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http://files.constantcontact.com/5384ad7d001/e864e16-1221-43b3-8421-5eea93f9440edf

Tuesday Januar{6th

Catalog of Classes through Monday
March 12th

OLLI /L b</

Osher Lifelong Learning Institute at
the University of Denver


http://files.constantcontact.com/5384ad7d001/e864e167-d221-43b3-8421-5eea93f9440e.pdf

Announcements
A OLLI West 10th
Anniversary and
Halloween Party Potluck

ATODAY






Colorado Renewable Energy Socies
C YouTube of selected talks:
ON Hydrogen:

Ramping Up Solar to Power the Worlreg WilSonnrEL:

https://www.youtube.com/watch?v=7CDPHxcng4c
Can Hydrogen Save our Energy System? Mark Ruth, NREL

https://www.youtube.com/watch?4893yI0cwM



https://www.youtube.com/watch?v=7CDPHxcnq4c
https://www.youtube.com/watch?v=4u93y-l0cwM

Solutions: Geoengineering

Geoengineering:
1. Solar Radiation Managemerg&iRM and
2.Carbon Dioxide Remov& DR/ Greenhouse Gas
(GHG) Capture
A Focus on: Biochar vs. Bimergy with Carbon
Capture and Storage (BECCS) solutions
A Direct Air Capture (DAR) also in this category
A Reducing Enteric Methane (BURPED stomach g:
from Ruminants) too
A SEE MY BIOCHAR web page LINK:


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

Extras to investigate outside of class

SEE February 15, 2016 discussion on EEE tab:
http://denverclimatestudygroup.com/?page 1d=683

A National Academy of Science (NAS) Climate Intervention: Preface and

links (Click herg; detailed reports below:

I NATIONAL ACADEMY OF SCIENCES (NAS) @NUNMNEE
INTERVENTIOREFLECTING SUNLIGHT TO COOL 2ZARI)H
ATHTTP://I WWW.NAP.EDU/READ/18988

I ANDCLIMATE INTERVENTIGHNRBON DIOXIDE REMOVAL AND

RELIABLE SEQUESTRATZOM),
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

A No terminology is going to be complete

A Despite NAS efforts Geoengineering as a tern
IS still currently the most common term used



Extras to investigate outside of class

IPCC Assessment report-5 (AR5); Working Group
11 (WGIII: Mitigation

+ WGIII AR5 Presentationr in PDE format

~ wg3 ar5 summanyfor-policymakers approved

+ Videoc the geoengineering dilemma 4.5 7.3 minutes
https://www.futurelearn.com/courses/climate-
changechallengesand-solutions/1/steps/3297

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

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

Three proposals to reduce temperature
r prop recy porgtur Three proposals to reduce CO2

Sunlight

1) Qcean fertilisation 2 JEnhanced weathering (3) Carbon Sequestration

05pace reflector . New surface
on hill side

CO2 T
Co2 il o2 Qil rig
> e
'i'
: él

2 | Atmospheric aerosols

3) Albedo
madification Y

Water
Desert Urban

n
Which is the best way to control climate change
Evaluating gecengineering techniques far and carbon B . h
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Source: Roval society


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

Additional

A SRMc Solar Radiation Management
i/ f2dR . NAIKGSYAYy3d (G2 AYyONBI a
Investigated

A CDR; Carbon Dioxide Removal (carbon negativity)

I Ocean fertilization with Iron to create algal blooms that sink to
the sea floor:
A https://en.wikipedia.org/wiki/Ocean_fertilization
I Enhanced weathering: taking unstable mantle minerals,

particularly Olivine to lock up Carbon
https://en.wikipedia.org/wiki/Enhanced_weathering

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



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

Supercritical CO

A See
https://en.wikipedia.org/wiki/Supercritical
carbon dioxide 10,000

A Miscible with salt water (saline aquifers)
A

it can adopt properties midway between ***
agasand aliquid. More specifically, it
behaves as aupercritical fluicabove its
critical temperature (304.2K, 31.1C0C,
87.98°F) and critical pressure (72a%8m,
7.39MPg 1,071psi), expanding to fill its
container like ajasbut with adensitylike
that of aliquid. 1

