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Abstract:

A Biochar production methods exist frolmboratory to industrial scaleswith
corresponding differences in quantities produced, costs of equipment, operational
expenses, numerous associatedproducts, and net cost per tonne.

A Smallscale and largescale devicesrelyodza S 2 F GKS LI NRE &UdA
thermal energy or chemical cproductsto attain financial sustainability while producing
biochar. Mid-scale devices focus more on biochar productioften with no use of the
woodgas that must be cleanly combusted.

A Specific examples are presented:

A 1. TLUDcookstoves and barrels

A 2. Flamecap(flame-curtain) or cavity kilns (open top)
A 3. Rotatable Covered Cavity (RoCC) kilns

A Emphasis is given to ttimancial aspects of biochar productioimcluding CQ
removal (CDR) credits for economic sustainability.

A Implications of biochar production for theimate crisisare presented.



The resources page of the
Woodgas Internationailvebsite

https://woodgas.com/resources

has links to numerous documents,
iIncluding mywhite paper

Climate Intervention with Biochar pecember 2020

The 40slide deck for today's brief presentation is also
available at this web page.


https://woodgas.com/resources
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Pyrolytic Technologies for Dry Biomass Fuels
Are NOT Specific to Sizes gf Devices
Without oxygen Limited oxygech oxygen
Retort Gasifiers (various types)"Conservation burn®
Laboratory Glowing pyrolysis (TLUDAIr curtain machines
Adam retort Flame cap (Cavity kilns) Industrial furnaces

Rotary kilns ~ Open top: Pit;: trench; Incinerators

trough; pyramid; cone; Forest fire
Technical Note: -
Not referring to the Kon Tiki

oxygen that is in every

hydrocarbon molecule Covered tOD:"4C kiln"
ofblomass. and RoCC kiln




Sizes for Pyrolytic Biochar Production

Classified byOrders of Magnitudeof input of biomassper 10hrs of operation

Objectives i f
AL aboratory (< 1 kg) R&ID e Sgggn Orders of Magnitude
grams to tonnes.

AMicro (1to 10 kg.)  Cooking

ASmall (10 to 100 Kg)  paking
AMidi (100 kg to 1 ton) Biochar

AMedium (1 tto 10t) To be determined

AlLarge (10 ton to 100 Gharichem/power
Alndus’[rial (> 100 t) CHRchar secondary)



Sizes for Pyrolytic Biochar Production
Classified byOrders of Magnitudeof input of biomassper 10hrs of operation
Biomass input per 1 hour: Biochar yieldest)

ALabOratOry (< 1 kg) < 100 grams Biochar as % of weight

of dry woody biomass.

AMicro (1 to 10 kg.) 0.1-1 kg. (cooking 1 hr.) 18¢ 22 %

ASmall (10 to 100 kg) 1- 10 kg. 15¢ 25%
AMidi (100 kg to 1 ton) 10¢ 100 kg.

AMedium (1tto 10t) 100 kgq 1t 15¢ 25%

AlLarge (10 ton to 100 t) 1¢ 10t (highvolume) 5¢15%
Alndustrial (> 100 t) > 10t 3¢ 10%



Sizes for Pyrolytic Biochar Production

Classified byOrders of Magnitudeof input of biomassper 10hrs of operation
Biomass input per hour: Est. equipment costs:

ALaboratory (< 1 kg) < 100 grams  Highly variable by
AMicro (1 to 10 kg.) 0.1-1 kg. location and features:
Cookstove: US$30200
ASmall (10 to 100 kg) 1- 10 kg. TLUD barrel: $20100
AMidi (100 kg to 1 ton) 10¢ 100 kg. Flamecap: $200 1200
ROCC kilnsman $100- 1000
AMedium (1t to 10 t) 100 kgclt  RoOCC Kilnmedium $2Kc 10K
ROCC Kilnarge $20KC 80K
ALarge (10tonto 100t) 1¢10t Rotary kilns: $120K 5 M
Alndustrial (> 100 t) >10t Industrial sites: $millions




Sizes for Pyrolytic Biochar Producticd©OT my topic

Alr Curtainfor Biomass

Industrial furnaces
for heat with char
In the ashes.

AlLarge (10 tonto 1001) |
Alndustrial (> 100 t)

Char production is secondary




Sizes for Pyrolytic Biochar ProductionvlICIo
AVAILABLE for projects in Africa, Asia & Latin America !!

AMicro (1 to 10 kg.) ACookstovesor heat; char is secondary

A~0.8 ka/dav of biOCharATLUD (Tofhit UpDraft)make very good char.
_ ;308 kg/illr/family AResidential & institutional stoves

ANearly 100,000 TLUL | -
stoves in West Benge
and Assam, India
= ~80 tonnes/day

AWorld potential:
> 75 Mt/yr of biochar A

= 0.25 Gt CDR/yr ~ FABsTove °F
Forced air (FA) Natural draft (ND) "Champic




Sizes for Pyrolytic Biochar Production
LUD barrels:

Singles or multiples
Very low cost for good biochar.
Must havedry fuel!!
Needs labor; Never automatedsm

ASmall (10 to 100 kg)

AMidi (100 kg to 1 ton)
Making Biochar

Retorts:

Adam Retort
Moderate investment
Not automated




Sizes for Pyrolytic Biochar Production 1
Flame capgopencavity kilns):

Pit and trench designs =71
Substantial physical labor ~ i 8 ™
Do not scale to large volume. .. 28 ;~

Difficult to stir or mix

ASmall (10 to 100 kg

AMidi (100 kg to 1 ton) - t
Trough




Usable
Heat

Sizes for Pyrolytic Biochar Product
Flame cap(coveredcawty kilns):

) 6

w ()

ombu ngll Woodgas
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Creatlng Woodgas and Char_

rom Biomass
N e

-
ASmaII (10 to 100 kg)
AMidi (100 kg to 1 ton'




Shared Flame Cap Features

The RoCC Kiln Technology

* Flame Cap (aka Flame Curtain) pyrolysis
technology is accomplished in cavities with
closed bottoms and open tops.

