US |s-
@ Biochar and Bioenergy

Q@ Colorado State University

July 3, 2019

CARBON MATH

Kathleen Draper
Ithaka Institute for Carbon Intelligence

Albert Bates

Global Village Institute

for appropriate technology

',

@, A . \‘\“age/ ™
THE MMONWEALTH B - ecosystem restoration A o / % 2342< N\ gioeh
@INNOVATION HUB lthaka nstitue GEN (l camps o \\ ".3-!.;};;‘;?" I
clouanurs AppptThlgv -



http://GVIx.org

b) Projected global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)
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hat IS Biochar?



Biochar is using fire to remove carbon from the
atmosphere, turning it into coal and burying it in
the ground for thousands of years.

Biochar supports food, water, shelter and
financial security.



Summary of Biomass Availability Scenarios

JE Amonette 08Nov2010

Feedstock

Cereals
excluding
rice

Rice
Sugar cane
Manure

Biomass crops

Harvested
wood

Forestry
residues

Agroforestry
Green waste

Total

Biomass availability in scenario (Pg yr')

Alpha Beta MST
pM |c| pMm | ¢c| DM | C
0.17 1007 029 | 013 042 | 0.18
052 022 060 | 025 067 | 028
020 (009 024 |0.11 027 |0.3
031 |0.10 045 | 0.14 059 0.9
063 030 094 |060 125 |0.60
005 003 013 007 021 | 0.10
029 |0.14 029 | 014 029 |0.14
0.13 006 070 | 034 128
0.01 08a4 005 A 0.07
2.3 3.7 e 5.1

IMPACT

OUTPUTS APPLICATIONS

INPUTS

bio-oil

syngas energy
process heat

other cereals
sugar cane

PROCESS

pyrolysis

avoided emissions

enhanced primary productivity

Woolf-Amonette 2010
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Potentials for atmospheric
removal in gigatons of CO2
per year using biochar

@ Construction aggregates
and filtration media

® Sand
Asphalt

@® Soil

® Other

1.8 GtCO2/y

Pyrolysis feedstock sources
in gigatons of C per year

Seaweed
® Crop Residues
® Sludge

0.1 GtC/y

Bates and Draper, 2019

CO2
removed by
photosynthesis

APPLICATIONS

OUTPUTS IMPACT

BIOREFINERY
CO-PRODUCTS

rice

agricultural
residues

sugar cane
ENERGY

CO-PRODUCTS

marine crops

a2 avoided landfills avoided soil emissions

g 2’: _ & incineration avoided biomass decay “
= w5 avoided mining o
= o § agroforestry avoided production b
= g ) avoided transportion E
i ‘5 %3 _ avoided energy o
o 74 avoided antibiotics o
g mill waste —E‘é avoided colloidal silver '§
£ 7 avoided CO2 = =
= = % avoided CH4/N20 z
© £ i = avoided fertilizer = AGRICULTURAL
o = ©
= 383 wastewater = NON-AGRICULTURAL
= = biosolids climate @
c o wn c
@ g o adaptative

g - infrastructure

pyrolysates

stored carbon low-grade biochar

carbon fiber

activated carbon

carbon black

- , & aggregates
nonrecyclables = | o : cement
: 4 rRES S 4 : asphalt
chemical precursors

seaweed

p polymers
. SRS : batteries & fuel cells
Ty R R supercapacitors
RS S scrubber filters
inks and toners

3D printing filaments

net sequestration / drawdown

BIOREFINERY

Bates & Draper, Annual Meeting of the Society for Biophysical Economics, 2018



NEW ECONOMY

“It’s not the Industrial Revolution but its a carbon copy.”
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Agriculture, Retail Garden, Landscape, Turf, Horticulture

Farm and Consumer products
Biochar, Compost
Composted biochar (5%-20% biochar)
Biochar-Based Compound Fertilizers (15%-25% biochar)
Biotic Soil Amendments(biochar + organics+ minerals and biologicals)
Granulated products for hydro-seeding

Environment, Remediation, Erosion Control

Forest Fuels and Reforestation

Sewage Treatment, Solids and Odor

Mine reclamation, Oilfield remediation, Filtration
Stormwater filtration, water treatment

Non-soil carbon product
animal feed, building products, odor control, food
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CURRENT Anthropogenic CO2-e/y in gigatonnes: 40

Do the Math

Construction aggregate displacement

Global cement production by weight (2017): 53
Convert 20% to biochar: 10.6
With 82% C content: 8.7

CO2-e drawdown potential: 31.9
CO2-e emissions reduction from cement production: 3.8

Sand displacement

Global sand mining: 15
Replace one third with biochar: 5
With 82% C content: 4.1

CO2-e drawdown potential: 15
CO2-e abated from sand mining & transport: unknown

Asphalt displacement

Global asphalt production by weight (2017): 2.5
Convert 20% to bio-oils, biochar, or pyrolysates: 0.5

CO2-e drawdown potential: 1.8
CO2-e emissions reduction from avoided mining: unknown

