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Biochar
What is Biochar?

- carbon-rich solid - a co-product
of pyrolysis of biomass.

- also known as charcoal,
biomass derived black
carbon, Agrichar, C-Qu e s t E

- formed under complete or
partial exclusion of oxygen
at temperatures between 400
and 1000 °C.

- Origins - has been used for centuries
- Cooking, health, water purification, etc

Active research into soil benefits was renewed by Johannes Lehmann at Cornell
University in about 1998 resulting from studies of Terra preta soils of the Amazon.



How Is Biochar Made?

Major Techniques: Wi £ 8
Slow Pyrolysis g
~ traditional (dirty, low char yields) and modern (clean,

high char yields)
Flash Pyrolysis
- modern, high pressure, high char yields
Fast Pyrolysis
- modern, maximizes bio-oil production, I'v\i/r T ds#
Gasification: o
- modern, maximizes bio-gas production, minimizes bio-
oil production, low char yields, highly stab
Hydrothermal Carbonization

~ under development, wet feedstock, high pf:
highest fcharo yield &
probably not as stable as pyrolytic carbon§




Pyrolysis/Gasification

The gasification process
was originally developed
In the 1800s to produce
town gas for lighting and
cooking. Electricity and
natural gas later replaced
town gas for these
applications, but the
gasification process has
been utilized for the
production of synthetic
chemicals and fuels since
the 1920s.

Adler Diplomat 3 with gas generator (1941)

Wood gas generators called Gasogene or
Gazogene, were used to power motor
vehicles in Europe during World War Il fuel
shortages.
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Competing Uses:

Gussing ,2 MW of electricity
and 4 MW of heat, generated

E I e Ctrl C i ty from wood chips, since 2003.
Transportation fuel

Bunker Fuel
Smudge pots

Gasification Other?

High temp

Additional
Gasification

Soill Amendment



http://en.wikipedia.org/wiki/G%C3%BCssing

Feedstocks for Biochar Production

Any source of biomass:

ACrop residues (wheat, corn stover, rice husks)

ANut shells (groundnut, hazelnut, macadamia nut,
walnut, chestnut, coconut, peanut hulls)

AOrchard , vineyard pruning's or replacement

ABagasse from sugar cane production

AOlive or tobacco waste

AForest debris, wood chips, sawdust, bark, etc

AAnimal manure

AGrasses

AOther i sewage sludge, tires, peat, lignite, coal

* Not all organic biomass is suitable for producing biochar

Household, municipal and industrial waste may contain
heavy metals or organic pollutants which could cause
environmental contamination by land application of the
resulting biochar. USDA
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Pyrolysis of Ag Residues:  USDA-ARS
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Pyrolysis of Forest Debris: USDA
Logging
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Structure of Biochar

Pi'ne Wood Char
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Characteristics of biochar

Carbon Surface area
recovery ——

©
o
|

Carbon recovery (% of initial C)
CEC (mmol_ kg™)
Surface area (m* g™

400 600 800 1000

Temperature (C)

AThe properties of biochar greatly depend upon the production
procedure. Temperature effects on C recovery, CEC, pH and surface area.
from Lehmann (2007), Front. Ecol. Environ. 5:381-387.




Soll Applications: Biochar

Richard Haard
Four Corner Nurseries
Bellingham, WA

Potting soil
mixes




What we know: Terra Preta

Terrapretadoindioor the nAblack earth o

A fine dark loamy soil
- up to 9% carbon, (adjacent soil 0.5% C)
- high nutrient content and high fertility
- 3 times the phosphorous and nitrogen

developed over thousands of years by human
habitation correspond to ancient settlements *

A results from long-term mulching of charcoal
production from hearths and bone fragments
with soil application of food wastes and
animal manures

A persistents in soil, recalcitrant, resistant to
decomposition.

A forest fires and slash-and-burn contribute
very low amounts of charcoal-C (~3%)
NSl ash and Char o




Crop Yields: tropical solls

AComparisons of Terra Preta to Adjacent Soils
show crop yield increases of 2 -3 fold.

AYields typically increase w/applications  to 65 T/ha

Alncreases result from improvements in:

- Nutrient availability (N, P, S, etc.) - Storage

- increased CEC

- increased soil pH

- Changes in physical properties
water retention
reduced solil density
Increased porosity/aeration
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Benefits of Soil Organic Matter:

AReservoir of plant nutrients
AMFoodo for soil
ASoil Physical properties

- Reduces soll density

- Essential for aggregate formation
- Improves air/water infiltration

- Improves water storage

Al mproves soil @
AReduces soil erosion



Soll Organic Matter

Stabilized
Organic
Organic matter is 1- 8% ?:I]atter |
" umus _
of total soll mass S3.600,  Decomposing

Organic matter
(active fraction)
33-50%




Soll organic matter iIs composed of

AOrganic matter is the vast array of carbon

compounds in soill.
AOriginally created by plants, microbes, and other

organisms,
APlant materials consist of simple sugars, cellulose
hemicellulose and lignin contain also proteins

and amino sugars

Decay Process solution, fragmentation, decay
and humification.

Humification: Chemical process, condensation
with N compounds and lignin.



Soll Degradation: Farming Carbon

Intensive
tillage, soil
erosion and
insufficient
added
residues
Aggregates
Soil organic matter break cown
decreases Erosion by wind
P and water
Surface ™ ‘M'"'"m,.,_q__ INCIeases
Becomes .‘;”-‘.\.
PPN i
-'l;r.ll,sdf;t!‘j‘(:t; More soil xﬁi‘!-u&-u"""(# Less Soil water .‘5143161333,
" less diversity of soil
organism, fewer
nutrients for plants

organic
matter

15 lost

The downward spiral of soil degradation.

USDA
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Carbon Farming vs. Farming for Carbon?
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From Verle Kaiser Archive, WSU
USDA-SCS, 1942
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From Verle Kaiser Archive, WSU
USDA-SCS, 1942 (238 t/ac)
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Decline in Soil Orgemic Mattier
v Tillage baging

20 years alter
5 lillage began
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Most organic matter losses in soil occurred in the first decade or two after
land was cultivated. Native levels of organic matter may not be possible
under agriculture, farmers can increase the amount of active organic matter
by reducing tillage and increasing organic inputs.




Fast Carbon Cycle

Atmospheric

Carbon Net q
Annual Increase ' GtC/y-Gigatons

of carbon/year

9

Fossil rf-uels,
cement, and
land:use
change

Net terrestrial

-
w Surface ocean
s (1000

uptake :
2 _Icrobial 2 Phytoplankton Resg:gtuon
respiration an hotosvnthesis
Soil carbon decomposition 7 s decomposition
Soil
(2300) Net ocean
uptake
- Deep ocean
Office of Biological and Environmental : (37,000)
Research of the U.S. Department Fossil pool . \
of Energy (10,000) Reactive sediments

(6000)



How can biochar help
mitigate CO, Imbalance?

Create stable C pool using
biochar in soil

Use energy from pyrolysis to
offset fossil C emissions

Avoid emissions of N,O and
CH,

Increase net primary
productivity of sub-optimal land

Boundary conditions for
biochar contribution shown to
right
Maximum levels are not
sustainable

Biochar cannot solve
climate change alone

JE Amonette 07Feb2010




