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youtube.com/@USBiocharlnitiative/videos
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8 National CIG's
10 State CIG’s

Biochar Research

Sustainability
2021, 13, 10079
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Bijochar Impact on Plant Growth & Yield

Schmidt, H.-P., C. Kammann, N. Hagemann, J. Leifeld, T.D. Bucheli, et al. 2021. Biochar in agriculture — A systematic review of 26
global meta-analyses. GCB Bioenergy 13(11): 1708-1730. doi: 10.1111/gcbb.12889.
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Soll Carbon Amendment Practice Standard

* Application of C-based Amendments
= Biochar
= Compost

* Interim Practice (808)
= Created in 2018
= Evaluation & Refinement

* Transitioned to National Practice (336)
= Nov 2023 Release
= States can use either for a 1-year period
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State Adoption of 808

HI/PIA
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PR/USVI

Status in Feb 2023



States may add a purpose by requesting a variance as outlined in Tile 450, General Manual, Part 401,
Subpart B, "Variances" (450-GM-401-B). States may delete any purpose that addresses a resource
concern that has not been identified in that State.
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Dynamic Soil Properties Response to Biochar Application
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Dynamic Soil Properties Response to Biochar Application
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Land Cover
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Dynamic Soil Properties Response to Biochar Application
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Land Cover
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Biochar Impact on Nutrients

Schmidt, H.-P., C. Kammann, N. Hagemann, J. Leifeld, T.D. Bucheli, et al. 2021. Biochar in agriculture — A systematic review of
26 global meta-analyses. GCB Bioenergy 13(11): 1708-1730. doi: 10.1111/gcbb.12889.
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B1ochar and N Utilization

» Biochar Reduces Short-Term Nitrate Leaching from a Horizon in an
Apple Orchard

» Biochar Reduced Nitrate Leaching and Improved Soil Moisture
Content without Yield Improvements in a Four-Year Field Study

« Over 20 studies revealed a 15-69% delay in N release and 25-65%
improvement in fertilizer use efficiency

» Biochar coated urea increased N use efficiency for oilseed rape by 20%

« A PN study with biochar made from sewage sludge found that N use
efficiency from both soil N and fertilizer N was higher in biochar
treated soils compared to control

e Ventura, Maurizio, Giovambattista Sorrenti, Pietro Panzacchi, E. George, and Giustino Tonon. “Biochar Reduces Short-Term Nitrate Leaching from a Horizon in an Apple Orchard.” Journal of Environmental Quality 42 1 (n.d.): 76-82.

Haider, Ghulam, Diedrich Steffens, Gerald Moser, Christoph Miller, and Claudia I. Kammann. “Biochar Reduced Nitrate Leaching and Improved Soil Moisture Content without Yield Improvements in a Four-Year Field Study.” Agriculture,
Ecosystems & Environment 237 (January 2017): 80-94. https://doi.org/10.1016/j.agee.2016.12.019.

o Gao, Yurong, Zheng Fang, Lukas Van Zwieten, Nanthi Bolan, Da Dong, Bert F. Quin, Jun Meng, et al. “A Critical Review of Biochar-Based Nitrogen Fertilizers and Their Effects on Crop Production and the Environment.” Biochar 4, no. 1 (June

13, 2022): 36. https://doi.org/10.1007/s42773-022-00160-3.

e Jia, Yiman, Zhengyi Hu, Yuxin Ba, and Wenfang Qi. “Application of Biochar-Coated Urea Controlled Loss of Fertilizer Nitrogen and Increased Nitrogen Use Efficiency.” Chemical and Biological Technologies in Agriculture 8, no. 1 (January 8,

2021): 3. https://doi.org/10.1186/s40538-020-00205-4.

Figueiredo, Cicero Célio de, Ellen Griza Wickert, Helen Cristina Vieira Neves, Thais Rodrigues Coser, and Jorge Paz-Ferreiro. “Sewage Sludge Biochar Increases Nitrogen Fertilizer Recovery: Evidence from a 15 N Tracer Field Study.” Soil Use
and Management 37, no. 4 (October 2021): 689-97. https://doi.org/10.1111/sum.12672.



https://doi.org/10.1016/j.agee.2016.12.019
https://doi.org/10.1186/s40538-020-00205-4
https://doi.org/10.1111/sum.12672

NWQI projects focus on reducing nutrient,
sediment, and bacteria runoff to surface waters
through a variety of practices that avoid, control,
or trap these pollutants to reduce their
contribution to water quality impairment. This
may involve (Figure 1):

e Avoiding runoff of pollutants
—  Nutrient management plans and
activities.
—  Addressing the rate, timing, form, and
method of nutrient application.
e Controlling runoff of pollutants
— Residue and tillage management.
—  Drainage water management.
¢ Trapping pollutants
— Vegetated waterbody buffers.
—  Wetlands designed for nutrient
removal.

