and Geoengineering options

Week 8: May 15t, 2017

Part A: Geoengineering —an intro
Part B: Ron Larson —on biochar
Part C: personal options



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
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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

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

Sorghum
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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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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 /"\
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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

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

energy with carbon capture and storage



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

