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What i1s Biochar: The Oldest New Material

Highly stable carbon-rich solid material produced by thermal
decomposition of biomass in oxygen-limited environment

(pyrolysis)

160000
I P ublications
5000 - |====Citations L
= 140000
4000 - L 120000
é L 100000
.; 3000 4 E
k> 80000 S
- —
= S
Ha 2000 - 60000
L 40000
1000 -
— 20000
ST P S T ik T
o SIS S AN )
ST DR A AR S

-wise biochar publications with the number of citations
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Kumar et al. Biochar https://doi.org/10.1007/s42773-023-00207-z


https://doi.org/10.1007/s42773-023-00207-z
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1876 — Virgin Grassland Soil (Morrow Plots, University of lllinois)

Soil Organic Carbon Content, Mg/ha
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Role of Soil Organic Matter

Physical
Biological
» Improve soil structural stability

* |ncrease water-stable aggregates Energy for biological process
* Reduce bulk density Release nutrients (N, P, S,K

* |Influence water retention etc.)

* Mulching reduces water/soil loss SOM Incraase biodiversity

» Buffering soil temperature Improve soil Resilience

Chemical

Increase CEC

Buffering soil pH
Chelates

Immobilizes pollutants

(1571
WEST VIRGINIA
 STATE




The Carbon Cycle

Photosynthesis : 7

Biomass

Atmosphere

Pedosphere

Depletion

SOM Decomposition
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Pyrolysis

Biochar
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Why Biochar?

100

Bio-char

Un-charred organic matter

Carbon remaining (%)
O
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o
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\,,Jn,,.-'I:t;'I'x.-'||l.1:[‘.|N] A Lehmann et al (2006)
m“;'l‘-‘fl‘l: Mitigation & Adaptation Strategies
CIVERS I for Global Change 11: 403 - 427




CO, Emission from Biochar Amended Soll —
Feedstock and Application Rate Effect

S0 10% Application Rate i 5% Application Rate ) 1% Application Rate

—o— Alfalfa
—A— Miscanthus
—a— Sorghum
—o— Yellow Pine
—x— Poplar

- = -Cont.

Weeks of incubation
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The Carbon Cycle

Photosynthesis

Biomass

Atmosphere

Pedosphere

SOM Decomposition
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Why Biochar?

Microbial
Biomass

Desorption

uolydios

Particulate
Organic
Matter

Terra Preta soils

Protetted/stabilized organic
matter (Humus)

Inaccessible inside ‘ / ‘@”
microaggregate \ tected by sorptio environment

to mineral'surfaces

Humus (stabilized C)
A

WEST



Influence of Biochar on Soil

Increases
Reduces oH Improves
GHG soil water

emission retention

Adds
Increases nutrients/more
CEC NUE
Improves
Improves soil
microbial structure

associations

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


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

USDA

e
_ United States Department of Agriculture 336-CPS-1

Natural Resources Conservation Service
CONSERVATION PRACTICE STANDARD
SOIL CARBON AMENDMENT
CODE 336

(ac)

DEFINITION

Application of carbon-based amendments derived from plant materials or treated animal byproducts.

PURPOSE

Use this practice to accomplish one or more of the following purposes:

* Improve or maintain soil organic matter.

+ Sequester carbon and enhance soil carbon (C) stocks.
*  Improve soil aggregate stability.

*  Improve habitat for soil organisms.



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

Biochar/Charcoal Production
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Biochar Production Using ‘The Ring-of-Fire’




Biochar/Charcoal Production




Transformation During Pyrolysis

Cellulose (35-45%)

Plant Cell wall

https://doi.org/10.1016/}.rser.2022.112130 -‘\
C>|

Hemicellulose (25-30%) ngn'n (15 30%)

A i >
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Major cell components
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Temperature
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) High recovery recycling route of WEEE: The potential of pyrolysis (researchgate.net)
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properties


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
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Biochar for environmental manaagement. Routledoe. 2015



Peak Temperature Effect on Biochar Properties




Pyrolysis - Conversion Efficiency of C, N, P

70 (25-75)% mass loss

0.2-2% N 0.1-5% N

1 50 (10-60)% C loss 0.001-5% P
0.001-2% P 50 (0-80)% N loss

BIOMASS 5(0-43)% P loss BIOCHAR

(1.51]
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Biochar Properties

Heterogeneous composition of
functional groups

Hydrogen bonds ’i Anionic attraction
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Biochar & Soil Productivity

Maize grain yield (t ha)

Well, it depends...