NWQI Practices

Core Practices Code | Avoiding | Controlling | Trapping
Waste Storage Facility 313 X X

Animal Mortality Facility 316 X
Composting Facility 317 X X
Conservation Cover 327 X X
Conservation Crop Rotation 328 X

No-Till 329 X X
Contour Farming 330 X X
Contour Orchard... 331 X X
Contour Buffer Strips 332 X
Cover Crop 340 X X
Critical Area Planting 342 X X
Reduced Till 345 X X
Well Water Testing 355 X

Waste Treatment Lagoon 359 X

Waste Facility Closure 360 X

Anaerobic Digester 366 X
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+BIOCHAR—

NWQIl Avoiding Practices

Core Practices Code Avoiding
Conservation Cover 327 X
Cover Crop 340 X
Tree/Shrub Establishment 612 X
Nutrient Management 590 X
Prescribed Grazing 528 X
Conservation Crop Rotation 328 X
Well Water Testing 355 X
Waste Facility Closure 360 X
Stream Habitat Improvement and Management 395 X
Access Control 472 X
Heavy Use Area Protection 561 X
Streambank and Shoreline Protection 580 X
Waste Storage Facility 313 X
Composting Facility 317 X
Waste Transfer 634 X

Brandon R. Smith, Ph.D. | Brandon@AlliedSoilHealth.com

= Higher Level of
Conservation



+BIOCHAR —

NWaQl Controlling Practices

Core Practices Code Controlling
'Composting Facility 317 X
Field Border 386 X
Filter Strip 393 X
Grassed Waterway 412 X
Critical Area Planting 342 X
Contour Farming 330 X
Contour Orchard and Other Perennial Crops 331 X
Anaerobic Digester 366 X
Animal Mortality Facility 316 X
Drainage Water Management 554 X
Grade Stabilization Structure 410 X
Irrigation Reservoir 436 X
Irrigation Water Management 449 X
Residue and Tillage Management, No Till/Strip Till/Di 329 X
Residue and Tillage Management, Reduced Till 345 X
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= Higher Level of
Conservation



+BIOCHAR —

NWQI Trapping Practices

Core Practices Code Trapping
Conservation Cover 327 X
Cover Crop 340 X
Field Border 386 X
Filter Strip 393 X
Riparian Forest Buffer 391 X
Riparian Herbaceous Cover 390 X
Tree/Shrub Establishment 612 X
Critical Area Planting 342 X
Denitrifying Bioreactor 605 X
Contour Buffer Strips 332 X
Contour Farming 330 X
Contour Orchard and Other Perennial Crops 331 X
Residue and Tillage Management, No Till/Strip Till/Di 329 X
Residue and Tillage Management, Reduced Till 345 X
Constructed Wetland 656 X
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= Higher Level of
Conservation



Key Biochar-Coupled WQ Practices

* Vegetative
= Conservation Cover, Cover Crop, Tree/Shrub Establishment
= Fleld Border, Grassed Waterway, Filter Strip, Critical Area Planting
= Riparian Herbaceous Cover or Forest Buffer

e Structural

= Composting Facility

= Denitrifying Bioreactor
* Highlight

= Amendments for Treatment of Agricultural Waste
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Vegetative: How to Make it Work

336 as an Associated Practice
 Planned with Core Practices
« Needs WQ Purpose?

GRASSED WATERWAY
CODE 412
(ac)

DEFINITION

A shaped or graded channel that is established with suitable vegetation to convey surface water at a
nonerosive velocity using a broad and shallow cross section to a stable outlet.

PURPOSE
This practice is used to accomplish one or more of the following purposes:

+  Convey runoff from terraces, diversions, or other water concentrations without causing erosion or
flooding

. inn
I »  Protect/improve water quality I

States may add a purpose by requesting a variance as outlined in Title 450, General Manual, Part 401,
Subpart B, "Variances" (450-GM-401-B). States may delete any purpose that addresses a resource
concern that has not been identified in that State.




