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What Is Biochar?



“What we today call biochar is in fact a recently-invented term 
for a very old material – charcoal. … 

the new name has perhaps caused researchers to overlook 
previous research into the properties of charcoal. 

Are we in danger of reinventing the wheel?”

Unearthing the Past: 
The Forgotten History of Biochar
Guy Shrubsole, November 2010
https://guyshrubsole.files.wordpress.com/2010/11/unearthing-the-past-gshrubsole-nov-2010.pdf



https://www.echocommunity.or
g/resources/b5cad3ac-e9e6-
42bb-be50-ce43689b87ed

Biochar is a filter, not a fertilizer – when the filter is “filled” 
or “charged” with sorbed nutrients, it then becomes a 
slow-release fertility amendment. 

https://www.researchgate.net/figure/Ad
sorption-vs-absorption-difference-and-
comparison_fig3_351887550





How is making Biochar 
different than burning?



https://ww
w.lincolnel
ectric.com/
en/welding
-and-
cutting-
resource-
center/plas
ma-
cutting-
resource-
center/pro
cess-and-
theory/wha
t-is-plasma

https://w
ww.alam
y.com/st
ock-
photo/sol
id-liquid-
gas-
plasma.h
tml?sort
By=relev
ant

States of Matter



https://doi.org/10.3390/e
n15062227

Image credit: https://www.pngwing.com/en/free-png-kblew

Fire Chemistry



Gasification vs Pyrolysis

https://www.intechopen.
com/chapters/77109

https://agsci.oregonst
ate.edu/sites/agsci.or
egonstate.edu/files/bi
oenergy/education/le
cture_12_-
_combustion_gasificat
ion_notes.pdf

Pyrolysis is a prerequisite for 
gasification. Gasification does 
not directly produce biochar; it 
creates gases that can be 
independently recovered or 
combusted to drive heat for 
direct and indirect pyrolysis.

“Carbonization”



Types of 
Gasifiers

https://www.researc
hgate.net/figure/llust
rative-structures-of-
different-types-of-
gasifiers-modified-
from-Dr-R-L-
Bains_fig3_226602184

https://www.allpowerlabs.com/pp30-power-pallet



How to 
make 

Biochar?



Production 
Methodologies



Image credit: 
https://landscouncil.org/news/bio
char-burn-at-sherman-pass

Oregon Kiln – Flame Cap Principle

Open-Source Design Plans - wilsonbiochar.com/shop/ols/products/open-source-kiln-designs-
oregon-kiln-and-ring-of-fire-kiln



Image credit: https://www.researchgate.net/figure/Kon-Tiki-kiln-schematics-1-courtesy-
the-democratization-of-biochar-and-in-operation_fig4_345338772

Image credit: 
https://biochar.i
nternational/gui
des/biochar-
reactor-to-meet-
needs/ Air Vortex 

Kiln –
Flame Cap 

Principle



Image credit: https://www.customcarbonizing.com/

https://www.e
glin.af.mil/Ne
ws/Article-
Display/Article
/391840/burn-
baby-
burnincinerato
r-clears-range-
debris/

https://www.kl
eensite.com/kl
eenbox-
burnboxservic
e-method

Air Curtain Burners–
Forced Air Flame Cap



Coming 2024: Phoenix Biochar

Shredders

Windrow 
Turners

Star Screens

Depackagers

Conveyors

Towed 
Windrow 
Turners

Balers

Whole brush goes in 
the top, no chipper 
needed.

A conveyor 
and cooling 
auger system 
deposit nutrient 
capturing 
biochar.

A diesel-electric power system allows 
crews to power/charge other 
equipment while idle, diesel engines 
are also adaptable to future use of 
hydrogen or renewable natural gas.

The machine follows 
fuel/invasives clearing 
crews, leaving behind 
sequestered carbon.





