Biochar: a carbon negative
technology and nature
based solution
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The Greenhouse Effect

Some solar radiation
is reflected by the Some of the infrared radiation
4 Earth and the passes through the atmosphere.
‘ | atmosphere. Some is absorbed and re-emitted
in all directions by greenhouse
‘ gas molecules.The effect of this
is to warm the Earth’s surface
) _and the lower atmosphere.

Most radiation is absorbed
by the Earth’s surface & > Atmosphere

g Infrared radiation
and warms it.

~ Earth’s surface is emitted by the

o Earth’s surface.




Biochar is carbon negative

To the Editor: The editorial “Half-hearted
engineering” and the commentary
“Ranking geo-engineering schemes”

in Nature Geoscience'” discuss various
schemes for addressing the issue of climate
change. We would like to draw attention
to the production and burial of biochar

as an additional scheme that allows the
sequestration of carbon in the soil at the
same time as providing fertilizer.

Carbon sequestration through biochar
involves pyrolysis or gasification of
organic material in low-oxygen conditions
from plant waste’. The resulting char
can be mixed with existing soil, acting
as a fertilizer® and sequestering carbon
with a mean residence time of about
2,000 years’. Biochar production and burial

removes carbon dioxide directly from the
atmosphere through uptake by plants,
allowing, in principle, an actual reduction of
atmospheric carbon dioxide levels.

By contrast, conventional carbon
capture and storage reduces the carbon
dioxide concentrations from exhaust fumes,
therefore at best preventing atmospheric
carbon dioxide levels from rising further. In
addition, it will take at least another decade
or so before power plants with carbon
capture and storage can be implemented on
a large scale. Making biochar is a low-tech
process that could be started right now,
given the political will.

Based on European emissions of about
1.1 gigatonnes of carbon per year, we
estimate that biochar could offset around

9% of Europe’s emissions. We suggest that
biochar should be added to the climate
change toolkit of renewables, energy saving,
and carbon capture and storage. 0
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e What is biochar

e 50 uses of biochar

e Biochar as soil amendment
* Potential for better water
% retention and nutrient retention.
// Environmental impact?
4 * What biochar for what plant?

* acidic biochar and urban farming
* Green roofs, green walls?

* Beyond agriculture
* Functionalized biochars
* CO2 absorption
* Heavy metal absorption

Biochar and
Sustainability




Amazonian dark earth - terra preta

w - ~
F PSR S AT A
'y " - [

erra Preta

Left a nutrient-poor oxisol; right an oxisol transformed

into fertile terra prela - photo courtesy of Bruno Glaser



Biochar

Biochar is loosely defined as
a powder like carbon
material thermally produced
with very low oxygen
content, aka, pyrolysis.
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CHEMICAL SOIL ORGANIC SOIL RAISING ORGANIC
MATTER 1% WILL

RETAIN AN EXTRA
20,000 GALS OF WATER
PER ACRE



Biochar to Improve Resource Base
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* Water retention,
N, P (nutrient) retention
* Host microbes

- plant specific,
biochar specific
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1UE STRHHU{I IN SOILS

The quantity
of carbon contained
in the atmosphere
increases by
4.3 billion tons
every year

AND THE CLIMATE

The world’s soils
cantain
1 500 billion tons
of carbon in the form
of organic material

If we increase by 4% (0.4%) a year
the quantity of carbon contained
in soils, we can halt the annual
increase in CO2 in the atmosphere,
which is a major contributor
to the greenhouse effect
and climate change

l l +4%60 carbon storage

in the world’s soils

HOW CAN SOILS STORE MORE CARBON?

Stéphane Le Foll, French

Plca:notsddraw
inCO, uring T a—
photosynthesis =
and form
carbohydrates.

Carbon returns
to the air via
respiration and
decomposition.

2

Roots leal:
some of
these sugar's.

soil

I‘l‘llCI‘O S.

These leaked carbon-rich sugars combine with decomposed
stems, roots, and leaves to form humus, which contains a stable
form of organic carbon that can stay underground for centuries.

By comparison,
the United States i
emits about thf.’: :2?,:%;23 ral
4.8 igatons of ractices, US

armers could
capture up to an
additional quarter
of a gigaton of
carbon dioxide
each year.

