D capabilities needed to collaborate with private industry, academia, government, and emissions by 2050
public entities on utility-scale projects focused on solving issues in relation to grid integration of renewable

U.S. DEPARTMENT OF ENERGY energy and other efficiency technologies.


https://www.youtube.com/watch?v=7CDPHxcnq4c&t=9s

e https://www.youtube.com/channel/UCr81EUb2gVJVfmmIJMxEHVw/videos

* Energy Should Be web page:

http://energyshouldbe.org/

 Why Storage is Key for a Renewable Energy Future:
https://www.youtube.com/watch?v=Yc hULwykvQ&t=14s

* To Allow Lots of Renewables, Baseload Coal & Nuclear Must Go:
https://youtu.be/deWtgpheDJM

* Etc.



https://www.youtube.com/channel/UCr81EUb2qVJVfmmlJMxEHVw/videos
http://energyshouldbe.org/
https://www.youtube.com/watch?v=Yc_hULwykvQ&t=14s
https://youtu.be/deWtgpheDJM

eoengineering:
e Solar Radiation Management (SRM) and

e« Carbon Dioxide Removal (CDR)

Biochar vs. BECCS solutions SEE MY BIOCHAR LINK IN OTHER PAGES:

Efficiency — the single quickest way to reduce:

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

Other strategies:

e CCL-carbon fee/dividend

e (Cap and 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!



Geoengineering:
1. Solar Radiation Management (SRM) and

2. Carbon Dioxide Removal (CDR) / Greenhouse Gas (GHG) Capture
* Focus on: Biochar vs. Bio-Energy with Carbon Capture and Storage (BECCS)
solutions
 Direct Air Capture (DAR) also in this category
 Reducing Enteric Methane (BURPED stomach gases from Ruminants) too
« SEE MY BIOCHAR web page LINK:
http://denverclimatestudygroup.com/?page id=28



http://denverclimatestudygroup.com/?page_id=28

SEE February 15, 2016 discussion on EEE tab:
http://denverclimatestudygroup.com/?page id=683

* National Academy of Science (NAS) Climate Intervention: Preface
and links (Click here); detailed reports below:

* NATIONAL ACADEMY OF SCIENCES (NAS) ONLINE: CLIMATE INTERVENTION:
REFLECTING SUNLIGHT TO COOL EARTH (2015),
AT HTTP://WWW.NAP.EDU/READ/18988;

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



http://denverclimatestudygroup.com/?page_id=683
http://denverclimatestudygroup.com/wp-content/uploads/2014/10/NAS-PREFACE-TO-CLIMATE-INTERVENTION-REPORTS.pdf
http://www.nap.edu/read/18988
http://www.nap.edu/read/18805

* Despite NAS efforts Geoengineering as a term is still currently the
most common term used



WGIIl AR5 Presentation or in PDF format

wg3 ar5 summary-for-policymakers approved

Video — the geoengineering dilemma 4.5 7.3 minutes

https://www.futurelearn.com/courses/climate-change-challenges-and-solutions/1/steps/3297

Are Ideas to cool the planet realistic
http://news.bbc.co.uk/2/hi/technology/8338853.stm



http://denverclimatestudygroup.com/wp-content/uploads/2014/10/WGIII_AR5_Presentation.pptx
http://denverclimatestudygroup.com/wp-content/uploads/2014/10/WGIII_AR5_Presentation.pdf
http://denverclimatestudygroup.com/wp-content/uploads/2014/10/wg3_ar5_summary-for-policymakers_approved.pdf
https://www.futurelearn.com/courses/climate-change-challenges-and-solutions/1/steps/3297
http://news.bbc.co.uk/2/hi/technology/8338853.stm

Three proposals to reduce temperature

2| Atmospheric aerosols
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madification
Desert Urban

Which is the best way to control climate change

Evaluating gecengineering techniques for and carbon
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Surface albedo
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EFFECTIVE Source: Royal society

hree proposals to reduce CO2
(1) Ocean fertilisation (2) Enhanced weathering  (3) Carbon Sequestration

Mew surface
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Biochar & Beccs
https://en.wikipedia.org/wiki/Biochar

https://en.wikipedia.org/wiki/Bio-
energy with carbon capture and stor

age

Royal Society


https://en.wikipedia.org/wiki/Biochar
https://en.wikipedia.org/wiki/Bio-energy_with_carbon_capture_and_storage

* Cloud Brightening to increase Earth’s Albedo (reflectivity) also investigated

* CDR

Ocean fertilization with Iron to create algal blooms that sink to the sea floor:
e https://en.wikipedia.org/wiki/Ocean_fertilization