* "4C kilns" were covered cavity kilns that
were not rotatable. [~ 8 made between 2014 and 2019.]

Open Top '
Cavity Kilns

* Rotatable Covered Cavity (RoCC) kilns from 2019.

Advantages of RoCC:

Heat, flames and emissions rise away .
from the flame cap. .
Combustion of pyrolytic gases occurs

with turbulence. .
Pyrolysis of biomass occurs because

of the heat of the cap of flames. .
Char accumulates in the lower areas .
where oxygen cannot reach because of

the cap of flames. .

Flame is protected from wind & rain. n\

Longer heat retention in the
combusting gases.

Created heat can be directed to
uses via chimneys.

Chimneys can assist with draft.
Rotation mixes the char to assure
that all the biomass is pyrolyzed.

Rotation to easily empty the char.

¢.

Covered Cavity Kilns




Four Sizes of ROCC Kilns (s oty 20z
Approximate diameters are 2 ft, 3 ft, 4 ft and 6 ft.

[ All of these are pre-H-Frame designs. They are discussed in other presentations.]

23-inch diameter (590 32-inch (800 mm) Below: 48-inch
mm), (200 L or 55-gallon Diameter x 48-inch (122 cm diameter)
Barrel-size kiln) In Kenya, (1220 mm) Length x 60-inch length.
rear viewer (not in the unit in India. In California, Feb
normal operational Front view at right. 2020.

position.) Rear view below.

vv 100 to 1000 kg/day biomass input wv

Above and below:
72-inch (6-ft, or 1.8
meter) RoCC kiln
inside a 20-ft
shipping container

w/ mechanical rotation




Sizes of RoCC Kilns: Mgk Dia.)

Barreksize kilns: (100 to 500 kg/day biomass input)

Upper leftis front 38-inch (970 mm) \
view in lllinois, USA. Diameter x 48inch
(1220 mm) Length [
unit in India. (&
Front view at right.
Rear view below. E

In Kenya, lower left is
front view and below
IS rear view when

not in the normal
operational position.

Prior
presentations
about RoCC
technology are
at

www.wood

gas.com/res
ources



http://www.woodgas.energy/resources
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Sizes of RoCC Kilns: Lar{gtelo tonnes/day biomass input)

AForestry "residues” J

AAutomation is possible

ACurrent largest is 6 ft
diameter x 7 ft length

ABiochar production approx.
0.5 tonne per day

AWill enlarge to 8' x 20" for
logs. Largest size is not yet s
known. — |

AChallenges: ‘

AFunding. Seeking investor( g
AMore R&D participation  §

S5y :_ . s i BN >
) . AN e

Implementation partners: Seneca (NY) and Maidu (CA) Tribal Nati(ein USDA fumr’lds).



(Revised version 20206-22; Draft still in need of

timated variability of +50%)

Selected Sizes of ROCC Char Maker gt oncoumns
A B D E

G I
Midi Scale Medium Scale| Medium Scale | Large Scale Large Scale
Name & Size >>>|Barrel (Home) | Utility - A Utility - B Bulk Service Container(20-t)
2Dx3L(ft) ([4Dx5L(ft) [4Dx8L(ft) [6Dx14L(ft) |8 D x 20 L (ft)
8 D x 8 L (ft) 12 D x 9 L (ft)
Volume 9 ft3=0.25m3 |62 ft3 = 1.7 m3| 100 ft3 = 2.8 m3|400 ft3 =11.3 m3 | 1000 ft3 = 28 m3
(55 gallon) (464 gallon) (750 gallon) (3000 gallon) (7500 gallon)
(~ 8 barrels) |(~ 14 barrels)
Fuel input (kghr) ~25kg ~5Mbs | 180-200 kghr|250¢ 300 kg 1000 kg 2.5 t/hr
(Extrapolation from Col B| (-3 to ~2.5 Quarter ton /hr~ |~ One ton / hour |~ 25t/ workday
(Based on volume; less ifl kg/ft3/hr) 5t/workdayor |~ 10t/ workday |(Probably is high,
based on horizontal area > 2 cords. but certainly at
of flame cap pyrolysis.) least 10 t/ day)
Char output (kghr @ |5 Kg -1 wheelbarrow | 40 kg 50 kg 200 kg/hr 500 kg/hr
20% vyield) [ CO2e [18 kg ] [ 146 kg ] [~ 183 kg] [0.73 1] [1.81]
reduction per hour] (~1.8 tCO2e/day] (~7 tCO2e/day) |[(~1.8 tCO2e/day)
Thermal energy output 300 MJ 2400 MJ 3000 MJ 12 GJ Gigajoules |30 GJ
as 70% of totaf3o% in char) 83 kWh 666 kWh 830 kWh 3 MW:h 8 MW:h
12 MJ/kg/hr 8 BTW/hr 284 K BTL 2.3 M BTL 2.8 M BTU 10 M BTU 28 M BTU




RoCC kilns with Hframes as built in Kenya

These are H-rame kilns, the preferred design for fabrication. The "H" is seen at both ends of the kiln.




Two RoCC kilns
with X-Fr

A biochar discharg
shelf to be under
the kiln barrels.




End Stands, not frames




"Over c Under"
Double barrel RoCC kilns

RN 3 R ; T

2-barrel
RoCC kiln
with lid




End stand with
attachable wheels|@




Wheel attachment for transport.

Better if metal wheels because rubber and inflated tires
cannot be close to high heat



