b

Aplikace biocharu:
mozZnost jak sniZovat svoji uhlikovou stopu
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Co je to BIOCHAR?
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BIOCHAR SOILS OF
THE'AMAZON
Yirka (2014); Lehmann et al. (2007) : "
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Definice biocharu

Pevny material ziskany
tepelnym rozkladem
biomasy v prostredi s
omezenym pristupem
kysliku (pyrolyza).

Diky svym jedineCnym
vlastnostem by mohl byt
biochar vhodnym
opatrenim pro soucasné
globalni vyzvy, jako jsou
negativni dopady sucha a
projevy eroze pudy.

BIOCHAR SOLUTIONS FOR SOIL FERTILITY
AND CARBON SEQUESTRATION
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POUZITI
BIOCHARU

Socialni, environmentalni a ekonomicky benefit
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Pyr0|y’za Y Biogreen®

Karbonizace (pomald pyrolyza) =
— nejcastéji pouzivana \

technologie
— doba zdrZzeni cca 2 hodiny
— vytéZek biocharu (az 35%)

Condenser

Sl e
. '/éIO-OII

Hydrotermalni karbonizace Biochar

— pyrolyza biomasy pfi teploté Agltator mobor
180-300 ° C ve vodé po dobu 30
minut az 16 hodin pod tlakem

Prassure

— vytéZek az 70% hydrocharu ;mere
Rychla pyrolyza; zplynovani
Kratkd doba zdrzeni (maximalné Heater pocRosovery
nékolik minut) —E—Tc -
— Vytézek biocharu do 10%; vysoka == - Condenser
produkce plynu Niogen B | coma

Autoclave reactor

Recovery
produced gas
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Vlastnosti biocharu a jejich zavislost na teploté pyrolyzy
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,Pyrolyza po domacku”
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Biochar pod mikroskopem...

e Porézni material 4

» Vysoky specificky povrch (cca E -
X00 m?/g) ¥

e Pritomnost funkcénich skupin

e Zasadité pH (7 -12)

* \ysoké hodnoty KVK (10 — 40
cmol kg1)

HO COOH COOH OH




Czech University of Life Sciences Prague
_ g' Faculty of Environmental

Sciences

Pozitivni ucinky
aplikace biocharu
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Zpracovani bioodpadu za snizenych emisich CO,

. Biomass with :
Water, Wind, Solar Biochar Sequestration Coal, Gas & Qil
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Zvysovani retencni schopnosti pudy

0Z! ejte: jak &
Jsme uznéval

k zhavym P

7 giroké nabidky

Soil water content [cm3/cm3]

—O— Standard soil (van
Genuchten, 1980)

= @ =Plus biochar?

0.1 1 10 100 1000 10000 100000 1000000
Pressure head [-kPa]

=1 PR RLJBLE WD
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Mensi aplikace hnojiv diky lepsi retenci a distribuci zivin

v
Biochar Improves Nutrient Cycling + Nutrient Uptake

300 mg/L

CoolTerra ®
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Zvyseni produkce péstovanych plodin

? 15 ton/ha with biochar

no biochar v

:{ :
0 ton/ha

BC
5 ton/ha



100

Bio-char

Carbon remaining (%)
g

Un-charred organic matter

Czech University of Life Sciences Prague
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SHORT TIME EFFECTS:
* INCREASE OF DISSOLVED
“4 ORGANIC CARBON AND
DISSOLVED ORGANIC NITROGEN ¥,
* INCREASE ENZYME ACTIVITY |, ‘ TN i R
* ALTER MICROBIAL COMMUNITY | : ) Bzl s
y STRUCTURE A B ',‘ s (”I\J me acin l[_l

*acceleration of C and N

10 A
Al Ll L)
2 3 4
Years
Biomass carbon
100%
Energy

Production
Biomass carbon Bio-char carbon

100% 50%
Biomass carbon Bio-char carbon

0% >40%

Mierzwa-Hersztek et al. (2019)
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Zvysuje pudni diverzitu (mikrobialni aktivitu)

= =» Decrease

) |nCrease

,\_,/'—~‘ Diffusion

Rooel exudates Thermomonosporaceae
- Sphingomonadaceae Frankiakese
\‘ . Acidothermaceae Rhizobl, i

