
9ŀǊǘƘΩǎ /ƭƛƳŀǘŜΥ tŀǎǘΣ tǊŜǎŜƴǘ ŀƴŘ CǳǘǳǊŜ
OLLI South Spring 2017:

week 8 (May 18th)

Paul Belanger 

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



A low-carbon footprint snowplow



Another low-carbon footprint snowplow



Announcements



Compare next slides

ÅIn particular notice the difference between 2012 and 2015 ς3 YEARS!



Plants and Animals are Responding to a Warming Climate

1990vs.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:JeongŜǘ ŀƭΦΣ нлммΣ άtƘŜƴƻƭƻƎȅ ǎƘƛŦǘǎ ŀǘ ǎǘŀǊǘ ǾǎΦ ŜƴŘ ƻŦ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ƛƴ ǘŜƳǇŜǊŀǘŜ ǾŜƎŜǘŀǘƛƻƴ ƻǾŜǊ ǘƘŜ bƻǊǘƘŜǊƴ IŜƳƛǎǇƘŜǊŜ ŦƻǊ ǘhe

period 1982ςнллуέ

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

https://www.arborday.org/media/zones.cfm
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Plants and Animals are Responding to a Warming Climate

1990 vs. 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:JeongŜǘ ŀƭΦΣ нлммΣ άtƘŜƴƻƭƻƎȅ ǎƘƛŦǘǎ ŀǘ ǎǘŀǊǘ ǾǎΦ ŜƴŘ ƻŦ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ƛƴ ǘŜƳǇŜǊŀǘŜ ǾŜƎŜǘŀǘƛƻƴ ƻǾŜǊ ǘƘŜ bƻǊǘƘŜǊƴ IŜƳƛǎǇƘŜǊŜ ŦƻǊ ǘhe

period 1982ςнллуέ

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

2015

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


1. Economics
Å of doing nothing (solely adapting) vs. the economics of mitigation
Å Actuality: it WILL be a combination

2. CapitalismΣ D5tκƎǊƻǿǘƘ ōŀǎŜŘ ŜŎƻƴƻƳƛŎǎ ǾǎΦ άIŜǊƳŀƴ 5ŀƭȅέ ŜŎƻƴƻƳƛŎǎ όƴƻ-
growth/steady-state)

3. {ƻƭǳǘƛƻƴǎΚ tŀǊŀŘƛƎƳ ǎƘƛŦǘΚ CǊƻƳ ǿŜ ŎŀƴΩǘκǘƻƻ ŜȄǇŜƴǎƛǾŜ ǘƻ ²9 /!b
4. There is promise, but at what cost? (One might be surprised).
Å Energy
Å Mitigation ςAgricultural revolution/biofuels: Biochar for Carbon Dioxide Removal 

(CDR)

9ŀǊǘƘΩǎ /ƭƛƳŀǘŜΥ tŀǎǘΣ tǊŜǎŜƴǘ ŀƴŘ CǳǘǳǊŜ
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Solutions ςpart A



Colorado changesin renewable energy

Å5ƛŘƴΩǘ ŎƻǾŜǊΥ 

ÅI refer you to various slides:
Åweek 5 (slides 78-80) and
ÅWeek 6 PART B: SEE http://denverclimatestudygroup.com/wp-

content/uploads/2014/07/Belanger-OLLI-WEST-wk6-PART-B-storage-and-grid-
options.pdf
Åfrom my OLLI West class on web page 

http://denverclimatestudygroup.com/?page_id=24

ÅAnd I also refer to you my April 7th OLLI west talk:

Åhttp://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


Colorado Wind Development

Source: AWEA



This week, May 18th : Solutions ςpart B
continued

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

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

7. Efficiency ςthe single quickest way to reduce:
Å What NREL is doing: Efficiency, Solar, wind, other

8. Other strategies:
Å CCL ςcarbon fee/dividend
Å Cap and trade?

9. DƭƻƻƳ ŀƴŘ 5ƻƻƳΚ bhΗ L¢Ω{ ! /I![[9bD9Σ ŀƴŘ ƘǳƳŀƴƛǘȅ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŎƘŀƭƭŜƴƎŜŘ 
and we are an adaptable species that has met the challenge over and over again!

