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Biochars (BC): plant biomass
heated without oxygen (pyrolysed)
used in a way that carbon remains
= stored as a long-term C sink

* pyrolysis produces also bio-
oil, syngas and heat energy

« Some BC properties overlap
] BIOMASS
with charcoal as an energy BIOCHAR
carrier

* but many types of biochars
are hard to burn

» charcoals not intended for
use as a soil amendment

50% lessv,:,w,ho

long term

PYROLYSIS carbon sink

www.carbofex.fi/biochar
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In high pyrolysis temperatures
C becomes aromatic,

other substances removed
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Flgure 5.1 Biochar carbon structure relative to highest treatment temperature. Inset (a): Increased
degree of aromatic carbon, highly disordered in amorphous mass. Inset (b): Growing sheets of
turbostratic aromatic carbon. Inset (c): Structure becomes graphitic with order in the third direction
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https://books.google.fi/books?hl=en&lr=&id=gWDABgAAQBAJ&oi=fnd&pg=PA89&dq=Characteristics+of+biochar:+physical+and+structural+properties&ots=tZUlxWIYjW&sig=yUy0RYHu0aYU_FjKCBhiuuKv-cc&redir_esc=y#v=onepage&q=Characteristics%20of%20biochar%3A%20physical%20and%20structural%20properties&f=false
https://www.mdpi.com/2073-4395/11/4/615/htm

Aromatic biochars have high
stability ( ... 4000 y) in soils

Net carbon withdrawal Net carbon withdrawal

* If mixed with soll, can draw RS s
down CO, from the P
atmosphere { il

=..1.8GtC y!

- Alternative practices
...1.5 Gt of C annually

reducing global
warming

%05 9seajai uogier

(Woolf et al. 2010, 2016)
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https://www.nature.com/articles/447143a
https://www.sciencedirect.com/science/article/pii/S0038071713004653

Production of biochar for urban purposes:
Flame-curtain/ Batch reactors/ Continuous

Continuous: Pyreg in Stockholm
in Tampere:
largest factory in Europe

Batch reactors

§7CARBOFEX e
NO.I Tacilty In Europe

\_ Pyrolysis gas
1meorg

NEUTRALIZE YOUR EMISSIONS NOW —



https://youtu.be/j8xQf-pW_Bw?t=119
https://www.carbofex.fi/
https://youtu.be/j8xQf-pW_Bw?t=119
https://youtu.be/j8xQf-pW_Bw?t=119

Biochars are different:
certification

O
Class | (Feed), Il (AgroBio), , IV (Material), v (urban, lsunched soon)
1. Raw materials <
* Positive list
2. Chemical properties
- C 35-95%
- O/IC<04
* HIC,,<0.7
3. Contaminants
Heavy metals
« PAH<4 (1 &1/ 30 (IV) g t?
° -1
UNIVERSITY OF HELSINKI  Priit Tammeorg e

https://www.suomenbiohiili.fi/wp-content/uploads/2020/02/Hankintachje-1.0.pdf


https://www.european-biochar.org/media/doc/2/version_en_9_3.pdf
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1. More stable C to soils

Pyrolysis temperature >500 °C:
high aromaticity

raw material affects less
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https://www.sciencedirect.com/science/article/pii/S0165237015304022
https://link.springer.com/article/10.1007/s42773-020-00067-x

1. More stable C to soils

C stability affected by BC properties
and environmental conditions

O
* HIC,, ratio easy to measure, correlates well with aromaticity

4V}

y=-74.3x + 110.2 If one knows H/Corg ratio of a biochar, can use formulas

r’=0.50 to calculate the stability
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https://www.biochar-international.org/wp-content/uploads/2018/04/IBI_Report_Biochar_Stability_Test_Method_Final.pdf
https://www.sciencedirect.com/science/article/pii/S1618866720307561#bib0155

2. More nutrients and water available

Higher water retention capacity and
nutrients (especially K)

[]
100
+25
90 ) ]
Agricultural field 17
80 experiment in Helsinki
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0

SOC, g/kg K, mg/L

OControl m20tBC/ha m30tBC/ha
5& 10 t/han.s.

effect dose-dependent
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« Similar results from urban study from
Australia

» Greenwaste compost and eucalypt biochar

« Lower bulk density, higher available water
content

» Less water stress for trees, better growth

oo on 9 50 S
- T

Plant sand
available

water <y @ 51 & & &
Control Tillage Tillage + Tillage + Tillage +
compost biochar compost &
biochar

A B e a Daa


https://www.sciencedirect.com/science/article/pii/S0167880914000292
https://www.sciencedirect.com/science/article/pii/S0048969719357316

2. More nutrients and water available

Long-term fertilization effect
for P, K, S, Cu & Fe

BC effect to crop biomass nutrient concentration over 8 years,
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https://www.sciencedirect.com/science/article/pii/S0167880921001584

3. Less nutrient losses

Porous biochars can reduce
nutrient losses from solils

[ |
N,O emissions NO, leaching
Particle size Fine*** —_— Particle size Fine
Particle size Coarse*** Particle size Coarse
pH <7.8** —— pH <7.8*
pH 7.8 - 8.9%** T pH7.8-89
pH 8.9 - 9.6*** — T pH8.9-96
pH >9.6*** — T pH >9.6**
C <460
C 460 - 650*** v C <650*
C 650 - 780*** - wr] C 650 - 780*
C >780* —_— T C >780
N <3.3** - w N <33
N 3.3 - 5.9%* —w N33-59
N 5.9 -12.8*** - v | N59-128
N >12.8** - % N>12.8
C/N <50** - @ C/N <50
CIN 50 - 100*** | - C/N 50 - 100
CIN 100 - 200*** - e C/N 100 - 200**
CIN >200** T C/N >200
Overall effect*** Overall effect
S S S S S S S L ' ' ‘ ' ' '
N © o ¥ el v o) 93? sg P? (’{? < ;9 N S
Biochar induced change / % Biochar induced change / %