- Good«mbphﬂacnc

— S 030

Collulomonadaceas ., .. 4

Anderson et al. (2011)



_ 4 Faculty of Environmental

Sciences

Urychluje kompostovaci proces

BULRUSH

OWING EXCELLENCE

\

PEAT FREE
SUBSTRATE

(=2 B |
o o o

Moisture (%)

w
(=]

0 50 100
Days

Treatment
-~ C0 -« C4 = C10

Teodoro, Trakal et al. (2020)
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Vyznamna sorpce kontaminantu na povrch biocharu

S
I it

Wy o2
Surface complexation

"S0-C=0 R-O-H

% lonic exchange

o

&> - @
Physical sorption on

Electrostatic surface sites

interaction

yyyyy
iex

Surface
precipitation

s

Inyang et al. (2016) Crit. Rev. Environ. Sci. Technol.
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Oblasti vyuziti biocharu v ramci CZU

Prumysl
— Vyroba tepla a energie
— Biochar jako biosorbent
— Biochar v urbannich oblastech

Zemeédeélstvi
— Zemeédélska puda
— Vinice
— Zahradnictvi (kompost)
— Lesnictvi
— Chov hospodarskych zvirat
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Biochar v prumyslu
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Vyroba tepla a energie z bioodpadu (i jiného odpadu)

<—Wet air

Metal waste

Storage
area of Separation of Magnetic
wood chips bigger separation of
particles
1 3

Separation of
small

onveyor belt=p» particles

5
Magnetic
Storage of _ — Storage of seps]rsg?: #
oversized ——Air—> BV sle] 100 °C undersized 6
faction faction
A

Ventilator

Gas cooling
Wet scrubber system (3
(Gas cooling) (Baghc:use) heat 700 °C
140 °C
12 1 exchangers)

Filtration
(2 fine
filters, 1
hepa filter)

Filtration

Gasifier

13 10
Ventilator Production
£l o Flyi h
Flue gas 500 °C y'"f % ___Primary_ of producer
. gas and
SRS hiochar
air
Accumulation Cogeneration of electricity and ELECTRICITY -
and mixing heat (modified CKD 65160 — Magnetic

separation of 7
metals

9 ¢——Screw conveyor

(Mix-tank) engines with electrical
14 generators)
15

2x3 valves

‘QRedler conveyor—‘

Packaging
16

BIOCHAR Expedition Storage

18 17

v el Redler conveyor
Metal waste

8

Wood chips  Producer gas  Biochar Other
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Vyroba tepla a energie z bioodpadu (i jiného odpadu)

QUERY®WATER
Patentovand technologie pro vyrobu Cisté pitné vody pfimo ze vzduchu
* Jednotky kondenzuji vodu absorbovanim okolniho vzduchu do rosného bodu (vhodné také pro oblasti s nizkou vlhkosti)

SKLENIK

QUERY®WATER

e

BIOODPADZ ROSTLINNE PRODUKCE
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Biochar jako biosorbent

* Idedlni FeSeni pro upravu i
kyselych dtilnich vod (z =,
tézebnich oblasti) diky
jejich alkalickému pH

* Vysoka sorpcni ucinnost

 Neékteré modifikace
biocharu jeste zvysuji
vyslednou ucinnost

cic, (mg 1”1

Vhodné pro sorpci kovii!!!

Trakal et al. (2014a)
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Biochar jako biosorbent na odstranovani kovi/metaloidi

2000

1500 |+
1000 |+

500 |

]

Type of biomass

3‘ o

4

Agroodpad

Prvkové bohata

biomasa (hroznovy odpad,
rostliny, zeleny odpad,
pomerancoveé kiry atd.)

2. Chlévska mrva

3. Slamova biomasa
(psenice, rakos a dalsi vysoké
trdvy, cukrovd trtina atd.)

4. Biomasa s vysokym

obsahem ligninu
(dfevni stépka, slupky od
orechd, pecky, atd.)