Retort Kiln

https://commons.wikimedia.org
/wiki/File:Example_incandescen
ce_colors_%28temperature_ran
ge_550_-_1300_C%29.svg

Rob Hietala

Indirect 
Pyrolysis





Image credit: 
https://biochar.international/guides/bioch
ar-reactor-to-meet-needs/
https://warmheartworldwide.org/success
ful-biochar-program/

Auto-
thermal 
Pyrolysis

TLUD –
Top Lit Up-Draft, Gasifier?



https://onlinelibrary.wiley.com/doi/abs/10.1002/ldr.4006
https://www.researchgate.net/figure/6-Applications-of-rice-
husk-silica-22_fig6_332290653
https://www.facebook.com/BiocharIntl/photos/sri-lanka-
preparation-of-biochar-as-a-soil-amendment-from-rice-husk-
and-corn-cob/2369588863057756/

Rice 
Husk





https://www.allpowerla
bs.com/gasification-
explained



Image credit: https://www.arti.com/reactors/



.https://www.denverpost.com/wp-content/uploads/2017/06/media-reporterherald-com-0617-biz-biochar3-js-xl.jpg?w=620
https://biocharnow.com/wp-content/uploads/2019/12/15-transport-steps.jpg
https://biocharnow.com/wp-content/uploads/2019/12/15-site-kilns-1.jpg



https://www.understanding-cement.com/kiln.html

https://www.zkcomp.com/news/1714.html

Rotary Kilns
or biomass

or carbonizing

or combustion if biomass 
is retained too long

• Already commonplace for producing activated 
carbon from biomass (coconut shells, nut shells, 
bamboo, etc.) and making quick lime for 
cement.

• Biochar does not include steam activation or 
other energy-intensive “activation” steps

• Biochar implies energy is recovered from the 
process and an overall carbon-negative proces, 
as simple as heating the building around the kiln.

• Minimizing or recovering emissions is also typically 
a differentiator of biochar.



biomassenergytechniques.com



https://www.haiqi-
energyfromwaste.com/





https://saratogabiochar.com/

Biosolids Gasification - treating 
PFAS and microplastics



Transport, Transfer, & 
Storage Considerations



How does 
Biochar 

sequester 
carbon?



Labile Soil 
Organic Matter 

(SOM) vs 
Recalcitrant 
Soil Organic 

Carbon (SOC)

Image credit: https://www.agric.wa.gov.au/measuring-and-assessing-soils/what-soil-organic-carbon

CompositionTurn-over timeSizeFraction

Soluble root exudates, simple sugars and 
decomposition by-products. It generally makes up 
less than 5% of total soil organic matter.

Minutes to days<45 µm 
(in sol’n)

Dissolved 
organic 
matter

Fresh or decomposing plant and animal matter with 
identifiable cell structure. Makes up 2–25% of total 
soil organic matter.

2–50 years53 µm –
2 mm

Particulate 
organic 
matter

Older, decayed organic compounds that have 
resisted decomposition. Can make up more than 
50% of total soil organic matter.

10s to 100s of 
years

<53 µmHumus**

Relatively inert material, such as chemically resistant 
materials or organic remnants (e.g. charcoal). Can 
be up to 10% of soil organic matter.

100s to 1000s of 
years

<53 µm 
– 2 mm

Resistant 
organic 
matter

**
c

o
m

p
o
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biochar
P

  E
  A

  T

**

** a.k.a. the soil 
matter formerly 
known as “humus”

(https://www.mofga.org/resources/soil/
humus-is-dead-long-live-humus/)



https://cropaia.com/blog/soil-carbon-sequestration-mitigate-climate-change/

BC

leave it sequestered 
in the ground

Image credit: https://www.canr.msu.edu/news/the_biochar_boon



Carbon Credits
• (existing) If a tree falls in the 

woods, how much carbon is 
released when it burns in a 
forest fire? -98%-

• (proposed) With the right 
reactor, -50%- of that carbon 
could be locked in biochar for 
100s to1000s of years.

• (credit) = (existing) –
(proposed)

• It’s easier to prove that 
carbon is unavailable to 
decomposition and fire deep 
underground than it is to 
prove it in complex soil 
biology.







