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Co wptywa na wtaSciwoSci biowegl a?

@ Create relatively alkaline
conditions

@ Microorganisms are scnsitive
to pH

® Microbial gronth

& Microbial diversity

& Microbial functions (e.g. N, I

transformations)

@ Act as electron transfer shuttle

& graphite-like aromatic structure

@ Act as clectron donor

® Low and intermediate pyrolysis
tempernture

@ Act as electron acceptor

®  High pyrolysis temperature

@ Absorb water, gas and
nutrients

@ Provide habitats for microbial
growth (e.g. protection from
predators)

@ Absorb microbial cells

Aliphatic C

] Labile C
Biochar .
@ Supply mineral nutrients for Supply energy for gencral
microbial growth microbial growth

* Supply toxic organic compounds
for specific microbial growth

© Cause soil priming cffects on soil
organic C

@ Contribute to biochar alkalinity
@ Form organo-mincral

associations for stabilisastion of
microbial-derived metabolites
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proces

Tabel a 1.

otrzymywani a

Produkty pi

Operating parameters

Liquid

bi owegl a

w zaleZnoSci

Slow pyrolysis
Intermediate pyrolysis
Fast pyrolysis

Gasification

Peak temp. Vapor residence time

Moderate Long
(~500°C) (5-30 min)
Moderate Moderate
(~500°C) (10-20 s)
Moderate Short
(~500 <C), (<2 s)
High Moderate
(>800 =C) (10-20 s)

(bio-oil)
30%
(70% water)
50%
(50% water)
75%
(25% water)
5% tar
(55% water)

Solid Gas
(char) (syngas
35% 35%
20% 30%
12% 13%
10% 85%

od

[Christian Riuji Lohri, Christian Riuji Lohri, Daniel Sweeney, Daniel Sweeney, Hassan Rajabu, Hassan Rajabu, Carbonizing urban

biowaste for low-cost char production in developing countries - A review of knowledge , practices and technologies , Technical

Report, Eawag, MIT D-Lab and UDSM, January 2015]
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produkty pirolizy
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wptyw rodzaju materiatu wyj Sciowego na Ww

Tabela 2. WhLaSciwoSci firzykochemiczne Dbiowegl otrzym,
spirolizowanych w 600 ©°C.
TOCs total organic carbon catkowity wegi el organiczny

SBETgpowi erzchnia ogol na
Scatkowi t e WWA

Materia Lt popi p H N
(%0) (%0) (%0)

tota

10,7c 25,9c 62,9b 1,20b 2,57¢C 7,43C 631b 0,94a 345,9c
8,06a 62,8d 23,5a 0,57a 3,66d 9,50d 327a 1,14b 766,5d
9,26b 6,70a 86,7d 1,67c 0,96a 3,96a 878c 26,1c 270,4b

9,60b 14,1b 76,7C 2,71d 1,30b 5,18b 818c 90,1d 75,7/6a




charakterystyka
(porowat oS¢, po
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High metal reduction
&immobilization ——y J*
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Ball milling
Magnetization

Microwave
irradiation

SEEWES
activation

Rys.8.Ki er unki

[https://doi.org/10.3390/environments9050060]

Oxygen plasma
activation

Alkali
modification

Acidic
modification

Mineral
modification

Coating /
impregnation

Flash heating
Ultrasound
vibrator
Double disc
milling
Ball-milling
Hydrothermal
reactions
Pyrolysis
temperature
Metal oxide

modyfi kacj I

Biofilm
Development

Anaerobic

digestion

Aerobic
digestion

Bacterial
conversion

Cohistan
modification
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Mitigation in green-house gases

* Mitigating dimase

= Mitgaling gresn

change

house gases
Amisson

Green Catalyst

+ Use as catalys

for removal of
corlaminants

Use as construction
materials
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modyfi kacje biowegla (np. wzbogacani e
SLOW RELEASE FERTILIZERS

Increased Crop yield
1" Saving of natural resources
Sustainable agriculture

‘o Nitrogen ° Potassium
Nutrient Loading > S

Phosphorus

Enhanced soil biological health
«E Improved microbial diversity
Enhanced nutrient mobilization

Slow release fertilizers

P Reduced fertilizer demand
¥ J{.: Decreased soil pollution
QQ‘ «» Decreased ground-water pollution
\e
Nitrification / I
Nl'l,‘. ;*“‘*—:=rf—:?'?§:'§\- Nos- / %
HoPO; ™ HPO; ™ W P, K* e - K*

Rys. 12. Nawozy o spowolnionym uwalnianiu.