Trakal et al. (2019)
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Biochar jako biosorbent na odstranovani kovi/metaloidi

1000 + 9
] (@“
] NSBC %1’},((\
80+ | @ GSBC v
1 —— Langmuir_NSBC
Langmuir_GSBC
600 +
400 1
] S, = 150 mmol kg
200 j' max g
00/

0.8 1.0 12

C, (MM)

0.2 0.4 0.6

(1) Element-rich-biomass

Grape stalks biochar

GSBC

BET pH CEC
(m?g™) ) (mmol kg™)
72.0 10.0 402

(0]
o
|
T

D
o
|
T

[

Desorbed amount (%)
N

X

o w (e2} [{e]
| | |
T T T

== NSBC
EEm GSBC
n—
0.16
,—l - 0.18
0.01M NaNO, 0.01M CaCl, 0.43M HNO,

(4) High-lignin-biomass

Nut shells biochar \,4"
NSBC rh
Ll S LA
BET pH CEC -y
(m>g™) ¢ (mmol kg%) o
465 8.63 84.4

Trakal et al. (2014b).
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Biochar jako biosorbent na odstranovani kovi/metaloidi
FTIR

Surface complexation

Surface
precipitation

(Mx)m-

lonic exchange

Physical sorption on
surface sites

Electrostatic
interaction

Inyang et al. (2016); Trakal et al. (2014b).

XPS

coo, CO5* n-binding
(1551) {1398} ;,“60
/1 N\ _GSBC+Pb &
7 ! ~ Chelation A
N / N/ 2—\ - cee lon exchange
Ny - C03 e -~ GSBC 5 {PBO, PBO:, Pb;04, PBCOS)
~’ oo |(1397) ~J _5nm
(1571) 1=l
Precipitation |—
{PBCO:; PRA{CO:}{OHE}
GSBC_Onm /
sec.om .
. ——— R 150 145 140 135 130
800 1600 1400 1200 1000 Binding energy (2V)
Wavenumbers (cm™) GS BC
coo
(1573)
NSBC+Pb
CoO n-binding
(1571) lon exchange
NSBC_snm {PBO, PBO:, Pb04, PRCCY)
NSBC
NSBC_Onm
| 150 145 140 135 130
1800 1600 1400 1200 1000 Binding energy (eV)
Wavenumbers (cr”)
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Biochar jako biosorbent na odstranovani kovi/metaloidi

impregnation

Chemical, physical or
processes

Pretreatment of

[Chemical, physical or}
. impregnation
\ biomass

processes

Biochar with well-developed structure = Biochar with poorly developed structure

CEC ° CEC

402 mmol kgt q 400 mmol kg *

CEC CEC '
PE 84.4 mmol kgt Ve q BE 365 mmol kgt

Positive effect Negative effect

NSBC NSBCm GSBC GSBCm

Pbs,., =31.8mg g'1| IPb Smax = 179 mg g'1| |Pb Smax = 595 mg g‘1| |Pb Smax = 247 mg g'll

Trakal et al. (2016); Trakal et al. (2019)
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Biochar v urbannich oblastech

Zelené strechy a
verejna zelen

e Chladici ucinek mést

’

e Zadrzovani
vody

destové

* NizSi pozadavek na péci
o tyto oblasti

* Vyroba biologického
odpadu
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Biochar v urbannich oblastech

Moradni systémy

e Ekologickeé cisténi
odpadnich vod

e Vyuziti biologického odpadu
pochdzejiciho z mokradu
Vyroba stabilniho
organického materialu

* Snizeni emisi CO2

e Vyuziti biocharu jako filtru

Outlet A

M Gravel W Biochar Outlet B : for half-saturated CWs
™ Sand Outlet A : for unsaturated CWs  Outlet C : for saturated CWs
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Biochar v urbannich oblastech — cisteni sedych vod

07/2019

Bézné kontaminanty
Sedych vod:

Substance Function Structure
Methylparaben Preservative, antifungal agent

CHy

o]

~~

OH
Triclosan antibacterial and antifungal oH
agent o
= [} : (=]

! | Benzotriazole Corrosion inhibitor

2l | Diclofenac nonsteroidal anti-inflammatory

drug
<
N
ci

-]