Slide by Bridget Ulrich, NRRI, presented March 16, 2023

It’s not just about 
the Biochar



https://espressomilkcooler.com/thermoel
ectric-power-generator-systems-for-sale/

https://i5.walmartima
ges.com/asr/f4f942b
8-fe60-4230-9d83-
999f78173fee.09d509
34cd6305a007ee4ac
e35e56e14.jpeg
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http://www.forgreenheat.
org/technology/outdoor_
wood_boilers.html

https://www.teg
mart.com/wood
-stove-
thermoelectric-
generators/

https://www.briquette-machine.com/wood-
vinegar-from-charcoal-briquette-making-
process.html

https://en.wikipedi
a.org/wiki/Thermo
electric_effect

https://cdn.shopify
.com/s/files/1/066
6/9741/products/
CampStove2_1_d
6669270-700b-
4685-b756-
be3b42ef0f98.jpg?
v=1612737235
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https://medium.com/the-coffeelicious/swimming-in-my-money-like-scrooge-mcduck-fc2140e78ee

What opportunitie$ are there in Biochar for $oil 
amendment producer$, vendor$, applicator$, 

and u$er$/benefactor$?
• Processing – Carbon Credits
• Blending
• Vending

• Biochar
• Byproducts

• Application
• User Benefits

• Nutrient Retention – Slow 
Release – Sell More Compost

• Nutrient Capture – Clean Water
• Carbon Sequestration
• Sustainable Replacement for 

Coal, Peat, or Activated Carbon 



Slides by 
Natalie Hoidal, 
UMN Extension, 
presented 
10/5/2023



Slides by Natalie Hoidal, UMN Extension, presented 10/5/2023

http://www.mncompostingcouncil.org/u
ploads/1/5/6/0/15602762/mncc_p_white_
paper_3-19_final.pdf.pdf



Slides by Natalie Hoidal, UMN Extension, presented 10/5/2023



https://www.mdpi.com/1
660-4601/16/20/3998

Measuring the Fate of Compost-
Derived Phosphorus in Native 
Soil below Urban Gardens

Slides by Natalie Hoidal, UMN Extension, presented 10/5/2023

Is the conclusion that phosphorus is 
leaving garden beds, or that *the 
right subsoils* are doing their job to 
sorb the phosphorus?

What other amendments or other 
garden practices can mitigate 
phosphorus leaching and allow 
gardeners to maintain fertile growing 
environments?



Leaching and 
Stormwater Filter

https://www.fairfaxcount
y.gov/publicworks/storm
water/facility-fact-
sheets/bioretention-
practices

Plants need available N, P, K, 
and micronutrients. You cannot 
have a vegetated system 
without available (leachable) 
nutrients. Biochar is the perfect 
solution to concerns of nutrient 
leaching and can be used to 
contain nutrients as they move 
from rooting zones to export. coarse biochar 

pipe bedding to 
capture 
anything 
leached from 
above

biochar mixes 
to improve 
pollutant 
removal



Multi-functional 
Surface Mulch



https://ozturners.com.au/pro
duct/ct-compost-turners/



Water / Snow

Odor 
Control

Urine / Liquid 
ManureQuenching / Charging

Litter / Bedding



https://loxahatcheeriver.org/septic-
sewer-conversions/septic-systems/



https://hal.science/hal-01665385/document

A B

C

D

A - Fibric
B - Hemic
C - Hemic
D - Sapric 
nominal sand, silt, 
or caly content

Cold 
Climate 

Peat 
Soils



https://www.nurserymag.com/a
rticle/biochar-peat-moss-
alternative-illinois-research/https://www.gov.uk/government/news/sale-of-horticultural-peat-to-be-banned-in-move-to-protect-englands-precious-

peatlands#:~:text=All%20sales%20of%20peat%20to,in%20a%20near%2Dnatural%20state.