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


However ςPOTENTIAL big game changers in 
Energy and Carbon Dioxide Removal

1. Energy ςfrom fusion

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



ï http://www.lockheedmartin.com/us/p

roducts/compact-fusion.html

ï http://aviationweek.com/blog/high-

hopes-can-compact-fusion-unlock-

new-power-space-and-air-transport

ï http://aviationweek.com/fusion-

podcast

Lockheed Martin Compact Fusion breakthrough?
1. Energy ςfrom fusion

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


1. More on Fusion:
Fusion article in Science: Twisted LogicScience-2015-Clery-
369-7

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


Will we ever get there?

ÅCǳǎƛƻƴ ǊŜŀŎǘƻǊǎΥ bƻǘ ǿƘŀǘ ǘƘŜȅΩǊŜ ŎǊŀŎƪŜŘ ǳǇ ǘƻ ōŜ
Åhttp://thebulletin.org/fusion-reactors-not-what-they%E2%80%99re-cracked-

be10699

ÅState not able to replicate Sun

ÅState Tritium cannot be fully replenished

ÅHuge parasitic power consumption

ÅSome forms (deuterium-tritium) do have radiation damage and waste

ÅEtc.

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


BUT
WE MAY NOT NEED IT?

Å2 REASONS: 

ÅCOST/Renewables cheaper

ÅBackup Storage and Expanded Grid (orNOT)makeBaseload NOT 
necessary



https://carbonremoval.files.wordpress.com/2014/12/energy-learning-curves.pnghttps://carbonremoval.wordpress.com/

https://carbonremoval.files.wordpress.com/2014/12/energy-learning-curves.png
https://carbonremoval.wordpress.com/


BACKUP AND/OR GRID

ÅBalanced power is necessary: 
Ånot too much, not too little

ÅSOLUTION ςEITHER:
ÅBackup:
ÅBattery, 
ÅCompressed Air, 
ÅRe-pumped Hydro,
ÅH2 (this can be 2-way for excess power or needed power)
ÅRubber Bands, etc.

ÅGrid



Future Energy System ςCommodity H2
SEE: Ramping Up Solar to Power the World - Greg Wilson, NREL:
https://www.youtube.com/watch?v=7CDPHxcnq4c&t=9s

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


Ken Regelson videos

ÅCRES YouTube: Many videos on 
Åhttps://www.youtube.com/channel/UCr81EUb2qVJVfmmlJMxEHVw/videos

ÅEnergy Should Be web page: 
http://energyshouldbe.org/
ÅWhy Storage is Key for a Renewable Energy Future: 

https://www.youtube.com/watch?v=Yc_hULwykvQ&t=14s

ÅTo Allow Lots of Renewables, BaseloadCoal & Nuclear Must Go: 
https://youtu.be/deWtgpheDJM
ÅEtc. 

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


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

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

7. Efficiency ςthe single quickest way to reduce:
Å What NREL is doing: Efficiency, Solar, wind, other

8. Other strategies:
Å CCL ςcarbon fee/dividend
Å Cap and trade?

9. DƭƻƻƳ ŀƴŘ 5ƻƻƳΚ bhΗ L¢Ω{ ! /I![[9bD9Σ ŀƴŘ ƘǳƳŀƴƛǘȅ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŎƘŀƭƭŜƴƎŜŘ 
and we are an adaptable species that has met the challenge over and over again!
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Part A: Geoengineering

Geoengineering: 
1. Solar Radiation Management (SRM) and 
2. Carbon Dioxide Removal (CDR) / Greenhouse Gas (GHG) Capture
Å Focus on: Biochar vs. Bio-Energy with Carbon Capture and Storage (BECCS) 

solutions
Å Direct Air Capture (DAR) also in this category
Å Reducing Enteric Methane (BURPED stomach gases from Ruminants) too 
Å SEE MY BIOCHAR web page LINK: 

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

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


Extras to investigate outside of class

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

ÅNational Academy of Science (NAS) Climate Intervention: Preface 
and links (Click here); detailed reports below:
ÅNATIONAL ACADEMY OF SCIENCES (NAS) ONLINE:CLIMATE INTERVENTION: 

REFLECTING SUNLIGHT TO COOL EARTH(2015), 
ATHTTP://WWW.NAP.EDU/READ/18988;
ÅANDCLIMATE INTERVENTION:CARBON DIOXIDE REMOVAL AND RELIABLE 

SEQUESTRATION(2015), ATHTTP://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


