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What is Biochar: The Oldest New Material

Highly stable carbon-rich solid material produced by thermal 

decomposition of biomass in oxygen-limited environment 

(pyrolysis)

charcoalBio

Kumar et al. Biochar https://doi.org/10.1007/s42773-023-00207-z

https://doi.org/10.1007/s42773-023-00207-z


Why Now? Why Soil? Why Biochar?



Why 
Soil?

1876 – Virgin Grassland Soil (Morrow Plots, University of Illinois)



University of Connecticut Home & Garden Education 

Center

Role of Soil Organic Matter
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Biomass

Biochar

https://www.brookings.edu/articles/redefining-renewable-biomass-a-policy-change-with-cascading-outcomes/

Pyrolysis



Why Biochar?



CO2 Emission from Biochar Amended Soil –

Feedstock and Application Rate Effect
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Why Biochar?



Hossain et al., 2020; https://doi.org/10.1007/s42773-020-00065-z

https://doi.org/10.1007/s42773-020-00065-z


Conservation Practice Standard Soil Carbon Amendment (Code 336) (usda.gov)

https://www.nrcs.usda.gov/sites/default/files/2022-11/336-NHCP-CPS-Soil-Carbon-Amendment-2022.pdf


Biochar/Charcoal Production



Biochar Production Using ‘The Ring-of-Fire’



Biochar/Charcoal Production



Transformation During Pyrolysis 

Tomczyk20 Biochar physicochemical 

properties

(1) (PDF) High recovery recycling route of WEEE: The potential of pyrolysis (researchgate.net)

https://doi.org/10.1016/j.rser.2022.112130

https://www.researchgate.net/publication/301620141_High_recovery_recycling_route_of_WEEE_The_potential_of_pyrolysis
https://doi.org/10.1016/j.rser.2022.112130


(Condensed) Aromatic Structure

Biochar for environmental management, Routledge, 2015 



Biochar for environmental 

management, Routledge, 2015 

Peak Temperature Effect on Biochar Properties



Pyrolysis  - Conversion Efficiency of C, N, P

Biochar for environmental management, Routledge, 2015 



Biochar Properties

Porous, Stable Carbon-

Rich Material of High 

Surface Area

Heterogeneous composition of 

functional groups



Biochar & Soil Productivity

Well, it depends…

Kimetu et al., 2008. Ecosystems DOI: 10.1007/s10021-008-9154-z

• Feedstock

• Crop type

• Application rate

• Soil pH

• Soil Texture

• Co-application

• Pyrolysis temp

• …



Biochar & Soil Productivity

Feedstock

Jeffery et al., 2015. Biochar effect on crop yield



Application Rate

Biochar & Soil Productivity



Soil pH

Biochar & Soil Productivity

Jeffery et al., 2015. Biochar effect on crop yield



Soil pH (∆pH)

Biochar & Soil Productivity



Soil pH Greatly Influences Microbial Diversity

Source: Modified from Fierer and Jackson (2006)



Soil Texture

Biochar & Soil Productivity



Biochar & Soil Productivity

Crop

Jeffery et al., 2015. Biochar effect on crop yield
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Biochar Effect on Soil Water Holding Capacity
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With Fertilizer

Biochar & Soil Productivity

Jeffery et al., 2015. Biochar effect on crop yield



N Cycling

Biochar & Soil Productivity

Zhang et al., 2021 DOI: 10.1111/gcbb.12898
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Effects of biochar on soil microbial responses

(AOA, ammonium-oxidizing archaea; AOB, ammonium-

oxidizing bacteria; CFU, colony-forming unit; MBC, microbial 
biomass carbon; MBN, microbial biomass nitrogen; PLFA, 
phospholipid fatty acid. AOB and AOA were commonly 

measured with quantitative PCR targeting the ammonia 
monooxygenase gene amoA)