Peatlands are unique 
ecosystems and massive 
carbon sinks. Some 
excavations of peat soils 
for construction or 
remediation are necessary; 
mining peat for use in 
horticulture releases the 
stored carbon as the peat 
decomposes in plantings. 



https://www.startribune.com/a-climate-conundrum-beneath-our-feet-
minnesotas-farmed-peat-soil-releases-greenhouse-gases/600146107/

When peat is no longer saturated, it 
starts decaying, “composting in place,” 
change in practice = carbon credit$



https://cropaia.com/blog/soil-carbon-sequestration-mitigate-climate-change/

https://www.istockph
oto.com/photos/tree
-sapling-in-pot



Peat 
Replacement

Biochar, 
Charcoal, et al., 

meet official 
definitions of 

Peat



What is 
Compost?

Figure from The Composting Handbook, 2021

Per USCC/AAPFCO:
Compost is the product 
manufactured through 
the controlled aerobic, 
biological
decomposition of 
biodegradable 
materials. The product 
has undergone 
mesophilic and 
thermophilic 
temperatures, which 
significantly reduces 
the viability of 
pathogens and weed 
seeds (in accordance 
with EPA 40 CFR 503 
standards) and 
stabilizes the carbon 
such that it is beneficial 
to plant growth.



Types of 
Compost: Not 

All Created 
Equal

<20:1 (manure)30:1 – 20:1 (compost)>30:1 (mulch)C:N

FertilizesBalancedConsumes NutrientsFertility

HighModerateLowMicrobes

Moderate / 
High

LowModerateRisk to Plants

Fertility 
Amendment

Carbon Amendment / 
Erosion Control

Stormwater Treatment 
/ Erosion Control

Uses

Manure or 
Biosolids

Food Scraps or Yard 
Waste

Yard Waste or WoodFeedstocks

>> more aging = more balanced = less risk to plants <<

Adding biochar as 
a composting 
feedstock can that 
would otherwise be 
lost to contact 
water ponds and 
causing odor issues.



How to support development of 
the emerging Biochar industry?



• Inaugural MN Biochar Summit – June 2023 – 101 attendees
• MN Biochar Initiative – incorporated September 2023
• City of Minneapolis – rotary kiln coming early 2024
• Biochar as a Soil Amendment in Minnesota: Findings from Literature and Interviews

• Samantha Hunt and Sustainable Farming Association (SFA), May 2023
• https://conservancy.umn.edu/handle/11299/254647

• Carlton SWCD – Oregon Kilns https://carltonswcd.org/biochar-kilns

• Dovetail Partners https://www.dovetailinc.org/portfolio.php?Tag=Biochar

• Great River Greening – Oregon Kilns
• Northstar Lime, Crookston – FPEP grant
• Northeast Clean Energy Resource Team (CERT) – multiple projects
• UMD – agricultural usage
• NRRI – biochar properties and coal replacement in steelmaking
• UMN St. Anthony Falls Laboratory – stormwater treatment
• UMN CEGE / BBE – lifecycle impact and business case
• UMN CBS – surface water quality
• Carba / UMN – carbon sequestration banking
• USDA NRCS – soil application projects

What’s Happening in MN



ON-SITE BIOCHAR
Hierarchy does not 
consider environmental 
impacts of trucking

https://www.eqb.state.mn.
us/sites/default/files/docu

ments/2019%20Minnesota%
20State%20Agency%20Em
erald%20Ash%20Borer%20R

eport.pdf



Ikhala Impact 
Char App

• Use app while 
producing 
biochar 

• Automated  
process reporting

• Carbon credit 
certification

• Grant reporting
• Help to keep from 

missing data 
points

• https://www.afric
andata.tech/

https://www.biocharco-op.com/ pnwbiochar.org

USBI North American Chapters
https://biochar-us.org/regional-groups

https://www.researchgate.net/figure/Countries-and-regions-
contributed-to-biochar-research-during-1999-2018_fig4_337949471

Biochar-related studies from 1999 to 2018: 
a bibliometrics-based review

Research and 
Knowledge 

Sharing



IBI biochar-international.org
USBI biochar-us.org

USBC usbiocharcoalition.org
MNCC/MNBI mncompostingcouncil.org/biochar 



?
Q&A

?

Nicholas.Vetsch@Stantec.com


