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POLAND’S NATIONAL ENERGY AND
CLIMATE PLAN FOR THE YEARS 2021-2030
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Structure of electricity production
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RESEARCH PROBLEM

How to increase biogas production!?

Pretreatment Co-digestion process

e.g. disintegration process

Substrate
ENERGY (e.g. sewage sludge)
(mechanical, thermal, chemical) e
Co-substrate

‘ characterized by a high

methane production
increasing the availability of the potential
substrate for microorganisms involved

in the anaerobic digestion process ‘

increase of calorific value of substrates
entering the anaerobic digester
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disintegration process would allow for
producing an amount of electricity higher
- than that used for pre-treatment method

nutrient rem.
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AIM

Analysis of the possibility of increasing
the methane potential of selected co-substrates
and obtaining a positive energy balance
via hydrodynamic disintegration pre-treatment.






CO-SUBSTRATE

Cow manure CM
TS =6.91 -8.21 %

Pig manure PM
TS=2.87-10.8%

Maize silage MS
TS=8.72-10.9 %

—
(—

e

—
(—

~—

Remains of fruits RF
TS =22.7-30.9%

Beetroot pulp BP
TS=9.16-19.4%

Beetroot pulp in the
form of pellets BPP
TS =87.6 -94.0 %

A7 5 R |

‘;‘ 4%‘ ‘, |




HYDRODYNAMIC DISINTEGRATION

Disintegration apparatus

Housing

Ribs

Rotor

Cavitation zone

Impact zone

Motor power: 5.5 kW

Rotor revolution: 3000/min

Volume of tank: |3 L

hydrodynamic disintegrator

(patent application WP-84/]W 13766118)
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diluted toTS =5 % (MS, RF,BP,BPP)
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Biochemical methane potential tests (BMP)

* constant temperature of 37°C

* initial organic loading rate 5 gVTS ¢ . . oduced substrate! L

* each assay was performed in three repetitions
. Doprcess

) /4
IMmps?
- biopr.-cess
X Automatic Methane Potential Test System
- (AMPTS Il - Bioprocess Control Sweden)

Specific Methane Production (SMP)

Holliger,C., Alves,M., Andrade,D., Angelidaki,l., Astals,S., Baier,U., Ebertseder,F. et al.: Towards a standardization of biomethane potential tests. Water Science and Technology 74(11), 2515-
2522 (2016)

Zielinski M., Debowski M., Kisielewska M., Nowicka A., Rokicka M., Szwarc K.: Comparison of Ultrasonic and Hydrothermal Cavitation Pretreatments of Cattle Manure Mixed with Straw Wheat
on Fermentative Biogas Production. Waste Biomass Valor 10, 747-754 (2019)
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Biochemical methane potential (BMP) test
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| methane potential (BMP) test
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Effect of hydrodynamic disintegration on the Specific Methane Production (SMP)
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Effect of hydrodynamic disintegration on the Specific Methane Production (SMP)
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Energy balance

CM - Cow Manure

MS - Mazie Silage

Parameter unit Series | Series 2 Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
KL KL KL KIL KL KL KIL KL KL KL KL KL
Toe::‘eanr't? enereY  wh 3,86 4,10 3,95 3,79 3,95 4,11 425 3,99 3,12 3,45 3,11 3,00 7,29 9,81 9,27 8,87
Electricity? Wh 1,54 1,64 1,58 1,51 1,58 1,64 1,70 1,60 1,25 1,38 1,25 1,20 2,92 3,92 3,71 3,55
Extra electricity’  Wh 0,10 0,04 -0,03

0,06 0,12 0,02 0,I3 0,00 -0,04 1,01 0,79 0,63

BPP - Beetroot Pulp in the form of Pellets

Parameter unit _ Series | Series 2

0 35 70 140 10 20 35 0 35 70 140 10 20 35
KL kL k)L KL KL KL

WL WL kL ° kL kL k)L
:'oe::‘::t‘? eNereY  wh 2,48 2,70 2,63 2,52 6,12 6,17 592 625 651 9,61 6,65 560 6,65 6,66 4,60 521
Electricity® Wh 0,99 1,08 1,05 1,01 2,45 2,47 237 2,50 2,60 3,84 2,66 224 2,66 2,66 1,84 2,08
Extra electricity’  Wh 0,09 0,06 0,02 0,02 -0,08

0,05 1,24 0,06 -0,36 0,00 -0,82 -0,58

IMethane energy content calculated by assuming methane calorific value equal to 36 MJ/m3;
2Electricity calculated by assuming electrical efficiency of engine equal to 40%;

SExtra electricity = electricity dez.—electricity untreated, (Wh): Electricity dez., amount of electricity produced in a disintegrated sample at a predefined energy
density level (Wh); Electricity untreated, amount of electricity produced in an untreated sample (Wh).



