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Multi-Tiered Biochar Production Network:
Diverse Biochar Production: From Farms to Industry

Different technologies

yield distinct biochar 4 L
properties |




Different contexts of usages

* Artisanal Producers: Farmers & villages using cone-pitkiln

kontiki, drum kilns, small-scale, burn-free, for local soil,
land restoration (*10 kg/hr)

* Medium Scale: Municipalities, cooperatives using mobile §
units for compost mixes and land restoration (*100 kg/hr)

* Large Industrial: Agro-industries, using continuous or
batch-type reactors, integrated with waste-to-energy and|
carbon credit systems(*1000 kg/hr)
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Centralized vs decentralized biochar production

Zhang et al., 2024
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Estimation of carbon sequestration potential and air quality impacts of biochar production from straw in China
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Green Asia Report Serie
No.<

Local Biochar Use for Sustainable

Photo. 5.1. The events showing (A)
citizens participating in bamboo
biochar production, (B) students
selling foods made from COOL VEGE®
vegetables, and (C) citizens

Agriculture in Asia
Second Edition

Kishimoto-Mo A.W., Okimori Y., Sato S., Kurimoto Y.,
Nakano Y., Lim Y., Yoda Y., Shinogi Y., Kobayashi §.,
Shibata A.

harvesting COOL VEGE® vegetables.
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Pyrolysis under
Ox@g deficiency’
o A o A

‘B;Mg}gi-Kon-Tiki 4

A portable, collapsible
flame-curtain kiln.

= | Typically octagonal but
== | can be expanded into an
& | oval with additional panels.

Figure 4.1. Schematic diagram explaining the principle of open-type portable
flame-curtain kilns to nroduce biochar (adanted from Oo et al 2018)




Artisanal Biochar Biochar application
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Feedstock — Process — Structure — Measured Properties — Applications/Performance

Biochar Pyrolysis Syste
Emission Standards
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Hood Sampling for Emission Measurement in Artisanal Biochar Kiln

///
&

Gas sampling hole

=
Porlablt‘ "
Gas

Analyser

Diaphragm
Pump

Objectives

1. Provide comparative emission measurements across different biomass feedstocks and kiln designs.

2. Develop emission factors (EF) to support comprehensive Life Cycle Assessments (LCA) for artisanal
biochar production.



Feedstock — Process — Structure — Measured Properties — Applications/Performance

v

Emission Standards 3 m===) Thai Community Product Standard '|'|S|
Global. Artisan C:Siiik m

Standard for Carbon Sink Certification for artisan biochar production

Deaveloped by the Ithaka Institute for Carbon Strategies, 2024 - version 2.1A (155 June 7024)

tedlar bag based on U.S. Environmental Protection Agency, Method 0040,

T g

4.0 APPARATUS AND MATERIALS
Test item

41 Tediw® bag sampling train - A detailed schematic of the principal components of the
samplng train is shown in Figure 1 co

Tedlar Bag il

Total VOC (NMHO)
CH4

Gas Outlet Gas Inlet

Vacuum Pump

Testo 350

portable flue gas : KU
analyzer MTEC —

a member of NSTOA W(I'_uff 20




1-3  Kon-tiki, Wood Vinegar, TLUD kiln, 200 L
4-6  Kon-tiki, Wood Vinegar, TLUD kiln, 200 L
7-8 TLUD plus Retort

9 Kon-tiki, 2.5 m in diameter

10  Charcoal kiln, 3,000 L

11 Retort, 2,700 L

12 Retort, 1200 L

Field Data Collection

*Scope: Data collected from 10 locations
across Thailand.

*Feedstocks: Focus on agricultural
residues e.g. corn cob, bamboo, cassava
rhizome, and wood waste.

*Pyrolysis Conditions: Temperatures
ranging from 400-800 °C.
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nsuseidin gas emission factors

(Emission assessments via the carbon mass balance method)

Echo kilns Retort* | TLUD* | Kon-tiki* &
Biochar (kg) 5.9 3.9 3.5
Biomass (kg) 20.9 20.9 20.9
%ryield 28.2 18.7 16.8
Emitted gas g gas / kg biochar
CO 90.4 53.4 85.5
CO, 17,283 6,214 7,206
NO 141.7 41.3 49.1
NO, 35.6 4.7 2.6
SO, 0.0 0.0 0.0
O e | 3+ ey <30Kg CHe /ton
* One-time data collection 100

RWLIASTIU Global Artisan C-Sink Standard (CSI) Tng Ithaka Institute
mswanlulosse:roudassiinsiinu (CH.) #nd1 30 Alansu falulosis 1 AU

Ref. Global Artisan C-Sink Standard (CSI) A NotebooklV



Biochar for Land, Water, and Air Health

* Land: Soil fertility, erosion control, degraded land
recovery, Infrastureture, Public park

* Water: Nutrient retention, wastewater treatment,
constructed wetlands, Roadside filtration

* Biochar Sponge City
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Figure 2.1. The comprehensive chemical, physical, and biological properties of biochar
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Biomass and Bioenergy 213 (2026) 109451

