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Factsheets available online!
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FAQ Document Available

* Designed to answer common
questions about biochar,
biochar application, and
biochar soil interactions.

htt;

s:/ /www.pnwbiochar.org/t

ools/tools 336/



https://www.pnwbiochar.org/tools/tools_336/
https://www.pnwbiochar.org/tools/tools_336/

Biochar: a C-rich material made through pyrolysis

* Conversion of organic waste to a high value product

* Pyrolysis - the thermochemical decomposition of
biomass at high temperatures in a no/very low
oxygen environment

Gas (syngas)

Solid (biochar) * Charcoal like material produced
from organic waste materials

* ~50-90% carbon (C-rich material!)

* Highly porous — like a spongel

Feedstock : :
Liquid (oils, tars) * Long-lasting soil amendment
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Pyrolysis makes the structure more complex!

(8] 0]
N N
HO on HO OH Brewer, 2012

As pyrolysis temperature increases:
* Biochar yield decreases

e Fixed carbon content, surface area, and ash content increase



Numerous benefits of biochar for
agriculture and beyond

- Long lasting agronomic, environmental, and social benefits
« Crop — growth/yields
e Soil — fertility/health
« Water — quality/ WUE
« Nutrients — retention/NUE
« Microbial activity

« Bioremediation

« Waste management

« Human health

- Climate mitigation & adaptation




Biochar has long been used to improve soils

500-8000 years ago

Central Amazon

Anthropogenic

dark earths
(Glaser, 2007)

Photo: Glaser et al., 2001

Terra Preta do Indio
(Oxisol + biochar)

Oxisol
(tropical soil)

Similar soils found in
Liberia, Germany,
Australia, US
Midwest.

Likely resulting from

repeated applications

of small amounts of
charred organic
waste materials



Biochar: another tool for farmers

* A powerful tool for regenerative agriculture, but not a silver bullet!
* Another tool in the soil health toolbox for farmers

* Regenerative agriculture relies on the integration of numerous practices, not a
single management practice

* Utilize the 4Rs (Right — source, rate, place, time)



Biochar i1s stable 1n soil

Degrades on centennial time scales
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But stability varies, feedstock and production
condition dependent

Wang et al. 2016. GCB Bioenergy Lehmann et al. 2021. Nature Geoscience



Biochar production can occur at many scales:
low-tech — industrial

Integrated Bioenergy-Biochar System Small kiln

Container
Reactors

Photo: The Biochar Revolution

Small kiln +

cooking stove

Photo: Iowa State University Photo: US Forest Service

On-farm

Photo: Bernardo Del Campo

Photo: Suzanne Hunt 11
Photo: Debbie Aller



Biochar is diverse

* Biochar properties are a product of the original feedstock and production conditions

Same feedstock Different feedstocks

Ditferent production conditions Ditferent production conditions

Switchgrass Feedstock

Slow Ryrelysis Char Gasification Char

Photo Robert Brown — lowa State University Photo courtesy UC Davis Biochar Database



Biochar’s different forms and uses
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Biochars are not created equal, but this
can be to our advantage in agriculture!

Be sure your Biochar(s) are certified or
supplier proof of lab analysis that meets
IBI Biochar Standards Version 2.1 (Link)

Raw Biochar Pelletized Biochar Granular Biochar Blended Biochar Liquid Biochar



https://biochar-international.org/ibi-biochar-standards/

Biochar in the Northeast

Biosolids




Biochar Lab Report




Interpreting a Biochar Lab Report
Factsheet available




Availability and Cost

* Widely available at farm scale

* Cost remains high but continues to decrease as markets continue to grow
e $0-$2,000/ton
e National average ~$500/ton

o Majority of the cost is transportation — source local if possible

* Many large produces offset biochar costs with C credits and only charge freight

|:> |:> Photo: Oregon

Biochar Solutions
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Northeast Suppliers