Energy balance

CM - Cow Manure MS - Mazie Silage

Parameter unit Series | Series 2 Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
KL KL KL KIL KL KL KIL KL KL KL KL KL
Toe::‘eanr't? eNereY  wh 3,86 4,10 3,95 3,79 3,95 4,11 4,25 3,99 3,12 3,45 3,11 3,00 7,29 9,81 9,27 8,87
Electricity? Wh 1,54 1,64 1,58 1,51 1,58 1,64 1,70 1,60 1,25 1,38 1,25 1,20 2,92 3,92 3,71 3,55
Extra electricity’  Wh 0,10 0,04 -0,03 0,06 0,12 0,02 0,13 0,00 -0,04 1,01 0,79 0,63
I|E|nDer'gyapp|Ied for Wh 0,26 0,52 1,04 0,09 0,18 0,32 0,23 0,42 0,17 0,31 0,58

BPP - Beetroot Pulp in the form of Pellets

Parameter unit _

Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
kJ/L kJ/L kj/L kJ/L kJ/L kJ/L kj/L kJ/L kJ/L kJ/L kj/L kJ/L
:'o‘:::‘::t? eNereY  wh 2,48 2,70 2,63 2,52 6,12 6,17 592 625 651 9,61 6,65 560 6,65 6,66 4,60 52I
Electricity? Wh 099 1,08 1,05 1,01 2,45 2,47 237 2,50 2,60 3,84 2,66 2,24 2,66 2,66 1,84 2,08
Extra electricity’  Wh 0,09 0,06 0,02 0,02 -0,08 0,05 1,24 0,06 -0,36 0,00 -0,82 -0,58
E"Srgyapp"ed for \wn 0,20 0,39 0,78 0,10 0,38 0,41 0,82

IMethane energy content calculated by assuming methane calorific value equal to 36 MJ/m3;
2Electricity calculated by assuming electrical efficiency of engine equal to 40%;

SExtra electricity = electricity dez.—electricity untreated, (Wh): Electricity dez., amount of electricity produced in a disintegrated sample at a predefined energy
density level (Wh); Electricity untreated, amount of electricity produced in an untreated sample (Wh).



Energy balance

CM - Cow Manure MS - Mazie Silage
Paraneer e Series | Series 2 Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
KL KL KL KIL KL KL KIL KL KL KL KL KL

Methane energy  \wh 3,86 4,10 3,95 3,79 3,95 4,11 4,25 3,99 3,12 345 3,11 3,00 7,29 9,81 927 887

content!
Electricity® Wh 1,54 1,64 1,58 1,51 1,58 1,64 1,70 1,60 1,25 1,38 1,25 1,20 2,92 3,92 3,71 3,55
Extra electricity’  Wh 0,10 0,04 -0,03 0,06 0,12 0,02 0,13 0,00 -0,04 1,01 0,79 0,63
I|E|nDer'gyapp|Ied for Wh 0,26 0,52 1,04 0,09 0,18 0,32 0,23 0,42 0,17 0,31 0,58
NG CICligy Wh -0,16 -0,48 -0,03 -0,05 -0,30 -0,10 -0,42 0,84 0,48 0,05
production

BPP - Beetroot Pulp in the form of Pellets

Parameter unit _

Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
kJ/L kJ/L kj/L kJ/L kJ/L kJ/L kj/L kJ/L kJ/L kJ/L kj/L kJ/L

Methane energy

content! Wh 2,48 2,70 2,63 2,52 6,12 6,17 5,92 6,25 6,51 9,61 6,65 5,60 6,65 6,66 4,60 5,21

Electricity? Wh 099 1,08 1,05 1,01 2,45 2,47 237 2,50 2,60 3,84 2,66 2,24 2,66 2,66 1,84 2,08
Extra electricity’  Wh 0,09 0,06 0,02 0,02 -0,08 0,05 1,24 0,06 -0,36 0,00 -0,82 -0,58
E"Srgyapp"ed for \wn 0,20 0,39 0,78 0,10 0,38 0,41 0,82

Net energy Wh 0,11 -0,33 -0,77 -0,09 -0,33 0,83 -0,76

production

IMethane energy content calculated by assuming methane calorific value equal to 36 MJ/m3;

2Electricity calculated by assuming electrical efficiency of engine equal to 40%;

SExtra electricity = electricity dez.—electricity untreated, (Wh): Electricity dez., amount of electricity produced in a disintegrated sample at a predefined energy
density level (Wh); Electricity untreated, amount of electricity produced in an untreated sample (Wh).