[https://doi.org/10.1016/j.jece.2024.113211] 1



wptyw bl owegl a
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Biochar

additions to

soil

properties

Chemical
properties

Biological
properties

1

| 1

Water holding
capacity
Aggregation
Porosity
Available water
Hydraulic
conductivity
Water infiltration
capacity

Soil strength
Bulk density
Penetration
resistance
Runoff
Erosion

pH (alkaline
biochar)

EC

Organic carbon
C:N ratio

CEC

Nitrification
Biological Nitrogen
fixation

Exchangeable Microbial biomass
acidity Microbial growth
Soluble & Activity &
exchangeable abundance of
Aluminium microbes

pH (acidic biochars) Enzyme activities
EC (salt stress)

Nitrate leaching

Denitrification

Rys.13Wptyw dodat ku
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Microbial
biomass
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Microbial |
community |
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I

structure

Microbial
activity

Rys.14Wptyw dodat ku biowegla na wktaSciwoSci
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bi owegi el |Jako siedlisko dla baktert

Providing Inhibition of
microbial habitat contaminant toxicity

« Supply of labile . Msomﬂon of contaminants
carbon « Degradation of
contaminants

» Supply of labile
A « Reducing the bioavailability

favourable soil
conditions

Improving soil structure
Maintaining soil moisture
Optimizing soil pH

Improve soil enzyme activities

Rys. 15. Biowegiel jJako miejsce kolonizacj i

[https://doi.org/10.1016/j.scitotenv.2023.169585] o
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Rys 17. A) AktywnoSé¢é metaboliczna bakterii w gl ebi
funkcj i bakterii, B) wzorce troficzne grzybow, C)

[https://doi.org/10.1007/s42773  -023-00291-1] 19
e




stymul acj] a

zanieczyszczenia (np. pestycydy,

S+PAEs

Bi

S+PAEs+BC-5f

oOwed

Species

| EE)
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gBryobacter sp.

gMassilia sp.
| gMicrovirga sp.
. gNacardioides sp.
. gPedobacter sp.
. gPontibacter sp.
. gSphingomaonas sp.
. gTumebacillus sp.
Unclassified fMicrococcaceae

Unclassified fMyxococcaceae
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Species

Acremonium sp
Ascomycota sp
Botryotrichum atrogriseum
Fungi sp

Gibellulopsis nigrescens
Gibellulopsis piscis
Mortierella sp
Talaromyces atroroseus
Trichocladium sp
Unclassified Fusarium
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Unclassified Nectriaceae
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Ry s .

Decomposition of
biochar

A

|
|
|
|
|
!
|
!
i
’
i
!

Nutrient supply and habitat
for microorganisms

Extracellular
enzymes secretion

Microbial Seussese:,
——————————— “ community
Contaminant adsorption -~ Structure

Positive effects of biochar
- Negative effects of biochar -
19. Mechani zm

Interrelationship between biochar and microorganisms
- Soil elemental cycle and contaminants effects

Il nterakcj i bi owegl a

[https://doi.org/10.1016/j.envpol.2022.119609]
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|l nt er akcj] e -mkroowgangmye |

lonic interaction

CO-n(CH),- @ ¥ Phenolic group - Biochar «— | Microorganisms
A /1 ?
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Rys. 20.Bioremediacja zani eczyszczeN za pomoca biowegla poprzez
ZWi gzkow orgabiopnegechwv kpalzjygpadku met al oidow) pod wp-
pozakomorkowych enzymow i substratow na powierzchni

[https://doi.org/10.1016/j.envpol.2022.119609] 22
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Plant-microbe and biochar application in
contaminant removal, soil texture improvement,
plant and microbial proliferations

