week 7 (May 11%) & week 8

Paul Belanger

Solutions — part A:
The Ultimate Primary Focus: Energy and Sequestration of CO2
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Ehe Washington Post

Democracy Dies in Darkness

Energy and Environment

EPA website removes climate science
site from public view after two decades

K

By Chris Mooney and Juliet Eilperin »

Most Read

1 EPA website removes climate
science site from public view
after two decades

people quit their $200,000
tech jobs

m
8 )
2 The most common reason m
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 https://19january2017snapshot.epa.gov/climatechange .html



http://www.epaarchive.cc/climatechange/
https://19january2017snapshot.epa.gov/climatechange_.html

ﬂ- ‘ B Secure | https://www.nytimes.com/2017/04/28/opinion/

Create a Meetup & AHPS Precipitation & ., WxCoder Ill - observ:

The Opinion Pages = Climate of Complete Certainty

DF-ED COLUMMNIST l‘,_L How Trump Has ]5
Climate of Complete Reshaped the *
Certainty Presidency, and How

B Itz Chansed Him. Too

The Opinion Pages = orEp coLumnisT

Climate of Complete Certainty

9 Bret Stephens  aeriC 23, 2017

https://www.nytimes.com/2017/04/28/opinion/climate-of-complete-certainty.html?em pos=large&emc=edit ty 20170429&nl=opinion-
today&nlid=57511464&ref=headline&te=1



https://www.nytimes.com/2017/04/28/opinion/climate-of-complete-certainty.html?em_pos=large&emc=edit_ty_20170429&nl=opinion-today&nlid=57511464&ref=headline&te=1

* MARCH 23, 2015THE CONSERVATIVE CASE FOR A CARBON TAX

* IN DEFENSE OF CARBON TAXES: MANHATTAN INSTITUTE EDITION

* DIRECTING THE ANGER OVER TRUMP’S CLIMATE EXECUTIVE ORDERS
* AGUIDE TO THE CLIMATE DEBATE

* NUCLEAR’S (4TH GENERATION) COMEBACK TOUR

* DIRECTING THE ANGER OVER TRUMP’S CLIMATE EXECUTIVE ORDERS
* THE OBAMA CLIMATE LEGACY

https://niskanencenter.org/https://niskanencenter.org/



https://niskanencenter.org/https:/niskanencenter.org/

LIES AND DECIDED TO FIGHT FOR SCIENCE: - MUST READ
- STORY OF JERRY TAYLOR BROTHER OF HEARTLAND’S LOBBYIST JAMES TAYLOR

e HTTPS://THEINTERCEPT.COM/2017/04/28/HOW-A-PROFESSIONAL-CLIMATE-CHANGE-DENIER-
DISCOVERED-THE-LIES-AND-DECIDED-TO-FIGHT-FOR-SCIENCE/



https://theintercept.com/2017/04/28/how-a-professional-climate-change-denier-discovered-the-lies-and-decided-to-fight-for-science/

Worrisome first quarter of 2017 climate trends

The year is off to a toasty start globally ... and not in a comforting way for those concerned
about another year of high temperatures, sea ice record lows at both Poles, and mounting
risks to coral reefs.

200000

By Zeke Hausfather
Thursday, April 27, 2017

TOPICS
Oceans, Polar Ice, Science

Recent Posts

« Reversing climate change

« Columnist: "Swamped’ coastal

Louisiana
With the first quarter of 2017 now past. the year is shaping up to be one of climate extremes:

= Georgia istand confronts diue high temperatures, low sea ice. and coral bleaching.

= = e

https://www.valeclimateconnections.org/2017/04/worri
some-first-quarter-of-2017-climate-trends/



https://www.yaleclimateconnections.org/2017/04/worrisome-first-quarter-of-2017-climate-trends/

week 7 (May 11t)
Paul Belanger
Solutions — part A
The Ultimate Primary Focus: Energy and Sequestration of CO2

1. Economics
 of doing nothing (solely adapting) vs. the economics of mitigation
e Actuality: it WILL be a combination
2. 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

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

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

(CDR)

S



The economics/the solutions?

Continued

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
e (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




Climate Change and the American Mind
- November, 2016

* 70% believe global warming is occurring
* 55% understand it is caused by human activity
* Only 5% believe anything can or will be done

http://climatecommunication.yale.edu/

Kathleen Wells, Denver CCL, 2017



http://climatecommunication.yale.edu/

* It’s up to the government
* I'm not long for here anyway .
* [t’s too expensive \'

* I’'m too busy

https://eos.org/articles/climate-scientists-new-
hurdle-overcoming-climate-change-apathy



https://eos.org/articles/climate-scientists-new-hurdle-overcoming-climate-change-apathy

vs. good motives:

* It’s the right thing to do

* | CARE FOR FUTURE
GENERATIONS!

e It’s for our grandkids, or dog:
or cats

Fee
. . \\u
* | believe in promiodng the
best of human values by

example

https://eos.org/articles/climate-scientists-new-
hurdle-overcoming-climate-change-apathy



https://eos.org/articles/climate-scientists-new-hurdle-overcoming-climate-change-apathy

#1 - CHANGE OUR WAY OF THINKING



....We live in Colorado where you can find fossils of fish,
reptiles, mastadons (sic) and dinosaurs in our mountains that
used to be under a friggin (sic) ocean.