12

10 H

—&8— Biochar

<@ Sawdust
—— - —— Manure LSDq s
—=ny.—:.  Tithonia

1 I Ll

1 1
40 60 80 100 120
Time since conversion (years)

Feedstock
Crop type
Application rate
Soil pH

Soil Texture
Co-application
Pyrolysis temp



Biochar & Soil Productivity

Feedstock
Sugar cane —

) = Rice straw

: Cow manure

: Poultry litter (550°C and activated)
! Poultry litter (450°C)

: - Maize stover

: - Pine forest waste

: = Wastewater sludge

: —— Wood

i Acacia bark charcoal

: —+— Rice husk

. —— Paper pulp and wood chips

: - @Grand Mean

: Peanut hull

-—— Wheat straw

P Sorghum

et PR CHIp
: Greenwaste
3 Beer draff
—y Grasses
: Sugar beet pulp
) Biosolids ;
-50 0 50 100 150

WEST VIRGINIA
STATE

Change in crop productivity (%)



Biochar & Soil Productivity

Application Rate

| ' 100
] 50
! 135
J 29
| 65
J . 67.6
! . 40
| —— 10
' . 20
- Grand mean
- 14
|, 8
S
: . 55
——— 3
: . 11
| - 22
—l'— 1.5
- 16
4
— 5
— . P . 0 30 60
u.-'fzsg:[\r-l !Itgélmﬁ. Change in crop productivity (%)

S. Jeffery et al. / Agriculture, Ecosystems and Environment 144 (2011) 175-187



Biochar & Soil Productivity

Soil pH

: 5.1-5.5
: 5.1-4.5

: <4.0
; 4.6-5.0

: Grand Mean

5 8.1-8.5

: — 7.1-75

5 6.1-6.5

| 6.6-7.0

; 5.6-6.0

5 7.6-8.0

0 20 | 40

Change in crop productivity (%)
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Biochar & Soil Productivity

Soil pH apa)

I >2.0
|
I
1 1,621
|
, 1.1—-1.5
I
|
} Grand mean
I
} 0.1-05
|
i 0.6—1.0
|
l
i -0.5-0.0
|
! . . . . .
0 10 20 30
WEST VIRGINIA Change in crop productivity (%)
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Soil pH Greatly Influences Microbial Diversity

3.6

34

3.2

3.0

2.8

Index of bacterial diversity
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6
Soil pH

A Dry Grassland/Shrubland

8 9

7

Source: Modified from Fierer and Jackson (2006)
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Biochar & Soil Productivity

Soil Texture

Medium

Grand mean

Coarse

Fine

0 5 10 15
Change in crop productivity (%)

20



Biochar & Soil Productivity

Crop
! Satsuma
; Sorghum
: Choi Sum
: White clover
: Forage grass
i Radish
- Lettuce
‘ Cowpea
' = Quinoa
: Maize
: - Tomato
i ' Peanut
: Soybean
! —— @Grand Mean
X Wheat

) Sugar cane
; ——— Rice
: : Bermudagrass
; Red clover
: Bean
: Oat
, Sugar beet
' Grass
Ryegrass .
—40 -20 0 20 40 60 80

WEST VIRGINIA

STATE Change in crop productivity (%)



Biochar Bulk Density (BD) and Effect on Soil

12 5
) BD (Bulk Density)

105

oo Lignum Vltao/ (% of Cont. [1.037 ¢ Cm'3])
3
5 / 100 |
o
=88
F
‘@
5 Hard maple 9 T
Q 06
§ Red Oak
§ 0 s B sWood 2
: /
= edwood
m . 85 r

0 - , : . ; : L 80

0 0.2 0.4 0.6 0.8 1 12 14
Wood Bulk Density (g cm?) [V - y -
Fi : : b~
bul?ku;:ms,,; l_g"o”; ‘;‘;’?lty of tzoz;i biochar in relationship to the bul pror Tolll e 25 5 10 20 40 80
- Ve X W00, ] X \ L& . . . .
lk density. Values are for carboniz -~ i Biochar Application Rate (t/acre)