Czech University of Life Sciences Prague
_ g Faculty of Environmental

Sciences

Biochar v zemedelstvi
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Biochar v pudé — experimentalni méreni

y Pl
l ¥ 2ty 0-70,' """"""""""""""" —O— Standard soil (van . . .
| Genuchten, 1980) Water holding capacity values at saturation
0.60 | = & =Plus biochar? 07
Pty
_. 0.50 ; a
E D—D\D\( 5 oo
S . ——
8§ 040 E o8 &
§m § os T RIS
§ g 034 % % 2
0.20 : %
e 5 02 ] R S 3
R : 3 RS S
0.10 e S—_, LICIPF 011 X 3 RS
: ; 00 X X
0.00 | SR - 1+ e i
0.1 1 10 100 1000 10000 100000 1000000

Pressure head [-kPa]

LAY AVATLAGILE WA

Jacka, Trakal et al. (2019)
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Biochar v pudé — experimentalni méreni

Experimenty s pudou:
* Retencni kfivky a K; izotopy *H a **0
* Odbéry pudni vody a analyzy nutrientu (+ kontaminantt)
* Meéfeni pudni respirace (mikrobialni aktivita— CO, + N,0)

Experimenty s rostlinami:
» Sledovani fyziologickych parametrd
* Prvkové analyzy rostlin
e Stresové analyzy rostlin (proteiny, aminokyseliny)
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Biochar v puidé — polni aplikace

e Sorpce zZivin pomoci biocharu

* Vhodné také pro NO;~

* Vhodné pldni aditivum = snizeni davky
aplikovanych hnojiv

* Namaceni biocharu (zabranéni
,primarniho odsavani vody z pldy“ a
prasnosti béhem aplikace)

100000

80000
60000
40000
20000 I
0 - - . —
-

NO2- POA3- Snaz- NHA

Sorbed amount, mg/kg
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Biochar pro vinice

Vinice Cepirohy (30ha)

Hnédouhelna vysypka
Rarita v ramci péstovani
révy vinné

Nestabilita (sesuvy
lokalniho charakteru)

Trvale zatravnené kvuli
vodni erozi

Epizody sucha od roku
2015 — aplikace biocharu v
roce 2020 (cca 2ha)

2019 (B)

- —_—_—-’r_’ﬁ“

Czech University of Life Sciences Prague

Faculty of Environmental
Sciences
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Priklad z Kalifornie

Vinice Quivira

L .
s

»Spaleni” hromady vétvi

* Michani biocharu s
kompostem

* Aplikace do radk
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Biochar v zahradnictvi pro kompostovani

Botanicka zahrada Praha

* Velmi vysoka spotreba
kompostu

* Problémy s prostorem pro
vytvareni vlastniho kompostu

* Aplikace biocharu za ucelem
urychleni procesu
kompostovani

* Vysledny kompost s biocharem
ma:

* \/ysSi obsah nutrientl/Zivin

* Lepsi retencni kapacitu

Easily available water for plants (pF2 - pF3.7, % vol.)

Teodoro, Trakal et al. (2020)
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Biochar v zahradnictvi pro kompostovani

Pore water leakage

100
Low-organic — :‘é
_contaminated soil - — C4
S 10 4
IS .
g
Retail S
compost 'E 1
E
7]
o . -
0.01
- 2+
NO Zn

L I = B |
a2 a0 o

Meisture {%5)
=

]
(=]

0 50 100
Days

Treatment
« CO & C4 = C10 Teodoro, Trakal et al. (2020)
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KGrovcova kalamita na izemi CR

* 53 mil. m3 smrkového dreva je
z 80% mrtvé — vhodné pouze
ke spaleni

e 138 mil. m3 smrkového dieva v
ramci prechodné zony, kde je
kGrovec aktivni

e Jednou z pricin klirovcové

kalamity je sucho (55% uzemi
CR bylo toto Iéto zasaZeno)
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Biochar v lesnictvi

Aplikace biocharu:

. Napadené drevo bude smysluplné
zpracovano
ZvySovani zadrze vody a Zivin v ptdé
Semenacky by mély lépe rist; dojde ke
snizeni umrtnosti
Zalesnovani by tak mohlo efektivnéjsi a
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Biochar v ramci chovu hospodarskych zvirat

* Biochar vysoké kvality - certifikovan
jako krmny material (UKzUZ)
* Biochar zlepsSuje traveni zvirat ©