Enhanced weathering: taking unstable mantle minerals, particularly Olivine to
lock up Carbon https://en.wikipedia.org/wiki/Enhanced weathering

Carbon Sequestration often ignores the potential of Biochar
Carbon Sequestration synonymous with Carbon Negativity



https://en.wikipedia.org/wiki/Ocean_fertilization
https://en.wikipedia.org/wiki/Enhanced_weathering

* See
https://en.wikipedia.org/wiki/Supercritical c :

arbon dioxide 10,000

* Miscible with salt water (saline aquifers)

* it can adopt properties midway between
a gas and a liguid. More specifically, it
behaves as a supercritical fluid above its
critical temperature (304.25 K, 31.10 °C,
87.98 °F) and critical pressure (72.9 atm,
7.39 MPa, 1,071 psi), expanding to fill its
container like a gas but with a density like
that of a liquid. 1
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https://en.wikipedia.org/wiki/Supercritical_carbon_dioxide
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Supercritical_fluid
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Liquid

* Definition: nttps://en.wikipedia.org/wiki/Blochar

* Biochar tab: http://denverclimatestudygroup.com/?page id=28



https://en.wikipedia.org/wiki/Biochar
http://denverclimatestudygroup.com/?page_id=28

* https://en.wikipedia.org/wiki/Biochar:

“Biochar is charcoal used as a soil amendment. Like most charcoal, biochar is
made from biomass via pyrolysis. Biochar is under investigation as an approach
to carbon sequestration to produce negative carbon dioxide emissions.!1l Biochar
thus has the potential to help mitigate climate change via carbon
sequestration.lZl3l Independently, 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.L"



https://en.wikipedia.org/wiki/Biochar
https://en.wikipedia.org/wiki/Charcoal
https://en.wikipedia.org/wiki/Soil_conditioner
https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Pyrolysis
https://en.wikipedia.org/wiki/Carbon_sequestration
https://en.wikipedia.org/wiki/Negative_carbon_dioxide_emission
https://en.wikipedia.org/wiki/Biochar#cite_note-indep1-1
https://en.wikipedia.org/wiki/Climate_change
https://en.wikipedia.org/wiki/Biochar#cite_note-RoyalSociety-2
https://en.wikipedia.org/wiki/Biochar#cite_note-DOI10.1038.2Fncomms1053-3
https://en.wikipedia.org/wiki/Fertility_(soil)
https://en.wikipedia.org/wiki/Acidic_soil
https://en.wikipedia.org/wiki/Biochar#cite_note-4
https://en.wikipedia.org/wiki/Forests
https://en.wikipedia.org/wiki/Biochar#cite_note-5
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Biochar#cite_note-indep1-1

OO0l Planet - ; minutes

e https://youtu.be/JPJsYZLU sM?t=535

- BIOCHAT

THE NEXT STABE IN [ILIMATE AEH[]N

< '-
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””””” = July 29 - August 1 ,-:‘ 1“%%“4“5@, E’L/A ”" b"'3 5
2012 US BlocharConference - EXCERPIS EDITED BYJAMESSHIKADA =

Scnoma State University, Rohnert Park, CA



https://youtu.be/JPJsYZLU_sM?t=535

id Growth C4 Plants Can Capture 10X CO,

C3

Rap

= Trees
= Shrubs
Flowers

Sorghum

Soybeans

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

fwili/C4 plamts (2011)

of Carbon Dioxide on Plants. Nature {2010)

Ci

Source: Taub, D. Effects of Rising
Source: Wilipedia, C4 carboa faanion, WES,

https://youtu.be/JPJsYZLU sM?t=535



https://youtu.be/JPJsYZLU_sM?t=535

’ dan am otosynthesis an ants:

* Photosynthetic
efficiency: http://en.wikipedia.org/wiki/Photosynthetic efficiency

* C3 carbon fixation: http://en.wikipedia.org/wiki/C3 carbon fixation

* C4 carbon fixation:http://en.m.wikipedia.org/wiki/C4 carbon fixation

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

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



http://en.wikipedia.org/wiki/Photosynthetic_efficiency
http://en.wikipedia.org/wiki/C3_carbon_fixation
http://en.m.wikipedia.org/wiki/C4_carbon_fixation
http://www.cropsreview.com/types-of-photosynthesis.html
https://www.youtube.com/watch?v=Yg_pdXzWXVA