* Various suppliers across the northeast
e | maintain a list

* Ditferent scales of production and feedstocks
* Larger scale suppliers (1,000-100,000 tons of biomass per year processed)

* Blended horticulture products or smaller scale suppliers (100-1,000 tons of biomass
per year processed)

* American Farmland Trust map
* https://farmlandinfo.org/tools/u-s-biochar-suppliers-map/
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Biochar certifications and standards exist,
recently created in the US

* Biochar Certification Program administered by the IBI since 2013 (VoluntarY)‘=..,.-_-..;\;.~_\_-

* Allows biochar manufacturers to verify that the biochar they produce meets
minimum standards (physiochemical properties and safety tests) to confirm it
is safe for use as a soil amendment

* Considers biochar diversity, to provide certainty to consumers & markets
(quality assurance)

* First standards for the US biochar industry released in fall 2025
e ANSI/ASABE/USBI S668: Methods for Measurement and Testing of Biochar

* Two more standards in process U S
https:/ /biochat-international.org/ certification-program/

https:/ /www.biochat-international.org/wp-content/uploads/2018/04/IBI_Biochar_Standards_V2.1_Final.pdf 19



Biochar diversity leads to different impacts

* Impacts are soil x crop x biochar x environment x management dependent
* Properties and impacts change over time (fresh vs. ‘aged’) goseph et al, 2021)

e Can produce designer biochars for specific end uses movak et al, 2009)
g

These factors
interact to
produce results.




Across thousands of studies biochar positively
impacts numerous agronomic parameters

Systematic review of 26

meta-analyses published
between 2016-2020

Schmidt et al., 2021
https://doi.org/10.1111/gcbb.12889



Global crop yields increase with biochar
application: 11-28% above average

-50 —25 0 25 50 75 100
Change in yield compared with "fertilized control" (%)




Biochar improves soil health and can be part of

A Soil moisture \
e Plant available water Nutrient leaching
o Water use efficiency N volatilization
= Microbial activity GHG emissions
Hydraulic conductivity Soil bulk density
pH Compaction
CEC/AEC Leaching of pollutants
Soil organic carbon
Solil aggregation
Soil porosity
Nutrient uptake
Soil microbial biomass C and N

SOM and its stability

é}seawaq

. u I I I - (Wang et al., 2016; Blanco-canqui et al., 2019; Joseph et al., 2021)
e Contributes to negative priming over the long-term

* 33% of the global soils have been degraded, but soil degradation can be reversed by

increasing SOC stocks, and the most effective way to accumulate SOC is to increase C inputs
(FAO, 2019; Lal et al., 2018; Fujisaki et al., 2018)



What is your resource concern?
biochar is not one size fits all

Nutrient use efficiency Organic Matter

Water retention

Microbial Activity
Structure
. Infiltration
Compaction Aeration
Fertility

Disease C sequestration



Utilize the 4Rs

Right Source

\ Right Rate

Right Time

Right Place
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Photo: Doug Beck



Right Source: local, available, sustainable

Photo: Isabel Lima

Photo: David Laird



Right Place: where do I apply biochar?

Excample: Central 1 alley, California
pH SOM CEC Response

* Lower quality soils (ow pH, SOM, and CEC) = T

likelthood of positive yield response to biochar

* Higher quality soils (high pH, SOM, and CEC) = l

likelthood of positive yield response to biochar

Figure 3 - Dokoohaki, et al 2019.



Right Place: where do I apply biochar?

Excample: Central 1 alley, California
pH SOM CEC Response

Impact 1s less pronounced in clayey soils, but

studies have shown:

* Increased macro- and mesopore volume, total
porosity, available water capacity, and soil
aggoregation (Sunand Lu, 2019)

* Decreased soil bulk density (Obia etal, 2018)

28
Figure 3 - Dokoohaki, et al 2019.



Decision support tools are available!