Pridani biocharu do krmiva pro
hospodarska zvirata tedy:

REDUCED
METHANE
PRODUCTION

INCREASED
GROWTH
RATES

= e T e T ' N S
.rr-'-*"_ - _c:f:-"trw—**s—

M *ﬁ i fpp/l sy
Moy 7 -

INCREASED
FEED & ENERGY
EFFICIENCY

BENEFITS OF
BIOCHAR IN
ANIMAL FEED

IMPROVED
DIGESTION

A)«a

94’

/' ReDUCED
| CHRONIC | INCREASED |

‘ x
\  BOTULISM @uuy
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Take-home-message

Uhlikovy
cyklus s
omezenymi
emisemi CO,
o atmosfér
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Vo 44

Bézici/ukoncené projekty na téma BIOCHAR

< LTE119008 INTER — EUREKA (MSMT) AgriClima — Vyvoj inovativnich klimatickych (monitorovacich a
varovnych) systémU pro efektivni management Zivin a vody v pldé v ramci spoluprice s EU-CELAC
(2019 —2022; 6 mil K¢)

% QK1910056 NAZV (MZe) Dlouhodoby test aplikace biocharu vyrobeného z odpadni biomasy do
zemédélskg’ pady za ucelem feSeni problematiky sucha v intenzivné zemédélsky vyuzivanych
oblastech Ceské republiky (2019 —2023; 15,2 mil K¢)

% (C€Z.02.1.01/0.0/0.0/16_026/0008403 OP VVV (MSMT) SWAMP — Zodpovédny management vody v
intravildnu obce ve vztahu k okolni krajiné (2018 — 2022; 88 mil Kc)

% (€Z.07.1.02/0.0/0.0/16_040/0000368 OP PPR (MSMT) Viystupy védy a vyzkumu pro environmentalni
praxi; koncept — Vyroba stabilniho zahradniho substratu z bioodpadu "KompoChar" (2017 — 2020;
18,5 mil. K¢)

% TJ01000015 (TACR Zéta) Aplikace modifikovanych odpadnich biomateriald pro &isteni ddlnich vod
(2018 — 2019; 2,5 mil Kg)

% 14-02183P (GACR post-doc), Simulace transportu kov(l v inovativné remediovanych ptdach s
pouzitim hydropedologického a komplexniho hydrogeochemického modelovani (2014 — 2016; 3 mil.
KE)

< LD13068 COST CZ (MSMT) Vyvoj a aplikace hydrogeochemickych modelG v pddach

kontaminovanych kovy a oSetfenych aplikaci Biocharu (2013 — 2016; 1,7 mil. K¢)
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@ V4 BiocharPlatform PIatforma -— B|OCHAR
© a

* Propojit vSechny dilci vyzkumy biocharu ve dvou
zakladnich sekcich - biochar pro zemedélstvi a
biochar pro prumysl

e soucinnost subjektu zainteresovanych ve vsech
krocich vyuziti biocharu od vyroby a charakterizace
po jeho aplikaci a vyhodnoceni ucinnosti

e propojuje tuzemské odborniky s mezinarodni scénou
s dirazem na zemé Visegradské ctyrky a poskytuje
informacni servis svym clenum
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Konference/workshop — BIOCHAR

e 17.1.2020 (Singapore) The 5th Asia Pacific Biochar
Conference 2020 http://www.apbc2020.com/

e 15.-19. 6. 2020 BIOCHAR Workshop na CzZU (prof.
Dinesh Mohan (Jawaharlal Nehru University); Ondrej
Masek (The University of Edinburgh, UK Biochar

Research Centre); Ajit Sarmah (University of
Auckland))

e 22.—-25.10.2020 (Hongkong) 4th E2S52-CREATE
Biochar Workshop http://biochar.chbe.nus.edu.sg/



http://www.apbc2020.com/
http://biochar.chbe.nus.edu.sg/
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Dékuji za pozornost!!!

doc. Mgr. Lukas TRAKAL, Ph.D.

Katedra geoenvironmentdlnich véd, Fakulta Zivotniho prostredi
Ceskd zemédélska univerzita v Praze

trakal@fzp.czu.cz