Contents lists available at ScienceDirect

Biomass and Bioenergy

ELSEVIER journal homepage: www.elsevier.com/locate/biombioe

Predicting biochar water retention at high suctions from routinely
measured properties across feedstocks and production technologies

Jarudej Asingsamanunt “®, Apiniti Jotisankasa ™ ©, Washirawat Praphatsorn”,

Surachet Aramrak °, Piyapas Sricharoenvech @, Attaporn Wisessint ",
Borwonpong Sukjaroen °, Satoshi Nishimura

e Water retention curves of
seven tropical biochars
(artisanal and industrial)
evaluated at 1-100 MPa

 Electrical conductivity and
oxidisable carbon govern
water retention at lower
suctions

* BET surface area negatively
correlates with WRC slope at
higher suctions

 ANN model predicts water
retention from routinely
measured biochar properties
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| Water retention curve of biochars in this study:
bamboo offcuts (BB_K); b) borncob (CC_K); c)

and g) eucalyptus cuttings (EU_I)

a)

J longan branch (LG_K); f) bamboo cuttings (BB_I);



Table 2
Physical properties of biochars (BB_K: bamboo offcuts, Kontiki kiln; CC_K: corncob, Kontiki kiln; CV_K: cassava rhizome, Kontiki kiln; CS_K cornstalk, Kontiki kiln;
LG _K: longan branch, Kontiki kiln; BB_I: bamboo cuttings, industrial kiln; EU_I: eucalyptus cuttings, industrial kiln).

Biochar Type Particle size (% mass) Median particle size D50 (mm) EC (1:10) (dS/m) BET specific surface area (m?/g)
>4.75 mm 4.75 to 0.075 mm <0.075 mm
BB K 0.0 74.3 25.7 0.25 1.27 0.96
CCK 0.0 64.9 35.1 0.22 4.23 0.76
CV K 0.0 60.4 39.6 0.14 1.97 5.30
CS_K 14.8 69.3 15.9 0.50 11.8 8.63
LG K 6.7 71.2 22.0 1.60 3.19 182.89
BB_I 0.0 95.5 4.5 0.43 el — 53.98
EU I 88.63 9.15 2.22 7.0 0.53 122.68
Table 3
Chemical and nutrient properties of biochars (BB_K: bamboo offcuts, Kontiki kiln; CC_K: corncob, | Correlation heatmap: water-retention parameters (Y) vs biochar properties (X) oo
Kontiki kiln; LG_K: longan branch, Kontiki kiln; BB_I: bamboo cuttings, industrial kiln; EU_I: eucal: " 0.75
Biochar pH % OC  Total Avail. Extract. Extract. Extract. Extract. 0s0 =
Type (1:10 N (%) P205 K (mg/ Ca (mg/ Mg (mg/ Na (mg/ W% at 10 MPa 0.25 é
ratio) (mg/ kg) kg) kg) kg) 000
kg] w% at 100 MPa —0.25 E
BB.K 10.4 d Q.39 658 3600 641 216 58.9 050 3

-0.75

CCK 10.5 .8 1395 115 52.2 134 b
CV-K 10.5 69 4202 705 1260 111
CS K 10.5 | 15.3 ﬁ.? 2458 I 65915 I 151 116 258
LGK /

BBI \

EUI Key Biochar Properties Microstructural

EC ssa oc ™

-1.00

0
&
S

ANN Model \
Artificial Neural Network

Electrical Conductivity (EC)

D :
BET Specific Surface Area - .J : :. ‘
. ! Organic Carbon Content . K :x'. \ 'h""""!
Electrical BET Specific  Organic = T
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Multi-Sectoral Uses of

Biochar

Agriculture: Soil
amendment, compost,

bedding

Construction: Green
concrete, bricks, insulation

Water treatment: Bio-filters

Forestry: Reforestation,
slope stabilization

Energy: Bio-oil, syngas

¥ 1 a £
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W =
§ nn

Farm waste can filter microplastics
in surface runoff, prevent pollution



Biochar+NBS slope protection

Biochar amended soil is being used with vetiver grass system and the
capillary barrier system by Department of Highways, Department of Rural
roads, and Kasetsart University

This is used to promote the bio-circular-green economy concept to
highway maintenance

1kg of Biochar in the soil approximates to 1.9 kg of CO2 removal
(Depending on LCA)

Integrating field trial, in-situ measurement, lab tests (column test and
element test) with community capacity development

@ 200 mm.
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Journal of Hydrology: Regional Studies 28 (2020) 100679

Sponge city: NBS + Biochar

Other uses of biochar in sponge city (nature-based
solutions)

Green roofs, rain gardens, permeable pavements,
drainage

swales and storage tanks to temporarily store the
storm water, reducing flood peaks and volumes.

Gt.oundwater table

e .X

The water may be released slowly into the T
drainage network, gathered for use as a water
resource, evapotranspired by plants, infiltrated Mountainarea Piedmont band Alluvial valley - Coastal plain

into the subsurface to increase groundwater
storage

(2]

Urban areas

P __Reservoir
High absorbance Low absorbance

Urban areas ' ' v

Urban areas

28,

Urban éonwnlnanb
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