Terminology

ÅNo terminology is going to be complete

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



IPCC Assessment report-5 (AR5); Working Group III 

(WGIII): Mitigation

Á WGIII_AR5_Presentationor in PDF format

Á wg3_ar5_summary-for-policymakers_approved

Á Video ςthe geoengineering dilemma 4.5 7.3 minutes 
https://www.futurelearn.com/courses/climate-change-challenges-and-solutions/1/steps/3297

Á Are Ideas to cool the planet realistic

http://news.bbc.co.uk/2/hi/technology/8338853.stm

Extras to investigate outside of class

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


Solar Radiation Management vs. Carbon dioxide 
Removal (SRM VS. CDR)

Biochar & Beccs
Å https://en.wikipedia.org/wiki/Biochar

Å 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


Additional

ÅSRM
Å/ƭƻǳŘ .ǊƛƎƘǘŜƴƛƴƎ ǘƻ ƛƴŎǊŜŀǎŜ 9ŀǊǘƘΩǎ !ƭōŜŘƻ όǊŜŦƭŜŎǘƛǾƛǘȅύ ŀƭǎƻ ƛƴǾŜǎǘƛƎŀǘŜŘ

ÅCDR
ÅOcean fertilization with Iron to create algal blooms that sink to the sea floor:
Åhttps://en.wikipedia.org/wiki/Ocean_fertilization

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

ÅCarbon Sequestration often ignores the potential of Biochar

ÅCarbon Sequestration synonymous with Carbon Negativity

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


Supercritical CO2

ÅSee 
https://en.wikipedia.org/wiki/Supercritical_c
arbon_dioxide

ÅMiscible with salt water (saline aquifers)

Åit can adopt properties midway between 
a gasand aliquid. More specifically, it 
behaves as asupercritical fluidabove its 
critical temperature (304.25K, 31.10°C, 
87.98°F) and critical pressure (72.9atm, 
7.39MPa, 1,071psi), expanding to fill its 
container like agasbut with adensitylike 
that of aliquid.

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


Biochar

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

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

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


Åhttps://en.wikipedia.org/wiki/Biochar:

άBiocharischarcoalused as asoil amendment. Like most charcoal, biochar is 
made frombiomassviapyrolysis. Biochar is under investigation as an approach 
to carbon sequestrationto producenegative carbon dioxide emissions.[1] Biochar 
thus has the potential to help mitigateclimate changevia carbon 
sequestration.[2][3] Independently, biochar can increasesoil fertilityofacidic
soils(low pH soils), increase agricultural productivity, and provide protection 
against some foliar and soil-borne diseases.[4] Furthermore, biochar reduces 
pressure onforests.[5] Biochar is a stable solid, rich incarbon, and can endure in 
soil for thousands of years.[1]έ

Carbon Dioxide Removal (CDR)

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


Cool Planet - @ 9:00 minutes

Åhttps://youtu.be/JPJsYZLU_sM?t=535

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


Following slides from Cool Planet Video

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

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


Types of Photosynthesis

ÅAbout C3, C4 and Cam Photosynthesis and Plants:

ÅPhotosynthetic 
efficiency: http://en.wikipedia.org/wiki/Photosynthetic_efficiency

ÅC3 carbon fixation:http://en.wikipedia.org/wiki/C3_carbon_fixation

ÅC4 carbon fixation:http://en.m.wikipedia.org/wiki/C4_carbon_fixation

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

ÅC3 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: Biochar and 
Biofuels

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

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


Soil Enhancement

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

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


Core Technologies: 

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

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


Sponsorships

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

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


CARBON NEGATIVE BENEFITS:

- Sequester CO2
- create Biofuels

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

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


BIOCHAR

ÅRonLarsonPresentationMAY15TH to OLLI West class:
ÅBIOCHAR: 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


Bio-energy with carbon capture and storage
(BECCS)

Bio-energy with carbon capture and storage

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

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


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

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

7. Efficiency ςthe single quickest way to reduce:
Å What NREL is doing: Efficiency, Solar, wind, other

8. Other strategies:
Å CCL ςcarbon fee/dividend
Å Cap and trade?

9. DƭƻƻƳ ŀƴŘ 5ƻƻƳΚ bhΗ L¢Ω{ ! /I![[9bD9Σ ŀƴŘ ƘǳƳŀƴƛǘȅ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŎƘŀƭƭŜƴƎŜŘ 
and we are an adaptable species that has met the challenge over and over again!