150 o
Chio 900 C (Byrne and Nagle, 1997) W
—-I' '!- - ~. Sy

(1.51]

WEST VIRGINIA
STATE



soil-moisture tension

Biochar Effect on Soil Water Holding Capacity
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Biochar & Soil Productivity

With Fertilizer

Inorganic

Grand mean

None

Both

Organic

0 ' 10 ' 20
Change in crop productivity (%)

30



Biochar & Soil Productivity
N Cycling

150
(a) (b) (c)

100 - 12
@ - !
=
= 50 - 6
= 11 19
S . 148 | 20 12
W
o, mm EE S S ——
= - 1
% 195 34
= b N transformations N fixations N losses

_loo | | | | | 1 I | |
MIN NIT DENIT BNF PNU N,OE NH;3V NOE NL

FIGURE 2 Relative changes of index for major N-cycling processes in biochar-treated soils compared with controls. Bars indicate
95% confidence intervals, and the number of observations is displayed on the upper portion of the bar. (a) N transformations include soil
N mineralization ratio (MIN), nitrification ratio (NIT), and denitrification ratio (DENIT); (b) N fixations include biological N, fixation
(BNF) and plant N uptake (PNU); (c) N losses include soil NH; volatilization (NH;V), N,O (N,OE) and NO (NOE) emissions, and soil N

leaching (NL) Zhang et al., 2021 DOI: 10.1111/gchb.12898



Biochar & Soil Productivity

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
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Biochar & Soil Productivity

D | y U ) N i
Bl ot sl b ri e ooodacibaie i L ey FIGURE 2 Selected parameters with
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Jeffery et al (2017) g Crop yield + (1128)
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AB-DTPA Extractable Element (ug g)

Biochar Effect on Plant Available Metals
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Oxygen and Ash content effect on Cu Sorption Capacity of
Sugar Cane Bagasse Biochar

A. Hass, .M. Lima / Environmental Technology & Innovation 10 (2018) 16-26 23
50 0 r
B
X a0 | 4
" ONon-activated
® Activated
30 + 30
£
:E 20 + ‘ 20
10 10 |
= 0.0059e01475x
y = 68.331e0313x R* =0.9258
R* =0.9633
o 1 ] 0 ] L
0.0 5.0 10.0 15.0 20.0 250 0 15 30 45 60
Oxygen Content (%) Ash Content (%)

Fig. 2. Cu sorption capacity (gmax) and oxygen (A) and ash (B) content of old bagasse biochars (arrows point to the direction of increase in pyrolysis
temperature of activated [solid line], and non-activated [dissected line] biochars; solid regression line are exponential fit for all observations).
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Biochars - Biochar at The Age of Comix
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Biochar Application Rate Effect
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Biochar Classification Tool

Home / Resources / Biochar Claésifiéation Tool

Biochar may offer direct and indirect benefits when applied to soils. These benefits are based on diverse material properties of
manifested when added to fulfil specific soil/crop needs. The /Bl Biochar Classification Tool—derived from the paper A biochar
and associated test methods'—classifies biochars based on a set of physicochemical properties (most of them tested for in th
Standards). At present, four biochar properties are classified:

o Carbon storage value

« Fertilizer value (P, K, S, and Mg only)
e Liming value

e Particle size distribution

WEST VIRGINIA
STATE

Carbon storage classes

Fertilizer classes

| Suitability for soilless
~ agriculture

$BC, 0 2 600g kg’

—

500 kg '  5BC, 50 < 600g kg’

A00g kg ' S sBC, 40 < 500g kg'

300g kg % SBC, 40 < 400g kg

$BC, 00 < 300g kg’

Fertilizer value 4 nutrients

Fertilizer value 3 nutrients

Fertilizer value 2 nutrients

Fertilizer value 1 nutrient

General classification
based on corn needs

Avail. P,04<1.00% + avall. K,0<0.55%
+ avail. 5<0.15% + avall. Mg0<0.35%

CaCO;-eq 220%

10% < CaCo,- eq < 20%
1%$CaCO-eq<10% |

CaCO,- eq < 1%

Powder

Blended
(8d)