POTENTIAL CO2-e/y drawdown in gigatonnes: 48.7




Cascaded Construction: A Fresh Foundation

Spent minerals recovery
media added to concrete

Biochar concrete —
“charcrete” — in
buildings and roads

Spent filtration media
used for mine tailings
minerals recovery

Materials continue to
sequester even after
deconstruction

Biochar used for filtration

media Soil enrichment with

biochar
Biochar made from

sewage sludge



Nicaragua Biochar Roof Tiles Project

* Mix all dry ingredients thoroughly
* Add water as needed

* Add concrete or polymer mix to flat
tile mold

e Vibrate to remove air bubbles

imple
ardscaping for
* Transfer tile onto curved CI | mate
mold using plastic sheet
o |t takes ~2 weeks for the tile a d d ptatIO N

to cure




Stone chips / crushea
granite (2-6mm)
6/8 volume parts
+ nutrient-enriched biochar
1/8 volume parts
+ compost
1/8 volume parts



Stockholm Biochar Streets

Project

FHK 161108

1 Paved surfaoce ond bose course
L. Stormwoter gutter

X Asraationwaell: Indet Tor water ond axygen tLarbon
dicxide exchamnge

4. Surfoce grid

5. Stone mulch, crushed rock 4.8 mm

STRUCTURAL SOIL
WITH BIOCHAR

The City of Stockholm have set as a goal to create sustainable and
durable plant beds from locally sourced materials. Structural soils with
biechar binds carbon from the atmosphere and reduces leaching of
nutrients.

&. Rootcollar at rursery growing level

7. Crushed rock 4-8 mm with 25 volume -X blochar
with added rutrients

8. Concrete bunker

9. Geotaxtiie

10. Laveling layer, crushed rock 8- mm
M. Laveling loyer, crushed rock 24 mm

12. Structurol sofl with bilogchar, crushed rock 32-63mm
and 15 volume- X bloghar with odded nutrents

13. Blochaor
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4. Crushed rock 3283 mm in on oprox. radhus of OS5 m

Several problems — with a common solution

WITH BIOCHAR:

Trees stopped dying, grew 10x faster and in
difficult locations

City reduced the risk of flooding from extreme
storm events

Cleaned street water effluent before it polluted
Baltic, saving nitrogen and potassium

Reduced the presence of particles and carbon
dioxide in the air

Reduced the heat island effect

Locked carbon into the ground, meeting the
Paris goals

A cascade of solutions from a single strategy



Paints and Plasters

w

* Decrease weight, increase compression & flexurar stren
fire resistance, electromagnetlc shielding, humidity control
insulation

* Improved longevity, durablllty, heat resnstance ruttmg
resistance. STl ey .
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Biochar Biocomposites




Filtration Nation

Water

 Prevention of Contamination
« Decontamination

Soils

* Reclamation

« Immobilization
* Retention

Removal of E.coli, fecal coliforms, lead, cadmium, arsenic...



Carbon Black
Activated Carbon
Think: spider silk!

| CEMENT COLOR

S
Premium, fade-resistant 3;
B additive for coloring concrete masonry, 4
B mortar, pavers, retaining  walls, Net Wt
S stucco, and roof til 1 kg)

% ucco, roof tile mixtures. ; 11b (.45
| @NEWLooK

Rubber soles




arbon Comfort: Reimagining Everyday Life

Biochar Products Today

What does the product target?
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Pets, Personal Care
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CHARCOAL
TOOTHPASTE

vV No Fluoride
Vv No Glycerin

v No Artificial Colors

HARCOAL”
TOOTHPASTE

Net:100g

TOOTHBRUSH AND TOOTHPASTE KIT
Net:100g
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# Strong clumping action
# Safe for pets and people
# Superior odor and moisture absorption

# 10Ibs of Switchgrass Natural Cat Litter
is equal to 27.51bs of typical clay litters

¥ Less dust than traditional
clay litters

Net Weight 10Ib (4.35 kg)




My Tesla Runs on Banana Peels

Energy Storage
» SuperCaps
 Lithium sulfur

4 Bio~Char Graphite S = '

b
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i
Biomass Li~ion Batten

3D printed precursors from biomass =t ’ . | N, © n ST

https://chembites.org/2018/11/14/making-new-batteries-using-
burnt-plants/

Elastic modulus of 6.62 GPa

https://ars.els-cdn.com/content/image/1-s2.0-S1359836818309661-fx1_lIrg.jpg




Carbon Math

* Fossil Carbon: Coal, Petroleum, Gas

* Phot thetic Carbon:
 Industrial Agriculture; Land Use Change otosynthet

) . * Forests
* Built Environment; Cement, Alloys,
) * Crops
Plastics
* seaweed

* Linear Economy: Industrial Pollution;
Landfills, Solid Wastes, Disposal by decay
(CH4) or burning (CO2)

* Soil Carbon

* Photosynthetic Carbon: forests, crops, * Biochar
seaweed :

» Secondary photosynthetic Carbon:
sludges, manures, woody wastes
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Residual Heat
Biomass 100% Biofuels

Hydrogen

Bio-oils & Co-products



It is technologically possible to redeem the
atmosphere to its pre-industrial condition, but
only by following these specifications:

* |ow-cost

* rapidly deployable

* hugely scalable

e capable of quick political and social acceptance

* without the requirement of carbon taxes or offset
market subsidies

* antifragile

* have adequate incentives to function in the absence
of the petroleum economy

* not endanger ecosystems

* not impoverish individuals, sectors or countries.




KEEP

CALM

WE ARE
EXPERIENCING

PARADIGM SHIFT




Options are limited.

S Try biochar-:
l/.. safe, scalable & shovel

ready
. Adpmat SN L TS
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One of only 6 negative emissions technologies the IPCC believes can materially help rebalance carbon
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Please support
our continuing research
and development of these
exciting solutions!
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