Kerner et al., 2023; https://doi.org/10.1021/acs.est.3c04201

Biochar & Soil Productivity

https://doi.org/10.1021/acs.est.3c04201
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Schmidt et al., 2021

Biochar & Soil Productivity



Biochar Effect on Plant Available Metals



Oxygen and Ash content effect on Cu Sorption Capacity of 
Sugar Cane Bagasse Biochar 



Biochar – Where Do we Go From Here



BiocharG – Biochar at The Age of Comix



Biochar Application Rate Effect



Climate Smart Technologies Evaluation And Dissemination In Disadvantage 

Appalachian Farming Communities. USDA Evans Allen Capacity Grant, Wvax-MultiState acc. #7003783

MID-ATLANTIC SUSTAINABLE BIOMASS FOR VALUE-ADDED PRODUCTS CONSORTIUM 

(MASBIO). USDA NIFA AFRI, WVA00926 acc. #1022965

Amir Hass, Ph.D.
Associate Research Professor of Soil Water and Natural Resources 

Management at West Virginia State University

amirhass@wvstateu.edu 304.204.4045

mailto:amirhass@wvstateu.edu
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Fang et al., 2014. Eur. J. Soil Sci. 65:60-71

Why Biochar? 
Carbon Emission & Sequestration



Biochar & Soil Productivity



Why Now? Why Soil? Why Biochar?

Carl Sagan testifying before Congress in 1985 on 
climate change

Popular Mechanics March 1, 1912 Popular Mechanics - Google Books

Svante 
Arrhenius, 

1896

Better Than Never…

https://books.google.com/books?id=Tt4DAAAAMBAJ&pg=PA341&lpg=PA341&dq=this+tends+to+make+the+air+a+more+effective+blanket+for+the+earth&source=bl&ots=QvdH-SgFLl&sig=WiPUNOIzM6udOSTBm2VXzRQB9K8&hl=en&sa=X&ved=0ahUKEwjQq8apj_bPAhUa3YMKHfCZDLQQ6AEIKTAC


Why 
Soil?

The Mercury News 2013

1876 – Virgin Grassland Soil (Morrow Plots, University of Illinois)

https://www.mercurynews.com/2013/06/10/massive-dust-storms-hit-colorado-evoking-dirty-thirties/
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RAF WWII:

125,000 aircrew, 75,446 airmen (60%) were killed, wounded or taken prisoner





2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory

Biochar & Carbon Credit
Method for Estimating the Change in Mineral Soil Organic Carbon Stocks from 

Biochar Amendments (IPCC Guidelines for National Greenhouse Gas Inventories)



2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory

Biochar & Carbon Credit
Method for Estimating the Change in Mineral Soil Organic Carbon Stocks from 

Biochar Amendments (IPCC Guidelines for National Greenhouse Gas Inventories)



Biochar & Carbon Credit

2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory
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Biochar & Carbon Credit

2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory
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CO2 Emission from Biochar Amended Soil
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TN, IC; R2 = 0.774

C, C/N, Lignin, IC; R2 = 0.976

C, C/N, Lignin, TN; R2 = 0.948

Lignin, TN; R2 = 0.909

C/N, TN; R2 = 0.901

TN; R2 = 0.865



Thermal Decomposition

Biochar for environmental management, Routledge, 2015 



Why Soil?

UNFCCC Webinar on SOC-session 3 (part 1).pdf

https://unfccc.int/sites/default/files/resource/UNFCCC%20Webinar%20on%20SOC-session%203%20(part%201).pdf


(Condensed) Aromatic Structure
Van Krevelen Diagram

A Novel Approach to the Production of Biochar with Improved Fuel Characteristics from Biomass Waste

https://www.researchgate.net/publication/337796487_A_Novel_Approach_to_the_Production_of_Biochar_with_Improved_Fuel_Characteristics_from_Biomass_Waste/figures?lo=1


Kelpie Wilson

The Ring-of-Fire
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