Web Soil Survey (WSS) Biochar Atlas

https://websoilsurvey.sc.egov.usda.gov/app/ http://www.pnwbiochar.org/ 29



http://www.pnwbiochar.org/
https://websoilsurvey.sc.egov.usda.gov/app/

Right Rate: More 1s not always better

* Application rates differ: SxCx BxE x M | A

* Field rates: 1-10 t/ac at a single time

e 1 t/ac (4 cuyd/ac) — lowest effective rate to
improve soil organism habitat

* 3t/ac (12 cu yd/ac) — for improved SOM levels

 Container rates and tree plantings: 5-25% (v/v)

30




Inoculating /Charging/Blending

* The temperatures at which biochars are produced creates an inert material (except
nutrient rich feedstocks like manure)

* Biochar is a soil amendment not a fertilizer — must still meet the nutrient needs of
your crop (although research is happening around biochar-based fertilizers)

* Biochar is the backbone that acts as a home for microbes and to slowly release
nutrients

* Need to add microbes and nutrients to initiate surface reactions

* Mixing with compost, manure, microbial solutions, etc. adds biology and labile
(bioavailable) nutrients as well as improves the efficiency of these amendments
* Prevents nutrient immobilization and possible yield drag or loss

e More economical

* No consensus on the amount of time needed to activate before use: 1-3 weeks has
been recommended.



Inoculating /Charging/Blending

Photo: Suzanne Hunt

Mix with compost

Mix with compost tea

N
Gl TN R B
Broadcast applied then tilled in

with legume cover crop
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Biochar and Compost

Photo: Aaron Ristow




Right Time: single & repeated applications work

* Single applications
* Biochar resists decomposition so does
not need to be applied annually

* Ideal for perennial cropping systems
where the biochar can be incorporated
directly into the root zone (closer to the
main roots)

* Repeated applications
* More economically feasible

* May align better with current
management practices (no-till,
equipment, logistics, etc.)



Many ways to apply biochar, and at
different scales of production



Broadcast

36



Precision Applications

Photo: Kirsten Workman

Photo: Kristin Trippe Photo: Andrew Borner



Hand application

Photo: Ben Roosa
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Photo: Roy Smith



Lime spreader



Drop spreader




Manure & spinner spreader
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Other application considerations

* Moisten biochar before application to minimize dust and
reduce risk of loss

* Do not apply on a windy day
* Incorporate biochar into soil
* Use appropriate PPE

e Pelletized biochar

* produced by compacting residual biochar into small pellets with
or without a binder

* Easier to transport and apply using existing equipment and makes
biochar denser, reducing potential loss

e Prilled biochar

* Similar product to prilled urea plus biochar
* Aids in slow release of N and improved fertilizer use efficiency



CPS 336 — Soil Carbon Amendment

* Supports the application of biochar, compost, and other
state-approved carbon amendments to increase soil
carbon sequestration and improve soil health across
various land uses.

* Trying to get more carbon back into the soil

* Financial assistance opportunity for farmers

* Make sure compost meets the USCC Seal of Testing
Assurance Program (STA) and/or the Biochar meets the
International Biochar Initiative (IBI) Certified biochar seal

https:/ /www.compostingcouncil.org/page/NRCSCode336ResourceHub
https:/ /www.nres.usda.gov/resources/guides-and-instructions/soil-carbon-amendment-ac-3306-

conservation-practice-standard



https://www.compostingcouncil.org/page/NRCSCode336ResourceHub
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Summary Points

Biochar is a long-lasting C-rich soil amendment that has
potential benefits for improving crop yields and soil
health, and sequestering C 1n sotls

crop production systems

Biochar applications should be made strategically to
degraded or poor performing areas of fields

Inoculate biochar before application to crops to eliminate
nutrient immobilization

Incorporate biochar into existing management strategies

Cost of biochar continues to decrease, availability
continues to increase

Decision support tools and financial assistance to
qualifying farmers will help encourage greater adoption in
the agriculture industry




Thank youl
Questions?

Deborah Aller, PhD
da352@cornell.edu
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