@ Microbial attachment

Xanthomonas

Carbon sequestration

. / co,
Stimulate root /£
exudates @

| - \

Pseudomonas

Enhance \
microbial ,
activity k f Contaminant degradation
VN . >
Regulation of soi < NP ¢ = Plarn gr(_)wth
climate ) / promotion

- )
Antibiotic
compounds

ixosomonas | ~ .
Provide macr6 and micro-

nutrients to plants and

@Absorption of pollutants
rhizospheric microbes and

enhance degradation
2 >, ) Pseudomonas
Biochar Improve soil texture and  Enhance nutrient cycling of
water holding capacity soil and plant growth in

Rys. 22.Wp £ yow owengfl ilat or e meadiecaysz¢zenych gleb.

[https://doi.org/10.1007/s42773 -025-00491-X] 24



wptyw bl owegla na wzrost | pl onowat

Effects of blochar co-applied with fertilizers
on yleld

Biochar only (B)y +25.3%

o L 57 publications Inorganic fartlizer only (F). +21.9%
Biochar characteristics 627 paired datapoints B+F (unfert@zed control): +35.3% . 100
Fortiitzer forms o pon B4F (fertilized controf): +%24 8% 5
Soll properties - Literature review » 8 8¢
Crop types Optimal blochar characteristics s _
Biochar produced at 401-500°C R 60 )
Blochar C.N ratio: 30-100 L B i {peais)
Most beneficial soll properties 2 2‘ 49 | (n=262) . N
= w O
Very acidic sois (pH s5) 5 20 L - -
b
S 0 : .
Neutral Acidic Very acidic
Soil pH
Rys. 23.Meta-analizadanych | iteraturowych dotyczagca wpiLyw

[https://doi.org/10.1016/).scitotenv.2021.15207 3] 25
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wWptyw poSredni na organ

Avoidance behavior test

Microcosm
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Rys. 24. Wptywmbrcus fegasttisa n a
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wWptyw poSredni

Biochar application controls
damage ofinsect pests to the
plants
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. High water holding capacity 5. High carbon sequestration

2. High Porosity
. Reduced bulk density
. Reduced leaching loss

Ry s

6. Nutrient release
7. Increased nutrient in organic pool
8. Decreased gaseous loss of nutrient

2 5. Rol a

n a

Biomass wastes

Biocharclay organo comple x

bi owegl a

organi

plants

zmy gl ebowe

9 - =
Suase. 2

Biochar application controls
damage of pathogens to the

Biochar application
increase soil
mix robial community

Control soil pests

n a

kontr ol

[https://doi.org/ 10.5772/intechopen.1005372]
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bi owegi el hamuje wzrost, przepoczwarzenie i wyleg
przepoczwarzajagcych gaMandecaisexta) t yt 0 ma o Wpaldpieran a  (

frugiperda )

(a) Biochar ingestion via artificial diet experiment

Control Diet Biochar Diet Control Diet Biochar Diet Control Diet Biochar Diet

(b) Direct exposure to biochar experiment (M. sexta)

Rys. 26. Wptyw biowegl a ( Ba6ducansaxtaly a 561 € me c foedopfeean n g o

frugiperaa ).
[https://doi.org/10.1002/sae2.70069] 28
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ZAMKNIETYM

' i | Dystrybucja

Produkcja

Konsumpcja
Ponowne uzycie
Naprawa

Rys.29.Gosppodar ka o
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Soil amendment

v Carbon sequestration
v Soil nutrients

v Soil properties

v Microbial activities
v Cropyield
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ZawartoSé catkowita WWA

A mc 221 1 { 9t
A International Biochar Initiative-800 mg kd s.m.