Scientists say we could
stash as much as an
extra 8.6 gigatons of
carbon dioxide annually
in the world’s soils.




The carbon cycle
Where does CO, come from and where does it go?

Carbon Cycle

COz &

https://classroomclipart.com/clipart-view/Clipart/Science/carbon-cycle-clipart jpg.htm




The carbon cycle with and without biochar

Without With
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How is biochar made?

*. Guasos

Retort Diagram




Feedstocks

Agricultural waste, sewage sludge, paper sludge,
cow manure, poultry manure, poultry litter, leaves
sugarcane, rice, bark, pecan shells, corn hulls,
peanut hulls, hardwoods, switch grass, pig manure,
wood waste, straw, maize stover, stripped cobs, oil
seed husks, jatropha, prosopsis, albizzia, babassu

— biomass residuals and other wastes. Low cost;
waste diversion; reduce carbon foot print



Pathway of SCG upcycle

Process A: produces biodiesel from SCG lipids with low cost

A

H,S0, MeOH
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SCGs —» Impregnation Drying 8 s '\IQOH,
conversion recovery
Biochar
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Process B: A thermal process to
produce biochar and/or AC

MeOH




Biochar functionalization

* Alkaline biochar

* Acidic biochar

* Biochar with other functions

* New products, unique applications



SCG biodiesel

A patent pending process without solvent extraction,
simpler one step reaction, easier to recycle solvents -2
lower cost and more environmentally friendly

* Increased biochar yield, reduced tar formation

* Produced an acidic biochar, more suitable for urban farms,
especially hlgher valued aC|d Iovmg frwts and vegetables

Full Length Article i
Direct transesterification of spent coffee grounds for blddlesel OC” e
production

Yang Liu® ngshi Tu®, Gerhard Knothe ®, Mingming Lu ®*

i dnral Engi University of Cincinnati, United States
of Agriculture-Agriculural Research Service (USDA-ARS), Peoria, IL 61604, Unised States

4 Dep of dit Chemical &
b Bio-oils h Unit. U.S. Dep

H1'G H L1 GH|TS,

.-A”on“e‘ step process to directly making biodi 1 from SCGs without solvent extraction.
- 17.08 wt.% of coffee biodiesel yield, oil-to-biodiesel conversion rate of 98.61 wt.%.
'« The optimal reaction condition: 12 h; 70 “C with 20 wt % H;S04 impregnated catalyst.




Research and commercial opportunities

e Biochar as soil amendment
* What biochar for what plant?

e acidic biochar and urban
farming

* Green roofs, green walls?

* Beyond agriculture
* Functionalized biochars
CO2 absorption
Pollutant fixing in soils
Heavy metal absorption
Methane reduction from cows
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pH of biochar

e Raw biochar: (SCGO) pH 6-9 like other biochars.
e Our biochar is treated to be acidic.

300 350 400 450 500

54 4.28 4.07 6.55 7.05

3.15 3.85 7.04 6.98 7.08



%T

99,51

99.04

98.57

98.04

97 .54

97.0q

96.54

3748 50cm-1

3851.25cm-1

2920.57cm-
285192

236278

2318.70

170130 1595.02cm-1

754 51¢m-1 541 51c-1
d58.25cm-1 506|33cm-1
723.0flem-1 526.22em-1
601.58cm-1
718 .73em-1

1153 3cm-1

96.2
4000

3500

3000

2500 2000 1500
cm-1

1000 500

%T

103.5
103.4

103.2
103.04
102.8
102.6
102 4+
102.2
102.0q
101.84
101.6
101.4q
101.2
101.04
100.84

pG71.89Mn-1
3527.47cm-1

3743.84cm-1

3851.91cm-1

3647.15cm-1

2028.68cm-1

2357.92cm-1 2157.51em-1 1657 .42c

1557 p3cm-1

505/81cm-1

526.05em-1

g19.11cm-1

719.30cm{1
f68.18cm-1

728.06om-1

100.6:
4000

3500

3000

2500 2000 1500
cm-1

1000 500




SCG biochar applications

* Growth test
* Metal removal from aqueous phase
* Phosphorous absorption



Tomato seeds and Chinese Onion tests
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100% NATURAL AND NON-TRE ATED
For growing instructions please visit us at
Www.buzzyseeds.com
100% NATURAL Y NO TRATADO