Fraction >16mm (%6;w/w)

Fulfillment of physical and chemical
requirements for either potting mixes

- orsollless agriculture according to

local regulations



Why Biochar?
Carbon Emission & Sequestration

450° C biochar 550° C biochar

— 20°C
s 40°C

mineralized /%
%]

Proportion of the biochar-C

Oxisol Vertisol Inceptisol Entisol Oxisol Vertisol

H i Inceptisol Entisol

WEST VIRGINIA

STATE

Fang et al., 2014. Eur. J. Soil Sci. 65:60-71



Biochar & Soil Productivity

d 80 -
b Biochar (%) C
= . Sand Biochar |AUDPCtSE
S === Qo (%) | (%xdays)
o E Mix -—-ib %’ 8, 6041 < 0 |1795¢97a
a_r—j o g O 1| 653t30b
0 3 5 9 22 - B 31 49550 b
b 3 5
- |- b ©
:E’ Upper‘ ~ §§ 2o
@ " b = °\° o
2 Middle _-‘ - l as
Q@
- Lower QT'_, 0- ' '
0 10 20 30 55 80 105
Disease severity (% leaf coverage) Time after infection (days)

Fig. 14. Disease severity of powdery mildew (Leveillula taurica) on tomato as affected by biochar additions (a) in both a sand and a coconut fiber-tuff soilless potting medium (mix);
(b) in sand; (c) in the potting medium over 105 days (Elad et al., 2010; with permission).

o] .
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J. Lehmann et al. / Soil Biology & Biochemistry 43 (2011) 1812—1836
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Why Now’> Why SO|I’> Why Blochar?

The

Svante
Arrhenius,
1896

Carl Sagan testifying before Congre sin 1985 on
\»climate change

‘52\ A\ \ )
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P >

OF 1911

The Effect of the Combustion
of Coal on the Climate — What
Scientists Predict for the Future

By FRANCIS MOLENA

HE year 1911 will long be re- The mean temperature of every month
membered for the violence of its except November was above the aver-
weather. The spring opened mild and age of that of the 40 years covered by
delightful, but in June a torrid wave the records of the United States
of unparalleled severity swept over the Weather Bureau, The average daily
country. The cities baked and gasped excess was from four to six degrees.

WEST VIRGINIA for breath, while the burning sun and With only one month out of twelve
i, | ¥ . . N .
) hot winds withered the corn and cost below normal, one may well ask if

STATE the farmers a million dollars a day. the climate is not changing and get-

Popular Mechanics March 1, 1912 Popular Mechanics - Google Books


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

1876 — Virgin Grassland Soil (Morrow Plots, University of lllinois)
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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

48



A_..._ ’
=) ]% { —UF
! “hr '. ...... &
.o 0.’ s A o/ \® .g\‘ /o @ ° 0’8.0.’.°
ORI Y/ TR Lt
= '. .. ® qj @ ® E) o [
w®)

WEST VIRGINIA
STATE




Biochar & Carbon Credit

Method for Estimating the Change in Mineral Soil Organic Carbon Stocks from
Biochar Amendments (IPCC Guidelines for National Greenhouse Gas Inventories)

ANNUAL CHANGE IN BIOCHAR CARBON STOCK IN MINERAL SOILS RECEIVING BIOCHAR ADDITIONS

ABC\fiyeras = i ( B Cmr,, T )

5 perm,
p=l

ﬂBC’_.,;,—,m,. = the total change in carbon stocks of mineral soils associated with biochar amendment, tonnes

sequestered C yr’!

BC,,, = the mass of biochar incorporated into mineral soil during the inventory year for each biochar

production type p , tonnes biochar dry matter yr!