Vegetative: How to Make it Work

* Biochar as a Component

= New payments for WQ
practices to include biochar

https://www.nrcs.usda.gov/getting-assistance/payment-schedules



Structural: How to Make it Work

« Compost Facility
= Size facility to include biochar in co-composting
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Structural: How to Make it Work

e Denitri fy| Ng Bioreactor Virginia Cooperative Extension I
= Include biochar asa com ponent Denitrifying Bioreactors: An Emerging Best
. . Management Practice to Improve
» Spread charged biochar on fields Water Quality
e Better than woodchi oS Zachary M Eason Asssant rafsso and Extonson-Specai, Blosieal Sstems Evneering, Wrgina Tech.
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Highlight Practice: Trapping N at the Source
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NWaQl Avoiding Practices

Core Practices Code Avoiding
Conservation Cover 327 X
Cover Crop 340 X
Tree/Shrub Establishment 612 X
Nutrient Management 590 X
Prescribed Grazing 528 X
Conservation Crop Rotation 328 X
Well Water Testing 355 X
Waste Facility Closure 360 X
Stream Habitat Improvement and Management 395 X
Access Control 4772 X
Heavy Use Area Protection 561 X
Streambank and Shoreline Protection 580 X
Waste Storage Facility 313 X
Composting Facility 317 X
Waste Transfer 634 X
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/ Zeolite is mined
\

Biochar is made from renewable resources
Biochar is carbon-negative

Wang, Quan, Mukesh Kumar Awasthi, Xiuna Ren, Junchao Zhao, Ronghua Li, Zhen Wang, Hongyu Chen, Meijing Wang, and Zengqgiang Zhang.
“Comparison of Biochar, Zeolite and Their Mixture Amendment for Aiding Organic Matter Transformation and Nitrogen Conservation during Pig
Manure Composting.” Bioresource Technology 245 (December 2017): 300-308. https://doi.org/10.1016/j.biortech.2017.08.158.
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LJ_SDA United States Department of Agriculture Arkansas
Matural Resources Conservation Service Practice Scenarios - Fiscal Year 2023

Practice: 591 - Amendments for Treatment of Agricultural Waste

Scenario  #1 - Litter Amendments for Air Quality With Partially Treated Brood Chamber

Scenario Description:

This practice scenario includes the application of a litter treatment amendment that is approved by NRCS to the entire poultry house to reduce ammonia emissions from
the house and facilitate manure management. An entire poultry house is treated year round for air quality impacts. In the winter, the producer or integrator treats the
brood chamber between flocks with litter amendments solely for bird health and production. The amount being applied by the producer or integrator in winter months
does not meet the air guality resource concerns. Additional litter amendments are added in winter for Air Quality benefits not being applied by the integrator. Litter
amendments are applied spring through fall for entire flocks. NRCS is not responsible for the litter amendments already being applied by the integrator for the purposes
of production and bird health. The purpose of the practice is to address resource concerns related to air quality impacts due to particulate matter and precursors, and
objectionable odors. Associated practices: Nutrient Management (590).

Before Situation:

Mo litter amendments are being applied during the spring through fall months. An amendment is being applied at a lower application rate during the winter months,
typically half the house and only two flocks. Partial winter application is solely for production purposes and the lower application rate is not enough to address the air
quality resource concerns. The operation raises 4 flocks per year and the integrator partially treats 2 flocks in the winter months. Approximately 18.7% of the needed litter
amendments are being applied and only during the winter months.

After Situation:

An NRCS approved amendment is applied between each flock. All flocks are optimally treated with litter amendments year-round. A typical broiler operation with 4 flocks
ina 42 x 500" house (21,000 square feet) is treated to reduce the impacts on air gquality. Typically 100 pounds of litter amendments per 1000 square feet are applied 4
times annually. The total amendment applied is adjusted by 81.3% to account for the portion of the brood chamber that is receiving partial application during the winter

months. The amendment is proven to control the odor, to reduce ammonia emissions from the litter. The selected amendment is applied in conformance with the

manufacturer's recommendations and the rates required. The resulting litter contains higher levels of nutrients and nutrient managejment plans must account for this.
Mutrient level testing of the litter and nutrient planning shall be in conformance with CP5 Nutrient Management, Code 590. The amegdment successfully addresses the air
quality impacts from objectionable odors, ammonia emissions, PM and PM precursors and bird health resource concerns. Formula tojcalculate the number of 1000 SF
units: (Square Feet of house) / 1000 5F X (Number of houses) X (Number of applications/year) = Number of 10005Ffyear. 21,000 SF / 1000 5F X 1 house X 4 app/yr = 84
units of 10005F

Feature Measure: MNumber of 10005F applications per

Scenario Unit: 1,000 Square Foot

Scenario Typical Size: 84.00

scenario Total Cost: 52,076.92
Scenario CostfUnit: 52473
Cost Details:
Component Name | 1D | Description Unit Cost aTy Total

Equipment Installation

Application of ag waste 2020 Litter amendment application performed in house. Includes Ton 55920 34 520128
amendment for poultry litter equipment, power unit and labor costs.

Materials
Ag Waste Amendment, sodium 1686 Sodium bisulfate poultry litter amendment. NRCS approved for air Ton 5551.66 34 51,875.64
bisulfate quality concerns to reduce ammonia emissions from the litter. Includes

materials only.