Para el cultivo de las instrucciones por favor
visitenos en www.buzzyseeds.com

BUZZYSEEDS

Guaranteed to Grow e Garantizada para crecer




Two weeks of drought test

* The biochar pots clearly doing better, non-biochar tomato did not
produce sprouts, 7/12




Results observed 2

7/27

ing into the garden,

Before mov




Results and analysis

* Biochar onion survived in the garden (2 on the left), the non-biochar one
(right) did not. —

« Biochar may be very helpful

in water retention. Offer

better buffer conditions for

changing conditions.

» Glass jar is NOT the best for growth,
did not drain well.

* The clay soil in the garden

can be a challenge

* Need to charge the biochar first

* Alot | need to learn




Biochar resources

* Many research articles
[ J IB II USBI https://biochar-international.org/biochar-in-developing-countries/ P R W S S

rInitiative ~ ABOUT IBI ABOUT BIOCHAR RESOURCES CERTIFICATION/TRAINING NEWS JOIN LOG IN )

International Blocha

BIOCHAR IN DEVELOPING COUNTRIES

Biochar in Emerging and Developing Countries

FAQs

The development of biochar systems around the world can be at vastly different scales and uses depending on the feedstock, expected
use for the biochar, production technology, local economics, setting. Much of the developing economy country-specific biochar work that
Project Profiles IBI is tracking are at the micro scale (biochar cookstoves) to village level systems (smaller scale). There are some larger scale units which
can utilize agricultural waste and produce a good soil amendment.

How to Make Biochar v

Soil Health



African relevance




Journal of Biology. Agriculture and Healthcare WWW.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online)  DOI: 10.7176/JBAH e

Vol.9. No.15, 2019 “STE

Review on the Extent of Acid Soil in Ethiopia, Its Impact and
Management Methods

Wegene Negese
Oromia Agricultural Research Institute, Haro Sabu Agricultural Research Center, P.O. Box 10, Haro sabu,
Oromia, Ethiopia

Abstract

Soil degradation 1s a global threat. Developmg countries are more severely affected by soil degradation than
developed countries. Ethiopia, one of the developing countries in eastern Africa, 1s highly threatened by soil
degradation problems. Soil acidity 1s one of the main factors that limit and prevent profitable and sustained
agricultural productivity in many parts of the world . The objective of this paper 1s to review the extent of acid
soil distributions in Ethiopia, its impact on crop production and management practices. About 40.9% of the total
arable land of Ethiopia is affected by soil acidity, from these 27.7% moderately to weak acids with pH 5.8-6.7
and 13.2% covered by strong to moderate acidic soils with pH less than 5.5. According to Ethio SIS. (2014)
about 43% of the Ethiopian arable land 1s affected by soil acidity of these about 28.1% of soils in Ethiopia are
dominated by strong acid soils (pH 4.1-5.5). Most of investigators confirmed that the two fundamental factors
that limit the fertility of acid soils are: nutrient deficiencies, e.g. phosphorus (P), calcium (Ca) and magnesium
(Mg) and the presence of phytotoxicity substances, e.g. soluble aluminium (Al) and manganese (Mn). To
overcome these problems. different acid soil management has been implemented in the country. Thus many

L1 1 P a 1 R | 1 1 1 1



https://warmheartworldwide.org/biochar-africa/

https://warmheartworldwide.org/biochar-africa/ AW Co

/(‘? Strong Communities Make a Better World

WARMMHEART  with your help, we empower rural communities
WORLDWIDE to live their best lives

Home ~ Biochar + Environment + AboutUs +~ News ~ ContactUs Ing Donate ~

Biochar Sweeps East Africa p——

One small farmer at a time




One example: Corn grown with and without biochar
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Crop only Crop +biochar Crop + fertilizer Crop+fertilizer+Biochar



Application in Botswana

A large parts of Botswana’s soil 1s
sandy, which are low in nutrients and
organic matter, and have poor water
holding capacity and thus not so
fertile for plants.