Carbon Negative Fuel Cycle
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A ~
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> 4
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."_ _."—- _,
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Biochar Biochar
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Carbon Negative Fuel
https://youtu.be/JPJsYZLU sM?t=535



https://youtu.be/JPJsYZLU_sM?t=535

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

https://youtu.be/JPJsYZLU sM?t=535



https://youtu.be/JPJsYZLU_sM?t=535

Cool Planet’ s 3 Core
Technologies

w Advanced CatalystsA&B /"\

“ Advanced Catalysts c&D FUEL

~— s
3 ‘

Soil Enhancer

Technological Breakthroughs:

O Biomass Fractionator
O Advanced Catalysis
O Char to Soil Enhancer (Process)

https://youtu.be/JPJsYZLU sM?t=535



https://youtu.be/JPJsYZLU_sM?t=535

Current Plans to Deploy the Negative Carbon Fuel Cycle

HStrawhorrv Finld” chinnine rantainace meadifiad s acratliee

Commercial Plants - 50 million gallons a year Global Village Plants - 1 million gallons a year

THE WALL STREET JOURNAL. (2,000 plants workdwide —deveoped world) | (100,000 plant workwide ~ mergig workd)

Monday, Septemiber 23 2013 As of 206 P 500

.* As suggested by:

Google
- ventures google org

Home World Asia China India Japan SE Asia Business Markets
Up to 8X gain in village income by
) . increasing energy & food production
CoolPlhanoet’s Clreery Ivrerd fore € lerersrler - St 2 2
One Step Towards Cheays Clas FFrorrr y while bringing the village into
Phierrmransis the information society

ventare partears

outu.be/JPJsYZLU sM?t=535



https://youtu.be/JPJsYZLU_sM?t=535

CoolPlanet’ s Overall Negative Carbon Plan

@ Total Land Area Required

» To run all the world’ s cars

For Zero Net Carbon Emission
worldwide by 2030

@ For 100 ppm Global CO,

Reduction in 40 years

- create Biofuels

https://youtu.be/IPJsYZLU sM2t=535



https://youtu.be/JPJsYZLU_sM?t=535

* BIOCHAR: POLICY AND COMPETION:
http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Larson-

biochar-PART-B-BIOCHAR2017.pdf



http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Larson-biochar-PART-B-BIOCHAR2017.pdf

* https://en.wikipedia.org/wiki/Bio-

energy with carbon capture and storage



https://en.wikipedia.org/wiki/Bio-energy_with_carbon_capture_and_storage

 Solar Radiation Management (SRM) and
 Carbon Dioxide Removal (CDR)
Biochar vs. BECCS solutions SEE MY BIOCHAR LINK IN OTHER PAGES:

Efficiency — the single quickest way to reduce:

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

Other strategies:

e CCL-carbon fee/dividend

e (Cap and 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!
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Go to this 74 slide presentation:
TRANSITION TO RENEWABLE
ENERGY: OSHER 10.14.15
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Leading the Way to a Clean Energy Future

i
'

The Transition to Renewable Enérgy

Davud Warner NREL PubhcAffalrs Ofﬁce : .
..... Octoberm 2015


http://denverclimatestudygroup.com/wp-content/uploads/2015/04/OSHER-10.14.15.pdf
http://denverclimatestudygroup.com/wp-content/uploads/2015/04/OSHER-10.14.15.pdf

Go to this 74 slide
presentation:

TRANSITION TO
RENEWABLE ENERGY -

OSHER 10.14.15

Facilities &
Infrastucture
67

Strategic
Partnership
Projects

6 Agreements for
Commercializing —
Technology

DOE
4 Other DOE

4 DOE Office of Electricity
16 DOE Office of Science

Strategic Partnership
Projects
60

Buildings
Tech
Vehicles 29
Tech
28

EERE Programs

Fuel Cell Technology
Water Power

Systems Engineering &
Program Integration

Analytic Studies

Federal Energy
Management

Geothermal
Other EERE


http://denverclimatestudygroup.com/wp-content/uploads/2015/04/OSHER-10.14.15.pdf

 Solar Radiation Management (SRM) and
 Carbon Dioxide Removal (CDR)
Biochar vs. BECCS solutions SEE MY BIOCHAR LINK IN OTHER PAGES:

Efficiency — the single quickest way to reduce:

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

Other strategies:

e CCL- carbon fee/dividend

e (Cap and 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 citizensclimatelobby.org/ccl-applauds-republican-resolution-calling-

for-action-on-climate-change/

* http://citizensclimatelobby.org/

* Facebook:

* CCl — national: https://www.facebook.com/CitizensClimateLobby/?fref=ts

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



https://citizensclimatelobby.org/ccl-applauds-republican-resolution-calling-for-action-on-climate-change/?utm_content=pebelanger@glassdesignresources.com&utm_source=VerticalResponse&utm_medium=Email&utm_term=climate resolution&utm_campaign=Weekly Briefing - Gibson Resolution, Admiral Titley and morecontent
http://citizensclimatelobby.org/
https://www.facebook.com/CitizensClimateLobby/?fref=ts
https://www.facebook.com/CitizensClimateLobbyDenverChapter/

 Solar Radiation Management (SRM) and
 Carbon Dioxide Removal (CDR)
Biochar vs. BECCS solutions SEE MY BIOCHAR LINK IN OTHER PAGES:

Efficiency — the single quickest way to reduce:

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

Other strategies:

e CCL-carbon fee/dividend

e (Cap and 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!



dS been getiing pnetier

2. Changes are happening; WE NEED TO CHANGE:

* 25+ Ways to Reduce Your Carbon Footprint:
http://cotap.org/reduce-carbon-footprint/

3. We need to support science and new technologies


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

So — let’s not regress; let’s continue to improve our
world and transition to a new future: A NEW NORMAL

There are few, if any, historical examples of civilizations

consciously making sacrifices on behalf of descendants two or
more generations removed.

+ In that regard W€ Need a social paradigm shift

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



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

xtreme poverty has fallen
Hunger is falling

Child labor in decline

More leisure time

Income spent on food has plummeted in US
Health care: life expectancy is rising

Child Mortality is down

Death in childbirth is rarer

People are getting taller

10. More people have access to malaria bednets

O 00 N O U ST

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


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

12.
13.
14.
15.
16.
17.
18.
19.
20.

Teen births in US are down

As is smoking

War is on the decline

Homicide rates are down in Europe

And the US too

Violent crime declining

Rapidly reduce the supply of nuclear weapons
More countries are democracies

More people going to school longer

Assault Deaths per 100k population
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Kieran Healy


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

22. US unsheltered homeless declined nearly 32% since 2007

23. Moore’s law is still going (# transistors on a chip doubling) i.e.
greater computer power

24. Access to internet increasing
25. Solar power is getting cheaper


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

http://denverclimatestudygroup.com/wp-

content/uploads/2014/07/0lli-Anthropocene-Oct-
2017.pdf



http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Olli-Anthropocene-Oct-2017.pdf
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Arctic sea ice volume by month Jan 1979 to Mar 2017
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Caves and Reefs
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Atmospheric CO, at Mauna Loa Observatory
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400,000 years

Antarctic Ice Cores

Pleistocene

Stone Age
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Temperature (C)
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Temperature is derived from the deuterium proportion in the ice

i

CQ» concentration is from trapped air bubbles

Humwmﬂca H
*
Humang 6n&3 dkgl;tralia — 400
e
42 %g
Mt ;f%%ﬁrﬂptian c
¥ 4503
a
E
o
{2402
. _ d\l
(]
<200

' |

400 30
Temperature data from Vostok core
C{h data from four ice cores

20
Thousand years

100 0

Petit et al., Nature, 1999
Siegenthaler et al., Science, 2005

21 Dec, 2006




POPULATION



Temperature anomaly (degrees C)
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Temp: tree rings and ice cores
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GLOBAL WARMING



About 342 w/m2 comes in

About 341 W/m2 goes out
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Video link:

https://www.voutube.com/watch?v=eGOzHVUQCWO https://www.pmel.noaa.gov/arctic-zone/detect/global-temps.shtml



https://www.pmel.noaa.gov/arctic-zone/detect/global-temps.shtml
https://www.youtube.com/watch?v=gGOzHVUQCw0
https://www.youtube.com/watch?v=gGOzHVUQCw0
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http://www.climatecentral.org/news/temperature-spiral-turns-1-year-old-21440
https://www.facebook.com/denverclimatestudygroup/
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https://www.youtube.com/watch?v=aWqjqLFmQnA&feature=share
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Billions of People

World Population Growth Through History
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World Fossil Fuel Carbon Dioxide Emissions
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~12ntsS ancarAnImals are Kesponaing to a Vvarming Climate

USDA Plant Hardiness Zone Maps
2012

HEENE
3 4 5 a8 7

Spring is springing forward: Spring events, like bird and butterfly migrations, flower blooming
times, and frog mating, have been advancing by about three days per decade over the past 30 years.

Source: Jeong et al., 2011, “Phenology shifts at start vs. end of growing season in temperate vegetation over the Northern Hemisphere for the
period 1982-2008"

https://www.arborday.org/media/zones.cfm



https://www.arborday.org/media/zones.cfm







~ Ocean Day !
¢ Dockweiler Beach, LA
21 5000 students



Museums, Zoos and Your Children will
save the World




Climate Experts

* 97 % Climate Scientists say
business as usual is NOT safe —
should you believe them?

e If 95 of 100 Engineers tell
you that IT IS NOT SAFE TO
GO FORTH ON THAT BRIDGE
— are you going to ignore
them?