....You're just now figuring out that things change on this
planet? They always have, they always will, and it's the
height of arrogance to think you can do anything about It.

http://www.denverpost.com/2017/05/05/keegan-hed-goes-here-2/ Excerpt
from Ctaj — Mtg broker comments in reply to DP 5/7/201 Teresa Keegan Op-
Ed There’s no such thing as settled science, and that’s a fact



http://www.denverpost.com/2017/05/05/keegan-hed-goes-here-2/

....and it's the height of arrogance to think you can do
anything about it.

Well — after this week and next | hope you become convinced
that YES WE CAN!

http://www.denverpost.com/2017/05/05/keegan-hed-goes-here-2/ Excerpt
from Ctaj — Mtg broker comments in reply to DP 5/7/201 Teresa Keegan Op-
Ed There’s no such thing as settled science, and that’s a fact



http://www.denverpost.com/2017/05/05/keegan-hed-goes-here-2/

https://www.youtube.com/watch?v=CtSk03efSq

Q&feature=youtu.be



https://www.youtube.com/watch?v=CtSk03efSqQ&feature=youtu.be

“The decisions we make today will have an impact not only on this 21%t
century but on the 22" and 23 centuries and beyond”



 climate change is happening at an unprecedented rate

* There are unknown implications of ocean acidification at these rates of
change

* There are economic repercussions
* due to sea level rise

* increased incidents of severe weather
e Agricultural
* Etc.



Fossil Fuels

e We owe a lot to
fossil fuels

* [t's only recently
we’ve fully
appreciated it’s
consequences

* It’s time for change!

Some of the stored solar energy in biomass
can be preserved in fossilized remains

From Where has all the carbon gone: Scott.Denning@ColoState.edu



mailto:Scott.Denning@ColoState.edu

A reading: R ard Alley’s a Terrible shower — trat

without ifficulty — but also with opportunity

* http://denverclimatestudygroup.com/wp-
content/uploads/2015/10/A-terrible-shower.pdf

* For more on solutions in Energy and jobs go to my other course —
especially weeks 5 and 6; week 8 not posted yet @
http://denverclimatestudygroup.com/?page id=2224 Monday classes
Spring 2017



http://denverclimatestudygroup.com/wp-content/uploads/2015/10/A-terrible-shower.pdf
http://denverclimatestudygroup.com/?page_id=2224
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But new careers to be had
PLUMBERS!

http://www.scotsman.com/heritage/people-places/gardyloo-the-grim-story-of-
unsanitary-edinburgh-1-4073295



http://www.scotsman.com/heritage/people-places/gardyloo-the-grim-story-of-unsanitary-edinburgh-1-4073295

And to review the data




Global Temperature Change From 20,000 B.C. to 2012 A.D.
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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



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

RESPoNAINg to a Vwarming Climate

1990 Vs, 201
USDA Plant Hardiness Zone Maps
- 2015

©

15 by the Arbor Day Foundation®

s |

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

il 1S IEUJJJ]M(' DaACK: From 2000 - 2008, the end of the growing season was delayed

2.3 days. In the U.S., 1all now occurs ten days later than |

<G

AUTUMN FALLING BACK

NDVI DATA FROM 1982 1O 2008

CLIMATE

Difference in Last Day of Season
-20 0 20



U.S. Temperature Change, 1900 - 2011

U.S. Average
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the last time inferred temperatures
will have been this high — once
equilibrium is reached, will have been

3-5 million years ago or more 41K ! —100K * -
éézzw TR T ik
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5.0Ma 4.0Ma 3.0Ma 2.0Ma 1.0Ma 0

When CO, levels get below ~400-600 ppm Orbital parameters
become more important than CO,
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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



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



V4

Economic related reports:

2015 The Social Cost of Carbon study summary
2007.03.18 Discount Rate and Climate Change DLC
Stern Report: sternreview report complete

Nordhaus briefly describes the “free rider” problem and his proffered solution as a lead-in to his
recent review of the book, Climate Shock. Here's the link to the NY Review of Books
website: http://www.nybooks.com/articles/archives/2015/jun/04/new-solution-climate-club/