9ŀǊǘƘΩǎ /ƭƛƳŀǘŜΥ tŀǎǘΣ tǊŜǎŜƴǘ ŀƴŘ CǳǘǳǊŜ
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National Renewable Energy Lab: NREL

Åhttp://www.nrel.gov/

Go to this 74 slide presentation: 
TRANSITION TORENEWABLE 
ENERGY: OSHER 10.14.15

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


{ŜŜ ²Ƙŀǘ 5h9Ωǎ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀō όbw9[ύ ƛǎ 5ƻƛƴƎΗ

ÅGoto this 74 slide 
presentation:  
TRANSITION TO 
RENEWABLE ENERGY -
OSHER 10.14.15

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


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

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

7. Efficiency ςthe single quickest way to reduce:
Å What NREL is doing: Efficiency, Solar, wind, other

8. Other strategies:
Å CCL ςcarbon fee/dividend
Å Cap and trade?

9. DƭƻƻƳ ŀƴŘ 5ƻƻƳΚ bhΗ L¢Ω{ ! /I![[9bD9Σ ŀƴŘ ƘǳƳŀƴƛǘȅ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŎƘŀƭƭŜƴƎŜŘ 
and we are an adaptable species that has met the challenge over and over again!

9ŀǊǘƘΩǎ /ƭƛƳŀǘŜΥ tŀǎǘΣ tǊŜǎŜƴǘ ŀƴŘ CǳǘǳǊŜ
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SOLUTIONS

Carbonfee/ dividend:

Åcitizensclimatelobby.org/ccl-applauds-republican-resolution-calling-
for-action-on-climate-change/

Åhttp://citizensclimatelobby.org/

ÅFacebook: 
ÅCClςnational: https://www.facebook.com/CitizensClimateLobby/?fref=ts

ÅCCL-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/


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

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

7. Efficiency ςthe single quickest way to reduce:
Å What NREL is doing: Efficiency, Solar, wind, other

8. Other strategies:
Å CCL ςcarbon fee/dividend
Å Cap and trade?

9. DƭƻƻƳ ŀƴŘ 5ƻƻƳΚ bhΗ L¢Ω{ ! /I![[9bD9Σ ŀƴŘ ƘǳƳŀƴƛǘȅ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŎƘŀƭƭŜƴƎŜŘ 
and we are an adaptable species that has met the challenge over and over again!



IN SUMMARY

1. The world has been getting better

2. Changesare happening; WE NEED TO CHANGE:
Å25+ 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/


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

So ςƭŜǘΩǎ ƴƻǘ ǊŜƎǊŜǎǎΤ ƭŜǘΩǎ ŎƻƴǘƛƴǳŜ ǘƻ ƛƳǇǊƻǾŜ ƻǳǊ 
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.

Å In that regard we need a social paradigm shift

ÅDƭƻƻƳ ŀƴŘ 5ƻƻƳΚ bhΗ L¢Ω{ ! /I![[9bD9Σ ŀƴŘ ƘǳƳŀƴƛǘȅ Ƙŀǎ 
always been challenged and we are an adaptable species that 
has met the challenge over and over again!

25 Charts and Maps that Show the World is Much Better:
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


1. ECONOMIC PROGRESS: Extreme poverty has fallen
2. Hunger is falling
3. Child labor in decline
4. More leisure time
5. Income spent on food has plummeted in US
6. Health care: life expectancy is rising
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

25 Charts and Maps that Show the World is Much Better:
http://www.vox.com/2014/11/24/7272929/charts-thankful

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


11. Guinea worm is almost eradicated
12. Teen births in US are down
13. As is smoking
14. War is on the decline
15. Homicide rates are down in Europe
16. And the US too 
17. Violent crime declining
18. Rapidly reduce the supply of nuclear weapons
19. More countries are democracies
20. More people going to school longer

25 Charts and Maps that Show the World is Much Better (cont.):
http://www.vox.com/2014/11/24/7272929/charts-thankful

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


21.Literacy is up as well

22.US unsheltered homeless declined nearly 32% since 2007

23.aƻƻǊŜΩǎ ƭŀǿ ƛǎ ǎǘƛƭƭ ƎƻƛƴƎ όІ ǘǊŀƴǎƛǎǘƻǊǎ ƻƴ ŀ ŎƘƛǇ ŘƻǳōƭƛƴƎύ  ƛΦŜΦ 
greater computer power