A European Biochatertificate 4-12 mg kd s.m.
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Tabel a 3 Catkowite | bi odost epne WWA | i
. . . . Catkowite VWWMA-kowite pgp BiodostemPBnedostepne
bi owegi e bi omater i alt [ W WWA [/l g WWA [ng/L] WWA [ng/L]

BCCH500

BCCH600

BCCH700

BCKZ500

BCKZ600

BCKZ700

BCZ500

BCZ600

BCZ700

BCSI600
BCS500

BCS600

BCS700

{O2Y}

123.7955.67
I 120.7055.53'

9.060F, 0.410

0.39450.018

16.32r0.75
i 44.58F 2.04 I

9.044F,0.524

0.930F, 0.047

116.93f 5.35

35.62f, 1.63

9.398F, 0.481

0.885f, 0.056

159.78r 7.32

2.3050.11

8.580K 0.360

0.22450.011

188.475 8.63

4.8650.22

10.135 0.46

0.536F 0.025

P>
X T

190.13r8.71

2.8250.13

16.0750.60

0.38650.019

90.1654.13

2.7250.13

33.50f 1.22

0.806F, 0.028

I 125.83p5.76 l

5.30F,0.24

39.98% 1.46

1.903f0.070

110.045 5.04

4.0150.18

38.335 1.40

0.940F, 0.034

150.045, 6.87
124,535 5.70

12.43r 0.57
22.8151.04

3.3350.15
3.5350.18

0.4275 0.20
0.1775 0.007

A O1 y 145.2156.65

28.405, 1.30

0.8315 0.030

65.375 2.99

19.165 0.88

2.56;,0.11
1.6750.07

0.6255 0.026

BCW500

BCW600

BCW700

wierzba

151.555 6.94

1.4850.07

3.5150.20

0.248r0.011

181.08F, 8.29

1.9250.09

3.1750.15

0.478F,0.022

158.025 7.24

4.3150.20

3.5350.17

0.4805 0.023

BCAG00

151.4756.94

7.6450.35

4.4550.24

51K 0.02

BCD600

t A 1| Ogy ek, .63 K

2.2250.11

BCUHS500

BCUHS600

BCUHS700

BCKOS600

BCPIL600

157.42!; 7.21

3.5650.16

0.688r 0.024

201.6459.23

5.62F,0.26

33.07p1.17
i 41.535 1.52 i

0.88350.032

0 A12GS2H62AF Y A

2.2450.10

28.075 1.03

0.453f0.017

180.18F, 8.25

3.4250.16

10.36F, 0.38

0.217r0.008
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Starzenie chemiczne|

Temperatura
60AC (CAGO)
albo 90AC

Bi owngl e
w hermetycznych
pojemnikach ze
stali nierdzewnej

sterylizacja
azydkiem
sodu

Bi owng
w butelkach
typu Simax

Temperatura
20AC i -20AC
(PA)
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Il nt er w

Starzenie fizyczne

i

4 %A
‘
a4 /
/ 1" ’
Photochemical Rainfall
transformation (wetting-drying &
(UV irradiation) chemical oxidation)

Biological Freeze-thaw
degradation (freeze-thaw
{microbial inoculation) cycle simulation)
pe 1
® Root exudates -OH  Hydroxyl groups on biochar surface
@ Dissolved organic matter -COOH  Carboxyl groups on biochar surface
@ Minerals NO;  Nitrates in the rain water
80,2 Sulfates in the rain water
Biochar § 2 s e
‘OH  Hydroxyl radical generated from UV irradiation

© Microorganisms H4Cit+  Citric acid radical as a representative of LMWOA radicais

Rys. 36. Mechanizm star z
| konsekwencje sztucznego
przyspieszonego starzenia.
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Starzenie biologiczne
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Inoculum
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Utrzymanie

Z inoculu r - bki
iInoculum : ) P 40%
. : mikrobiolo- Z roztworem . .
mikrobiolo- ) : POj emnogci
gicznym nutrientu

) ‘ Starzenie enzymatyczne (EA) ‘
O

Temperatura
pokojowa

IC z

filtrowanie
suszenie
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Eksperyment
polowy

Eksperyment
polowy

BCWS500

BCWG600

BCW700

BCZ500| (BCZ600| (BCZ700

BCD600

BCF600

SSLCH+
2,5% BCW700

7'
<; M A0 kK

3

f‘ ¥

4| ssLchH+ ¥
1 10% BCW700

[https://doi.org/10.1016/).jhazmat.2022.129795]

WWA

pochodne WWA

<LOD

<LOD

49
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