100

pressure
P (bar)

supercritical
fluid

critical point

gas

200 250 300 350
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400


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
A Definition:

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

A Biochar tab:
http //denvercllmatestudvqroup com/?page |

Left: usual Troplcal son nght Biochar
soll (hundreds of years old)


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

Carbon Dioxide Removal (CDR

b S

Left: usual Tropical soll; Right: Biochar soll
(hundreds of years oldg continues taking CO2

OUT OF ATMOSPHERE!
A https://en.wikipedia.org/wiki/Biochar

oBiocharis charcoalused as &o0il amendmentLike most charcoal, biochar |
made frombiomassviapyrolysis Biochar is under investigation as an
approach tocarbon sequestratioto producenegative carbon dioxide
emissionst Biochar thus has the potential to help mitigaténate
changevia carbon sequestratiog!s! Independently, biochar can increaseil
fertility ofacidicsoils(low pH soils), increase agricultural productivity, and
provide protection against some foliar and sodrne

diseases¥ Furthermore, biochar reduces pressurefonests® Biochar is a
stable solid, rich igarbon and can endure in soil for thousands of yedfs.



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 @ 9:00minutes where
this link starts

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

Following slides from Cool Planet
Video

Rapid Growth C4 Plants Can Capture 10X CO,

* Trees + Com
‘ 3 = Shrubs ‘ 4 = Switchgrass
= Flowers = Sugarcane

Carbon Capture
10x

Photosynthesis Cycles
Source: Wikipedia

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

Source: Taub, D. Effects of Rising Atmospheric Concentrations of Carbon Dioxide on Plants. Nature {2010)
Source: Wikipedia, C4 carbon faation, WEB, hitox//en. wilipedid.can/wii/C4_olants (2011)

https://youtu.be/JPJsYZLU sM?t=5:



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

Types ofPhotosynthesis: links

A About C3, C4 and Cam Photosynthesis and Plants:
A Photosynthetic

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

lency
A C3 carbon
fixation:_http://en.wikipedia.org/wiki/C3 carbon_fixation

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

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

A 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: Biochar
and Biofuels

Carbon Negative Fuel Cycle

Fuel Crop

Sun / CO, / Water Photosynthesis
o~

}‘L';_ ‘
Yields ‘Féoz

More Crops

More
Fertile Soil

Corn Cobs &
Corn Stalks

A Positive Feedback Loop
for Corn Production

Biofraclionator

Soll Enhancer
Biochar Biochar

Processing 6

Carbon Ne;atlve Fuel
https://youtu.be/JPJsYZLU sM?t=5:



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

Soill Enhancement

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

Upgrode Process Char as soil enhancer to improve land

‘%" Char to Soil Enhancer
+

Soil enhancer carbon remains
/"\ sequestered for hundreds of years

A =~

https://youtu.be/JPJsYZLU sM?t=5:



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

Core Technologies:

Cool Planet’ s 3 Core
Biomass In Technologies
B g

Biomass Fractionator
.. Advanced Catalysts A&B

@ E2h | e g
7 -y
v 2 .11: =  Advanced Catalysts C&D

Char

| Soil Enhancement Process >
7N

©)

Soil Enhancer

Technological Breakthroughs:

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

https://youtu.be/JPJsYZLU sM?t=5:



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

Commercial Plants - 50 million gallons a year
(2,000 plants worldwide — developed world)
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...............

Current Plans to Deploy the Negative Carbon Fuel Cycle

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

As suggested by:
google org
Up to 8X gain in village income by
increasing energy & food production

while bringing the village into
the information society

https://youtu.be/JPJsYZLU sM?t=5:



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

CARBON NEGATIVE
BENEFITS:

CoolPlanet’ s Overall Negative Carbon Plan

- Sequester CO2
- create Biofuels

@ To run all the world’ s cars &
&1

» For Zero Net Carbon Emission
worldwide by 2030

@ For 100 ppm Global CO, Vi S 0

Reduction in 40 years

@ Total Land Area Required

https://youtu.be/JPJsYZLU sM?t=5:



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

Bio-energy with carbon capture and
storage: BECCYS)

Bio-energy with carbon capture and storage

A https://en.wikipedia.org/wiki/Bic
energy with carbon capture and storage



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

Solutions:Geoengineerin@ptions