Acid mine drainage

* Pollutant remediation, e.g. heavy
metals




Bloomberg Philanthropies Allocates $2.8M
For Biochar Project To Reduce Emissions

g by Petya Trendafilova - August 15, 2022 - (@ 2 minute read




Bloomberg Philanthropies — the organization aiming to create lasting change, announced on
June 28th that it has chosen seven cities from the US and Europe to receive support to develop
city-wide biochar project and engage residents in the fight against climate change.

The cities will each receive up to $400,000 in funding, along with implementation and technical
support from Bloomberg Philanthropies. The cities are as follows: Lincoln in Nebraska;
Minneapolis, Minnesota; Darmstadt, Germany; Helsingborg, Sweden; Sandnes, Norway; Helsinki,
Finland; Cincinnati, Ohio.

Bloomberg Philanthropies Allocates $2.8M For Biochar Project To Reduce Emissions (carbonherald.com)
https://carbonherald.com/bloomberg-philanthropies-allocates-2-8m-on-biochar-project-to-reduce-emissions/




Stockholm Biochar Project

HOW THE
PROJECT WORKS
IN STOCKHOLM

The process sequesters carbon
from the atmosphere (equivalent to
the emissions from 3500 cars) and
will deliver a return on the city’s

approximately $11m investment
within eight years. A
5 ;
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COLLECTED STORED CONVYERTED
NO ADDITIONAL FINANCIAL NO ADDITIONAL FINANCIAL HIGH ADDITIONAL FINANCIAL COST
OR CARBON COST OR CARBON COST The project requires an upfront capital
Both citizens and the city already These waste management ""'“"“l:e"‘- ?“"p‘:r‘“’:‘: “"'n::‘*"":e
deliver park and garden waste at a centers already have plant g e ot
network of waste management waste storage facilities. thippid befirw R coriva needfn the pleck.

centers across Stockholm.
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DISTRIBUTED

NO ADDITIONAL FINANCIAL
OR CARBON COST
Citizens and city gardeners pick
up biochar from waste management
centers when they are dropping off
their plant waste.

NEW REVENUE
Biochar is sold to the open market
and to the the city's traffic adminstration
team (the department that manages the
city’s trees). It will be gifted to citizens.

NEW REVENUVE
As well a3 turning plant waste into biochar, the
carboniration process produces heat which is
10ld into the grid in order to hest local homes.

7o

APPLIED TO SOIL

NO ADDITIONAL FINANCIAL
OR CARBON COST

City gardeners and citizens apply

biochar to their parks and gardens in
the course of their regular activity.

NEW CARBON SAVING
When planted with trees or
plants biochar increases growth
while sequestering carbon
dioxide from the ati ,L e.




Integrating nature into cities can provide citizens with urban
Nature- Based cooling, cleaner air, regulated water supplies, food security, flood
protection, and a greater sense of emotional, mental, and

Solutions in Urban spiritual well-being.

“\NC
a rpf'— Ecosystem regulation {decrease in air pollution, w = Physical and mental health (Increase in no. of _'\
reduction in temperature and CO, emissions, people engaged in sports, decrease in
t of carbon stored and carbon emission, respiratory disease and obesity, decline of
% reduction in flood risk) premature death during heat waves)
* Biodiversity {increase in species * Access (no. and share of people
numbers, functional richness with access to a green or blue
and vegetation cover) space vs, no. of residents
affected by displacemeant;
Health and no. of people Esing green
well-being space)
= Impact on quality of life

* Regeneration derelict areas lntegrated
& brownfield sites (area %) ST [ o] 133 =) &

= Ecasystem disservices perfurmance
{increased no. of

mosquitos; plants happiness &
“_emitting allergic pollen) | n d icat{}rs Df N hs employment j

effectiveness N\

* Integrated governance
{no. of stakeholders
invalved in planning and T
implementaﬂiun fmgm Transferabillty
different disciplines/sectors =18 14| monitoring

* Long-term viability of activity/
projects & monitoring (duration)

» City budget (% of budget

* Involvement in green

Citizen’s implementation
projects (% of citizens

involvement involved)

* Ownership and responsibility
(% or no. of people owning or
maintaining green spaces)
allocated to green space planning, * Sharing and adopting NbS in community
implementation & maintenance) {use of New Media such as Facebook -

= Transfer of actions (no. of actions/projects/results No. of “Likes")
transferred into practice or teaching)

.
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