Manure Odor and Emissions

e Pilot-Scale H2S and Swine Odor Removal System Using Commercially Available Biochar, AGRONOMY-BASEL,
2021

e Mitigation of Acute Hydrogen Sulfide and Ammonia Emissions from Swine Manure during Three-Hour
Agitation Using Pelletized Biochar, ATMOSPHERE, 2021

e Impact of biochar application on gas emissions from liquid pig manure storage, SCIENCE OF THE TOTAL
ENVIRONMENT, 2021

e Mitigation of Acute Ammonia Emissions With Biochar During Swine Manure Agitation Before Pump-Out:
Proof-of-the-Concept, FRONTIERS IN ENVIRONMENTAL SCIENCE, 2021

e Mitigation of Gaseous Emissions from Stored Swine Manure with Biochar: Effect of Dose and Reapplication on
a Pilot-Scale, ATMOSPHERE, 2021

e Methane production and characteristics of the microbial community in the co-digestion of potato pulp waste
and dairy manure amended with biochar, RENEWABLE ENERGY, 2021

e Mitigation of Gaseous Emissions from Swine Manure with the Surficial Application of Biochars, ATMOSPHERE,
2020

e Effect of Biochar Diet Supplementation on Chicken Broilers Performance, NH(3)and Odor Emissions and Meat
Consumer Acceptance, ANIMALS, 2020

e The Proof-of-the Concept of Biochar Floating Cover Influence on Swine Manure pH: Implications for Mitigation
of Gaseous Emissions From Area Sources, FRONTIERS IN CHEMISTRY, 2020

¢ Methane emissions and associated microbial activities from paddy salt-affected soil as influenced by biochar
and cow manure addition, APPLIED SOIL ECOLOGY, 2020

e The Impact of Surficial Biochar Treatment on Acute H2S Emissions during Swine Manure Agitation before
Pump-Out: Proof-of-the-Concept, CATALYSTS, 2020

e Use of biochar for the sorption of volatile organic compounds (VOCs) emitted from cattle manure,
ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH

e Effects of microbial culture and chicken manure biochar on compost maturity and greenhouse gas emissions
during chicken manure composting, JOURNAL OF HAZARDOUS MATERIALS, 2020

e Response of bamboo biochar amendment on volatile fatty acids accumulation reduction and humification
during chicken manure composting, BIORESOURCE TECHNOLOGY, 2019

e Efficacy of Different Biochars in Removing Odorous Volatile Organic Compounds (VOCs) Emitted from Swine
Manure, ACS SUSTAINABLE CHEMISTRY & ENGINEERING, 2018

» Effect of different particle-size biochar on methane emissions during pig manure/wheat straw aerobic

composting: Insights into pore characterization and microbial mechanisms, BIORESOURCE TECHNOLOGY, 2018
Brandon R. Smith, Ph.D. | Brandon@AlliedSoilHealth.com



* AC
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* AC

opt 336 for FY24
PuUrpose to 336
nar Component to WQ Practice Payment Schedules

C
C

C

Action ltems — Requests for States

WQ
Bioc
Bioc

Send requests to the State Agronomist, State Resource Conservationist, or State Conservationist

nar to 591

hank You
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Courtesy: S. Parikh, UC, Davis



Technology Adoption Curve

When Incentivization is Needed

Solar Panels
Electric Vehicles

adapted from helloiota.com



Conservation Technology Adoption Curve

When Incentives Are Easy to Plan

v

A
4 A\

Where a Program that Offers
Environmental Incentives
Should Focus

Where the Biochar Industry Is

™~

adapted from helloiota.com



Biochar

e Highly porous (sponge), charged, stable
carbon (recalcitrant)

e Majority of biochar carbon persists >1000
years in soil

* Smaller fractions last 50 to 100 years

Brandon R. Smith, Ph.D. | Brandon@AlliedSoilHealth.com

Pyrolysis: thermochemical
decomposition of biomass at
high temps >350°C in limited

oxygen environment




Outline

Liu, L., Deng, G. & Shi, X. Adsorption characteristics and mechanism of p-nitrophenol by pine sawdust biochar samples produced at different
pyrolysis temperatures. Sci Rep 10, 5149 (2020). https://doi.org/10.1038/s41598-020-62059-. Creative Commons 4.0



https://doi.org/10.1038/s41598-020-62059-

Application Methods

Lime Spreader or Chicken Litter Spreader?, David Laird

Dry Fertilizer — 2x2? Eennigeguipment.com

Surface Apply or Disc In?|

Drill or Planter?
In Slurry?

Brandon R. Smith, Ph.D. | Brandon@AlliedSoilHealth.com



12
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Manure

Hardwood Hardwood Softwood
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Softwood



Pyrolysis
Temperature

Feedstock
Residence Time

Particle Size
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