In a different format, Nordhaus produced a 30-slide PowerPoint version for his Presidential
address to the AEA last January. Available at http://carbon-price.com/wp-content/uploads/2015-
01-04-Nordhaus-ClimateClubAEA-v2-slides.pdf

2015-01-04-Nordhaus-ClimateClubAEA-v2-slides

MIT: GOOGLE LIST OF
LINKS: https//scholareoogle. s
IPCC AR5 WG2: http://www.ipcc.ch/report/ar5/wg2/#.UuAsbxDn9hE



http://denverclimatestudygroup.com/wp-content/uploads/2015/10/2015-The-Social-Cost-of-Carbon-study-summary.pdf
http://denverclimatestudygroup.com/wp-content/uploads/2015/10/2007.03.18-Discount-Rate-and-Climate-Change-DLC.pdf
http://denverclimatestudygroup.com/wp-content/uploads/2015/10/sternreview_report_complete.pdf
http://www.nybooks.com/articles/archives/2015/jun/04/new-solution-climate-club/
http://carbon-price.com/wp-content/uploads/2015-01-04-Nordhaus-ClimateClubAEA-v2-slides.pdf
http://denverclimatestudygroup.com/wp-content/uploads/2015/10/2015-01-04-Nordhaus-ClimateClubAEA-v2-slides.pdf
https://scholar.google.com/scholar?q=mit+report+on+climate+change+economics&hl=en&as_sdt=0&as_vis=1&oi=scholart&sa=X&ved=0CBsQgQMwAGoVChMIkMfkl8i9yAIVSuJjCh1x7wKk
http://www.ipcc.ch/report/ar5/wg2/#.UuAsbxDn9hE

= NOTANAUS — PIrori

something NOW

 |[IPCC acknowledges adaptation will be a must (the change is in the
bank and accumulating interest)

* Bjorn Lomborg — Danish economist (not a denier) argues for spending
later —i.e. no discount rate
e https://en.wikipedia.org/wiki/Bj%C3%B8rn Lomborg
e http://www.desmogblog.com/bjorn-lomborg

* Which leads to whether or not we need a paradigm shift (#3)


https://en.wikipedia.org/wiki/Bj%C3%B8rn_Lomborg
http://www.desmogblog.com/bjorn-lomborg

2. Capitalism, GDP/growth based economics vs. “Herman Daly” economics (no-
growth/steady-state)



@ Figure 1.1.pdf - Adobe Reader
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Figure 1.1. Income inequality in the United States, 1910-2010
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Courtesy of Gary Wyngarden: Capitalism vs. the Planet



[SDUH:E Census Bureau Real (Inflation-Adjusted) Mean Household Income dshort.com

Data from 1967-2013
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CEOs have fared far better than the average worker for the last several decades
(EO-to-worker compensation ratio, 1965-2012

400 CEO-to-worker compensation ratio
350
300
250
200

150

Or T T T T T T T
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Source: Authors’ analysi of data from (

ECONOMIC POLICY INSTITUTE

Courtesy of Gary Wyngarden: Capitalism vs. the Planet



* Human activities consume resources and produce waste

* Ecological Footprint Accounting addresses whether the planet is large
enough to keep up with the demands of humanity.

* Biocapacity represents the planet’s biologically productive land areas
including our forests, pastures, cropland and fisheries

* Biocapacity can then be compared with humanity’s demand on
nature: our Ecological Footprint. The Ecological Footprint represents
the productive area required to provide the renewable resources
humanity is using and to absorb its waste.



http://www.footprintnetwork.org/en/index.php/GFN/page/glossary/
http://www.footprintnetwork.org/en/index.php/GFN/page/glossary/#Ecologicalfootprint

ur current global situation: Since the s, humanity has been in
ecological overshoot with annual demand on resources exceeding
what Earth can regenerate each year.

* It now takes the Earth one year and six months to regenerate what
we use in a year.

* We maintain this overshoot by liquidating the Earth’s resources.
Overshoot is a vastly underestimated threat to human well-being and
the health of the planet, and one that is not adequately addressed.



http://www.footprintnetwork.org/en/index.php/GFN/page/glossary/#overshoot
http://www.footprintnetwork.org/en/index.php/GFN/page/fighting_poverty_our_human_development_initiative/

American/Western European standards will require 5 planets.



 Largely ignoring the ecological impacts and biocapacity of the planet



* De-growth is unstable



Democracy to do something/pass something where
the pay-back is 10 or more years out”

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



* https://en.wikipedia.org/wiki/Herman Daly

* http://steadystate.org/herman-daly/
» http://steadystate.org/category/herman-daly/

he problem: how to effect that change


https://en.wikipedia.org/wiki/Herman_Daly
http://steadystate.org/herman-daly/
http://steadystate.org/category/herman-daly/

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



* Kerry Emanuel quote on p. 76: “...costs may be high and those paying
them are not likely to be serious beneficiaries of their own actions. Indeed,

there are few, if any, historical examples of civilizations consciously
making sacrifices on behalf of descendents (sic) two or more generations

removed.”

