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 Heavy metals, oils, other toxic
substances from construction
can be absorbed by nearby soil

* Erosion occurs with runoff water
to lakes, rivers and streams

* Carbon dioxide released when
trees are cleared for road
projects

What is the Problem?
i
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TOTAL EROSION ON ALL ROADS
(TOWN, COUNTY, & STATE|—1968

Over 4,000,000 square fest
Over 91 cres (24 counties)

F 2:500,000-4000,000 square feet
55.90 ocres (24 counties)

Under 2,500,000 square feet
Under 55 ocres (24 counties)

(Sem Table 1)

Roadsides along state
highways are generally
well established

Town and county roads
is where erosion is more
predominant

Found that serious

erosion exists in every
WI county

Choking of roadside
ditches

317,110,000 total square
feet affected

* Preserves designed shoulder and
clear zone slopes

* Lessens the need for machines on
roads to keep up maintenance

» Reduces sediment from roadsides
ending up in streams and lakes

* Saves money
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Benefits from implementing erosion solutions
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Vegetation
Erosion

Mulch Control

Erosion mat

Channels,
ditches
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Current Methods for Stormwater Management

Temporary
ditch checks

Sediment

Control Silt fence

Stone or rock
ditch checks

Sediment traps
and basins

Runoff . L
o o Bt il

Diversion

Flumes

Intercepting

Slope drains
embankments
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Pine biochar produced in lab
scale muffle furnace
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What is biochar?

Biochar is the carbon-
rich material obtained
when biomass (typically

‘waste”) is heated at
high temperatures in a :
closed environment with | =~ [ o
little to no oxygen. I

Terra Preta de Indio =
Amazonian Dark Earth

Source: Lehmann, J., Joseph, S. (2009). Biochar for environmental
management: science and technology. Earthscan.
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Feedstock and Drying

* Must be relatively dry before
pyrolysis (<30% moisture)
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Pyrolysis Methods

* High temperatures with little
to no oxygen

» Commonly between 350-800
C (above 800 C is typically
considered gasification) o

« Artisanal biochar and high- %/ i '\-‘7?
tech biochar 8 . .Y: -
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* Moisture

» Organic Carbon
* H:C (stability)

* Total Ash

* Total N

. pH

* Particle size

Basic Properties

» Electrical Conductivity

Testing - Cobalt
» Copper
Toxicant Assessment - Lead
» Polycyclic Aromatic * Mercury
Hydrocarbons (PAHs) ~ * Molybdenum
» Dioxins/furans (PCDD)  * Nickel
* Polychlorinated * Selenium
Biphenyls (PCBs) * Zinc
* Arsenic e Boron
 Cadmium « Chlorine
 Chromium « Sodium

Source: IBI (2024). Standardized Product Definition and Product Testing

SO0,
@Sﬁ} ﬁ‘@% é%} @ @ g; @ @ — 5539 Guidelines for Biochar That Is Used in Soil. International Biochar Initiative,

April 2024, 1-47.
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Benefits of biochar

» Extremely high surface area and porosity

» Sequesters carbon and reduces
emissions

» Beneficial in sandy and compacted soil
» Soil porosity increases

« Water capacity increases

« Plant available water increases

SCONa,,
(A M% ﬁ Source: Blanco-Canqui, H. (2017). Biochar and Soil Physical Properties. Soil
i@;} e Science Society of America Journal, 81(4), 687.
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Sorption Overview

el @ o= | «Sorption is the physical

sobate | binding of molecules to soil
e particles
Biothar 0 « HTT temperature, feedstock,
Sorptive pre-post treatment, and

&‘2’ adsorbate pH all impact

ig sorption ability of biochar

Sorptive, sorbate, and sorbent
Ny,
i@;} ﬁ'ﬁ G&%‘) @ @ r%. ool (G2 ©==7 &%  of Chemical Constituents in Soils. Nature Education Knowledge 4(4):7
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Source: Thompson, A. & Goyne, K. W. (2012) Introduction to the Sorption

Particle size of biochar

» Size of biochar
impacts sorption
capacity

Figure 2.4 Images of a representative black ash biochar (525 °C HTT) product in three different sizings. As-
produced (left). -10/+20 mesh (center). -60/+270 mesh (right).

Image from electron microscope of
balsam fir biochar 550 C (Barry, 2022)  Different particle sizes used in MnDOT study
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* Biochar mixed in the soil for landscaping of roadsides and

n , n
Biochar’'s Use in  medians
* Putting biochar mix into roadside ditches and/or in front of drains

Transportatlon * Mixing it into the actual asphalt and concrete
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IH 39/90 Mega Project: Beloit
to Madison

1 2 ) |
a3, { \
= | . e
j;“ 1 Madison i
= L.r--— t ; 1
‘ 1

14



Biochar for Stormwater Management in 2/4/2026
Transportation and Beyond

Char logs for erosion control at
& perimeter of site
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Char logs around inlets for preventing
sediment/runoff in stormwater drains
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Potential Using Biochar
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Potential Using Biochar

ﬁlﬂ\«(ompactlon
~ \ Fr mentation
|oc ar particle

\ Generiatlon of ﬁne b;gchar
* particles (new sites
contaminant removal)

4 . Pore blo:kln'? q[decrease
¢~ hydraulic co c(fgityand
;  increase water
capacity)
> ===-¢ Transport of particles
St (<3 pum)

\ &
Permanent incorporation into roadside \
slopes and swales

Source: Ghavanloughajar, M. (2020). Compaction conditions affect the capacity of biochar-
amended sand filters to treat road runoff. Science of the Total Environment.
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sediment control

systems.

additives, animal feed.
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MnDOT Proposed Standard Spec

* Class 0: Carbon Sequestration Additive
* Class 1: Basic Additive. Road base and pavements
* Class 2: General Additive. Soil amendment, metal trapping, temporary

* Class 3A: Nutrient Enhanced Additive. Landscape nutrient synergy.
* Class 3B: Stormwater Treatment Additive. Filtration and treatment

* Class 4: Ingestion and Contact Additive. Drinking water, food
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* Reduce carbon emissions from
concrete production

* Biochar replacements up to certain
amounthave .
acceptable [z [«
impact on o

& e _cnE—a

3 o
i L3 B 3 S *3 S S
o¥ o¥ o¥ o o¥ o¥ o
. AT S PSS e
«® & o® o o o o
- o Cs 35 G
g L < ‘e“'« P ‘n—-‘?

Various con

Biochar in concrete

C02-eq emission reduction (%)

mm PYR-RH GAS-WNS Carbon negative line
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Cement replacement (%wt.)

Resources Resear-h Inchitita at [1 af M Dilith fram Dr Rrinn Rarns

PYR: Pyrolysis; GAS: gasification; TOR: torrefaction
RH: rice hulls; WNS: walnut shells

Source: Nassiri, S. (2024). Biochar in Concrete Applications
Presentation. UC Davis, UC PRC, Washington State University

20

2/4/2026

10



Biochar for Stormwater Management in 2/4/2026
Transportation and Beyond

Recommended texts

Scientific, research-based
textbook about biochar

Creative ideas about using
biochar and its global potential

Thorough overview of biochar
benefits and how to
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Fire
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ENVIRONMENTAL
MANAGEMENT

' the Earth
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In conclusion...

There is NO waste unless
you waste it!
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