24.Access to internet increasing

25.Solar power is getting cheaper

25 Charts and Maps that Show the World is Much Better (cont.):
http://www.vox.com/2014/11/24/7272929/charts-thankful

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


Changes ARE happening

ÅSEE Bob Raynolds week 4 presentation:

http://denverclimatestudygroup.com/wp-
content/uploads/2014/07/Olli-Anthropocene-Oct-
2017.pdf

http://denverclimatestudygroup.com/wp-content/uploads/2014/07/Olli-Anthropocene-Oct-2017.pdf


Changes ARE happening:
Mass Extinctions



Changes ARE 
happening

ICE:



Changes are Happening

MUD







Changes are Happening

Caves and Reefs



Lake Sediments, TurkeyIce, Greenland

British Geological Survey

Coral, Australia



Changes are Happening

AIR







Changes are Happening

POPULATION





Changes are Happening

GLOBAL WARMING



About 342 w/m2 comes in

About 341 W/m2 goes out





NASA

https://www.pmel.noaa.gov/arctic-zone/detect/global-temps.shtml

Global - Global Temperature Trends: 2015 Summation
Earth's Long-Term Warming Trend, 1880-2015

Video link: 
https://www.youtube.com/watch?v=gGOzHVUQCw0

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


Temperature 
Spiral

Åhttp://www.climatecentral.org/ne
ws/temperature-spiral-turns-1-
year-old-21440

Åhttps://www.facebook.com/denve
rclimatestudygroup/

http://www.climatecentral.org/news/temperature-spiral-turns-1-year-old-21440
https://www.facebook.com/denverclimatestudygroup/


Seasonal 
changes in 

carbon dioxide

https://www.youtube.com/watch?v=aWqjqLFmQnA&feature=share


John Bruno, Climate Shifts







BP, 2012;  



Plants and Animals are Responding to a Warming Climate

1990 vs. 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:JeongŜǘ ŀƭΦΣ нлммΣ άtƘŜƴƻƭƻƎȅ ǎƘƛŦǘǎ ŀǘ ǎǘŀǊǘ ǾǎΦ ŜƴŘ ƻŦ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ƛƴ ǘŜƳǇŜǊŀǘŜ ǾŜƎŜǘŀǘƛƻƴ ƻǾŜǊ ǘƘŜ bƻǊǘƘŜǊƴ IŜƳƛǎǇƘŜǊŜ ŦƻǊ ǘhe

period 1982ςнллуέ

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

2015

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


POWER OF THE PEOPLE



Ocean Day  2012

Huntington Beach 800 students



Ocean Day

Dockweiler Beach, LA

5000 students



Museums, Zoos and Your Children will 
save the World



Climate Experts

Å97 % Climate Scientists say 
business as usual is NOT safe ς
should you believe them?

ÅIf 95 of 100 Engineers tell 
you that IT IS NOT SAFE TO 
GO FORTH ON THAT BRIDGE 
ςare you going to ignore 
them?



YOUTHGETIT!

όŘŀŘ ŘƻŜǎƴΩǘύ

Åhttps://www.facebook.com/denve
rclimatestudygroup/

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


Neil deGrasseTyson ςƘŜΩǎ ƴƻǘ ŀ ŎƭƛƳŀǘŜ 
scientist either ςŀƴŘ ƘŜΩǎ ƻƭŘΥ

BUT HE GETS IT!



Neil deGrasseTyson ςif I were in charge, I 
ǿƻǳƭŘƴΩǘ ōŜ ƛƴ ŎƘŀǊƎŜ ςI would want to inform

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

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


Neil deGrasseTyson: On climate change deniers

Åhttp://www.cnn.com/videos/tv/2017/05/05/exp-gps-neil-degrasse-
tyson-climate-change.cnn

http://www.cnn.com/videos/tv/2017/05/05/exp-gps-neil-degrasse-tyson-climate-change.cnn


Public 

acceptance 

of evolution

Poll by New 

Scientist, 2006

0        25      50       75     100 % 

True ?  False
Iceland  

Denmark 

Sweden 

France     

Britain    

Norway

Belgium    

Spain   

Germany

Italy 

Netherlands 

Hungary

Luxembourg 

Ireland 

Switzerland 

Austria   

Greece    

United States

Turkey

(2012 Gallup poll 
found 49% of U.S. 
responders reject 
evolution, and 
another 35% accept 
it only as divinely 
steered to produce 
us)