* That’s what the discount rate is about. In that regard we need a social
paradigm shift

* If we are so concerned about leaving a national debt to our children and .
grandchildren, shouldn’t we put the costs of climate change as part of that equation?

* For those that don’t accept climate change maybe it would be a good thing to limit
CO2 into the atmosphere anyway, especially at the rates we are putting it into the
atmosphere — BECAUSE OF OCEAN ACIDIFICATION issues and the law of unintended

consequences!



4. There is promise, but at what cost? (One might be surprised).
* Energy
* Mitigation — Agricultural revolution/biofuels: Biochar for Carbon Dioxide Removal
(CDR)



e Concentrated solar power (CSP)
* Wind

e Geothermal

 Ground source
e Deep thermal

Hawaii becomes First State to Mandate 100% Renewable Energy.

See NREL slides for more details: http://denverclimatestudygroup.com/wp-
content/uploads/2015/04/0SHER-10.14.15.pdf



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

* The myth of Baseload
https://www.youtube.com/watch?v=deWtgpheDJM&feature=youtu.b

e ; see other related videos at http://energyshouldbe.org/

* Wind power:
7/7/2015 — A: Colorado Matters: Could Conservative Denver
Billionaire (Phil Anschutz) Become West’s Climate Hero?
It’s an argument of engaging energy companies vs. “dissing” them for

renewables. See more at: http://www.cpr.org/news/story/could-conservative-
denver-billionaire-become-wests-climate-hero#.dpuf

* excerpt: “This will generate four times the amount of power that comes out
of Hoover Dam. It would supply every household in Los Angeles and San
Francisco combined with green power.”



https://www.youtube.com/watch?v=deWtgpheDJM&feature=youtu.be
http://energyshouldbe.org/
http://www.cpr.org/news/story/could-conservative-denver-billionaire-become-wests-climate-hero#.dpuf




 Fusion: clean / difficult to achieve
* Need national policy change on reprocessing

» See Kerry video at 56 minutes for discussion and conclusions thereafter:
https://www.youtube.com/watch?v=7s08GRCWA1k

Can be deployed on 15-25 year time
scale



https://www.youtube.com/watch?v=7so8GRCWA1k

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 (deuterion-tritium) do have radiation damage and waste
* Etc.



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




Capital Cost (2004$/Watt)
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e 2Methods

2.10utline

2.2Mechanical storage
2.3Thermal storage
2.4Electrochemical

2.50ther chemical

2.6Electrical methods
2.7Interseasonal thermal storage



https://en.wikipedia.org/wiki/Energy_storage
https://en.wikipedia.org/wiki/Energy_storage#Methods
https://en.wikipedia.org/wiki/Energy_storage#Outline
https://en.wikipedia.org/wiki/Energy_storage#Mechanical_storage
https://en.wikipedia.org/wiki/Energy_storage#Thermal_storage
https://en.wikipedia.org/wiki/Energy_storage#Electrochemical
https://en.wikipedia.org/wiki/Energy_storage#Other_chemical
https://en.wikipedia.org/wiki/Energy_storage#Electrical_methods
https://en.wikipedia.org/wiki/Energy_storage#Interseasonal_thermal_storage

* SOLUTION — EITHER

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

e Grid



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

2 OISTSS Vehicle
Fuel

TODAY’S ENERGY SYSTEM

¢ Renewable energy—particularly wind
and solar—offer great promise but have
challenges associated with variable and
concurrent generation

Generator

Fuel Cell,
Combustion

Synthetic
Fuels

NOITVIG0aSN"

Hydrogen « Options to achieve deep
. decarbonization while meeting society’s
Storage/ Upgradlng multi-sector energy demands are
Distribution ; - : =t : :
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

B3 N L ENERGY SYSTEMS The ESIF helps NREL contribute to the U.S. Department of Energy’s and our nation’s energy goals by « Can decrease 45% of all U.S. carbon
N‘ﬂzgmmmwmmomw INTEGRATION FACILITY providing the R&D cap: es 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.



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

* Energy Should Be web Padge. 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

 http://www.wbur.org/bostonomix/2017/04/19/microgrid-joint-base-

cape-cod



http://www.wbur.org/bostonomix/2017/04/19/microgrid-joint-base-cape-cod
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https://en.wikipedia.org/wiki/Super_grid

Click on next slide for simulation

Eastern Renewable Generation Integration Study (ITx30)
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e See week 7, 2014
http://denverclimatestudygroup.com/?page id=776

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



http://denverclimatestudygroup.com/?page_id=776
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