Climate science expert lvanka Trump to determine the fate of planet
Earth. https://t.co/N9Lw7BDVEI

(dad doesn’t) " S\
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Ivanka Trump to review climate change as US mulls
Paris pullout
The president’s daughter and adviser will look at the issue as he weighs taking


https://www.facebook.com/denverclimatestudygroup/

Neil deGrasse Tyson — he’s not a climate

scientist either —and he’s old:
BUT HE GETS IT!



NEIL DEGRASSE TYSON
EXPLAINS EVERYTHING



https://www.facebook.com/techinsider/videos/428602874004741/

e http://www.cnn.com/videos/tv/2017/05/05/exp-gps-neil-degrasse-
tyson-climate-change.cnn
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http://www.cnn.com/videos/tv/2017/05/05/exp-gps-neil-degrasse-tyson-climate-change.cnn
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CLIMATE CHANGE Is WOF
mDEM =mIND = REP m TEA(C&IUS

Do you trust data from scientists?
- TRUST SCIENTISTS -

. DEM - IND

0%  20%  40%  60%  80%
| EVOLUTION -
BN DEM mmIND m REP = TEA

83%

66%

%  20%  40%  60%  80%

1) :
h Did man evolve?

| e ' (L.C. Hamilton, 2014)
0% 20%.  40%. 60% .



CLIMATE
- Ted Cruz: ‘Climate Change Is Not -

Science. It’s Rellglon.

BY SAMANTHA PAGE w OCT 30, 2015 11:28AM




2. Changes are happening

3. We need to support science and new technologies



=

ENERGY — NON-CARBON sources:
e RENEWABLES:
 Photovoltaics (PV)

e Wind
 Concentrated Solar Power
Storage and/or Expanded Grid FLISION
Continued subsidy for Conventional Nuclear S ISR TR
Possibly FUSION: COMPACT FUSION OF LOCKHEED (CLICK HERE) ,
e OR NEW GERMAN REACTOR (CLICK HERE)

. SOLAR, OTHER NUCLEAR, MODERN GRID, ETC. ¢ ‘
TWISTED LOGIC


http://www.lockheedmartin.com/us/products/compact-fusion.html
http://denverclimatestudygroup.com/wp-content/uploads/2015/11/Science-2015-Clery-369-71.pdf

2. MITIGATION: BIOCHAR as a sequestration agent:
http://denverclimatestudygroup.com/?page id=28

* 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://denverclimatestudygroup.com/?page_id=28
http://www.denverclimatestudygroup.com/CO2_and_CO2_SEQUESTRATION/Lenton CO2.pdf
http://www.denverclimatestudygroup.com/Biochar/BIOCHARncomms1053.pdf

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 WOor dS been getting netier

2. Changes are happening; WE NEED TO CHANGE:

e 25+ Ways to Reduce Your Carbon Footprint:
http://cotap.org/reduce-carbon-footprint/

3. We need to support science and new technologies
4. GET INVOLVED — keep in touch


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







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


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

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.

[ 2 The American way of life ]

- "§° . 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

This means that if the claim is false, then that can
be demonstrated by experiment and/or observation.

— =

Example

Observation:
CO, levels are rising

Hypothesis:
Volcanoes are the

source of that CO, l

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 = ——— Edlto

writes a paper r /‘\

making a claim
9 _J Scientist A Scientist BJ Scientist C

1’ Crltlcal scrutiny by experts
Revise and —\V—/
resubmit h, Ve
——-1' Editorial Review
Is there sufficient evidence to support <,‘
Maybe <= the claim? Is the evidence sufficiently
well documented and explained? D, &

Vo

Publicationd—',__ Yes No = Rejection |

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

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 Global
surface temperature 1970-2004
- g Physical Biological
765 28,671
significant  significant
observed observed
changes changes
94% 90%
u_ I significant significant
" «e——= Temperature change ('C) L - changes changes
' | - ) consistent consistent
A0 02 02 10 50 35 with warming with warming
e —

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



Consensus

ESSAY Review of 928 papers

The Scientific Consensus

on Climate Change

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

25% focused on paleoclimate
or other technical aspects and
took no position

No peer-reviewed papers
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)

[ T
 j 0 7

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



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

. ’Q\q.--' —
...Rather, What &m m Going (@Ehﬂmn 1t?

FHHNAL

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