Impact of various biochar properties (particle size, pH, carbon [C; g kg—1], nitrogen [N; g kg—1], and C/Nmass ratio) on soil N20 emissions, NO3 - concentration in soil after study, and
NO3 - -leaching during study. Data are shown as estimated mean effects and their lower and upper confidence intervals (95%). Circle size indicates number of observations. Solid
vertical line indicates mean of control treatments and dashed vertical line indicates mean of overall effect. Probability levels are indicated by asterisks (*** for P < 0.001; ** for P < 0.01,

and * for P < 0.05).

. na0 _ a0
eamenomero | OVerall, N,O emissions -38%, NO,™ leaching -13%.
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https://www.sciencedirect.com/science/article/pii/S0048969718339330#!
https://www.sciencedirect.com/science/article/pii/S0048969718339330

3. Less nutrient losses

Cleaning stormwater in filters
example of streams in Minnesota, US

Suitable BC has
* High SSA and porosity

* Wood, 500-700 °C

Iron and biochar sand filters * treatment of BC with Mg

x * improves P adsorption

* |less with Fe
— ( )

Mverage Removal Efficiency To Date

100% 929% 94%

50% 83%8?%
80% i 72%
70% 64%
60% 54%
- A9%
395 A2%

40%
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10% . 0%

0%

Champlin Crystal New Hope Robbinsdale Filter Box WWW.helSinki.ﬂ/y“OpiStO 6/2/2021

EE.coli mTP mDissolved-P


http://www.shinglecreek.org/biochar-filters.html
https://link.springer.com/article/10.1007/s11368-018-2197-7

Hyvantoivonpuisto demo

Jatkasaaren Hyvantoivonpuisto

‘ ir ¥@ Climate—KI

L]

" Climate-KICis supported by the
e Ty Aalto Universlt EIT, a body of the European Union
INIVERSITY OF HELSINKI atto University

Deliverable 2 of Carbon Lane project
Design support for the carbon drawdown demonstration area
in Jatkasaari, Helsinki

Report on principles of urban demonstration areas for carbon
sequestration

Helsinki

N

Pdivi Soronen, Anu Riikonen, Esko Salo, Minja Koivunen,
Suvi Tikka, Sushant Passi, Anna-Reetta Salonen, Mikko Jalas, Priit
Tammeorg

December 2019

[ ] Climate-KIC is supported by the
UNIVERSITY OF HELSINKI EIT, a bady of the European Union
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Hyvantoivonpuisto demo

Demo area In Jatkasaari, Helsinki
since 2019

Ao Helsinki @ Climate-KIC
] L_ __J

» Started within

ET dyfhEmann

+ 80 trees (partly in structural soils)

* Treatments randomized and
replicated (compromises)

* 6 growing media inc. 5...25%
biochar

* BiHii, Biolan, Carbofex, Kekkila,
Tieluiska, HSY control

Bound f experimental
Jatkasaaren Hyvantowonpunstossa I I
tehdasn kaupungin viheralueiden o
hiilensidontaa edistavaa tutkimusta

Jatkéasaari
20. marraskuuta 2019

\ ) A
Lawn / meadow /.
. i V4
. //
S(_:h_emat_lcs by .7 ,//
Minja Koivunen A\ 7~ ;


https://www.aalto.fi/fi/carla

] Hyvantoivonpuigto demo @mem
We will follow-up  =A. “===

the demo park
2019-2021 baseline establishment

............

2019

* Planting soils applied, first samples
2020

 Trees planted, measured twice
 Soil samples, C fractions

2021

» 8trees replaced (poor tree quality)
 Tree measurements

« Water Retention Capacity
 Reportin 2022

Maiju ja “Yya Rikalan
G PUUTARHASAATIO
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https://www.aalto.fi/fi/arkkitehtuurin-laitos/hiilipuisto

Hyvantoivonpuisto demo

So far, trees doing good in all
solls

* Differences about to appear
» Some fluffier soils shrinked

- Heavy metal contents below
limits

* Lessons learned:
« Compromises due to resources
« Common criteria for testing
materials (e.g. nutrients)
» Good documentation!

See soon:

HELSINGIN YLIOPISTO Tammeorg et al. Co-creating urban carbon sink parks: case Carbon Lane in Helsinki. In review.
HELSINGFORS UNIVERSITET

UNIVERSITY OF HELSINKI www.helsinki.fi/yliopisto 2.6.2021 16



Hyvantoivonpuisto demo

The work continues:
We will follow-up the demo park
also In coming years

O
« Continuing monitoring of

* Soll carbon
* Soll nutrients
* Tree health, growth

HELSINGIN YLIOPISTO
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[ Conclusions

%Wood biochars safe for C sequestration
H/IC,,, < 0,4 leads to stability 500+ y

* BCs typically increase solil nutrient and
water availability

* Reduce nutrient losses

* Hyvantoivonpuisto demo area baseline
measurements 2019-2021 promising

* Long-term follow-up and reporting
needed
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AgriChar research group biochar-hy.blogspot.com
aalto.fi/fi/arkkitehtuurin-laitos/hiilipuisto
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eit ) Climate-KIC

Climate-KIC is supported by the
EIT, a body of the European Union
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