; = the organic carbon content of biochar for each production type p , tonnes C tonne! biochar

dry matter, Table 4Ap.1

= fraction of biochar carbon for each production type p remaining (unmineralised) after 100

-
."‘)"'lm.l.l

years, tonnes sequestered C tonne™! biochar C, Table 4Ap.2

= the number of different production types of biochar

WEST VIRGINIA
STATE
' ; 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory
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Method for Estimating the Change in Mineral Soil Organic Carbon Stocks from
Biochar Amendments (IPCC Guidelines for National Greenhouse Gas Inventories)
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5 perm,
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BC,,, = the mass of biochar incorporated into mineral soil during the inventory year for each biochar

production type p , tonnes biochar dry matter yr!

; = the organic carbon content of biochar for each production type p , tonnes C tonne! biochar

dry matter, Table 4Ap.1

= fraction of biochar carbon for each production type p remaining (unmineralised) after 100

-
."‘)"'lm.l.l

years, tonnes sequestered C tonne™! biochar C, Table 4Ap.2

= the number of different production types of biochar

WEST VIRGINIA
STATE
' ; 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory
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Biochar & Carbon Credit

VALUES FOR ORGANIC C CONTENT FACTOR OF BIOCHAR BY PRODUCTION TYPE (FEP}.

Feedstock

Pyrolysis Production Process

Values for Ef z

Animal manure

Pyrolysis !

0.38 £ 49%

Gasification

0.09 £ 53%

"‘,11. (B |l‘_.

Pyrolysis

_— —
i) 129

Gasification

0.52 £ 52%

Herbaceous (grasses, forbs,
leaves; excluding rice husks and
rice straw)

Pyrolysis

0.65 £ 45%

Gasification

0.28 £ 50%

Rice husks and rice straw

Pyrolysis

0.49 + 41%

Gasification

0.13 £ 50%

Nut shells, pits and stones

Pyrolysis

0.74 +£ 39%

Gasification

0.40 + 52%

Biosolids (paper sludge, sewage
sludge)

Pyrolysis

0.35 £ 40%

Gasification

0.07 £ 50%

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

VALUES FOR Fpermp (FRACTION OF BIOCHAR C REMAINING AFTER 100 YEARS)

Production

Value for JFar 1,2

-
rerm,

High temperature pyrolysis and gasification (> 600 °C)

0.89 + 13%

Medium temperature pyrolysis (450-600 °C)

0.80+ 11%

Low (350-450 °C)

0.65 + 15%

2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventory
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4, International
W ¢ Biochar
N Initiative

HOME ABOUT IBI ABOUT BIOCHAR RESOURCES v

STANDARD, CERTIFICATION, & TRAINING - NEWS +

BIOCHAR CARBON OFFSET

Home / BIOCHAR CARBON OFFSET METH>ODOLOGYV

BIOCHAR IN CARBON TRADING MARKETS

[VERRA

WHO WE ARE

ON THIS PAGE

OVERVIEW

ABOUT v PROGRAMS + REGISTRY

JOIN

LOGIN

Home

Q

About Us v

Markets v

Verra sets the world's leading standards for climate action

and sustainable development.

CONTACT

Q
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Thermal Decomposition
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STATI

Biochar for environmental management, Routledge, 2015



why Soil?

Carbon Storage

Tonnes of Carbon

Vegetation

Boreal forests

127

How well soll stores carbon
depends on soil type, vegetation
and climate. In general, the

wetter and colder, the better. .. ... ... __

The world's forests absorb around 15.6 gigatonnes
of CO, each year. That's around 3X the annual CO,
emissions of the United States.

(O

Temperate grasslands

Temperate
forests

96
236

43

‘ﬁ-

However, around 8.1 gigatonnes of CO,
leaks back into the atmosphere due to
deforestation, fires and other disturbances.

W
'\“f)

120

-' ) N
) e &
X2 ‘.l',_'- ~) N7,

Tropical
forests
Deserts and
semideserts
123 42

29

; -(l.'u.

Wetlands s.;?a‘::?als Croplands
80
17
Carbon stored

Soil NSNS SO conteins amost

e 2X as much carbon

s RTINS as the atmosphere
Plant & and living flora and

animal life

animals combined.

: P i


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

(Condensed) Aromatic Structure
Van Krevelen Diagram
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https://www.researchgate.net/publication/337796487_A_Novel_Approach_to_the_Production_of_Biochar_with_Improved_Fuel_Characteristics_from_Biomass_Waste/figures?lo=1
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