Energy balance

CM - Cow Manure MS - Mazie Silage
Paraneer e Series | Series 2 Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
KL KL KL KIL KL KL KIL KL KL KL KL KL

Methane energy  \wh 3,86 4,10 3,95 3,79 3,95 4,11 4,25 3,99 3,12 345 3,11 3,00 7,29 9,81 927 887

content!
Electricity® Wh 1,54 1,64 1,58 1,51 1,58 1,64 1,70 1,60 1,25 1,38 1,25 1,20 2,92 3,92 3,71 3,55
Extra electricity’  Wh 0,10 0,04 -0,03 0,06 0,12 0,02 0,13 0,00 -0,04 1,01 0,79 0,63
ansrgyapp"ed for wh 0,26 052 1,04 0,09 0,18 0,32 0,23 0,42 0,17 031 0,58
NG CICligy Wh -0,16 -0,48 -0,03 -0,05 -0,30 -0,10 -0,42 0,84 0,48 0,05
production
Relative energy % 599 253 108
profit
BPP - Beetroot Pulp in the form of Pellets
Parameter unit Series | Series 2
0 35 70 140 0 10 20 35 0 35 70 140 0 10 20 35
KL KL k)L KL KL KL KL KL KL KL KL KL

Methane enerey  wh 2,48 2,70 2,63 2,52 6,12 6,17 592 625 651 9,61 6,65 560 6,65 6,66 4,60 5.2

content

Electricity” Wh 0,99 1,08 1,05 1,01 2,45 2,47 2,37 2,50 2,60 3,84 2,66 2,24 266 2,66 1,84 2,08
Extra electricity® Wh 0,09 0,06 0,02 0,02 -0,08 0,05 1,24 0,06 -0,36 0,00 -0,82 -0,58
IE_InEc;rgyaPPIied for  wh 0,20 0,39 0,78 0,10 0,38 0,41 0,82

Nt e Wh -0,11 -0,33 -0,77 -0,09 -0,33 0,83 -0,76

production

Relative energy % 303

profit

IMethane energy content calculated by assuming methane calorific value equal to 36 MJ/m3;

2Electricity calculated by assuming electrical efficiency of engine equal to 40%;

SExtra electricity = electricity dez.—electricity untreated, (Wh): Electricity dez., amount of electricity produced in a disintegrated sample at a predefined energy
density level (Wh); Electricity untreated, amount of electricity produced in an untreated sample (Wh).



CONCLUSIONS

Hydrodynamic disintegration as pre-treatment of substrates
subject to the anaerobic digestion process allows for increasing
the amount of produced methane while obtaining a positive
energy balance.

Implementation works should be preceded with tests aimed at
the selection of:
- substrate/substrates subject to pre-treatment

cow-mahbre pig manure maize silage remains of fruits
beetrootpulp  beetroot pulp in the form of pellets

- parameters of the disintegration process (including the
amount of energy supplied in the process)

10 kJ/L 20 KkJ/L 35KkJ/L 70Kk)J/L 140 kJ/L
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uszczonego ChZT gnojowicy bydlecej w zaleznosci od gestosci energii

zuzytej w procesie hydrodynamicznej dezintegracji.
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Rys. 4.4.28. Warto$¢ rozpuszczonego ChZT gnojowicy Swinskiej w zaleznosci od gestosci
energii zuzytej w procesie hydrodynamicznej dezintegracji.
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Rys. 4.4.30. Warto$¢ rozpuszczonego ChZT kiszonki kukurydzyw zaleznosci od gestosci energii
zuzytej w procesie hydrodynamicznej dezintegracji.
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Rys. 4.4.31. Wartos¢ rozpuszczonego ChZT wystodkéw buraczanych w zaleznosci od gestosci
energii zuzytej w procesie hydrodynamicznej dezintegracji.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: METODS
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Results
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

