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.~ Own farm and AD research center GUT HULSENBERG
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/I Diary cattle, pigs C.
(sheep, chicken) ——————

/| Biogas 1: 725 kW (crop-fed)
/| Biogas 2: 75 kW (liquid slurry)
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Our lab processes:

/I 25,000 digester samples/a
/I 50,000 forage samples/a
/I 9,000 TE analyses/a

/I 800 BMP tests (gas yield)

Analyses include:
Il pH, volatile fatty acids (GC), NH,, DM, oDM,

/| fermentation acids (HPLC), CFU counts yeasts
moulds, inhibition assays, fertilizer value (NIR)

/I COD
Il gas yield tests (BMP)
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\ INTERNATIONAL ACTIVITIES IN THE AD BUSINESS

3 COUNTRY REPRESENTATIVES
75 CONSULTANS ON THE FIELD

“flelanie Hecht, PhD Paul Bock
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- ON-SITE CONSULTANCY
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Acidification
Overfeeding

Inhibition of
methanogens

Trace element
deficiency

Low gas yields

Poor feedstock
quality

Nutrient deficiency
Inhibition

Disruption of
hydrolysis

Inadequate mixing

WHAT CAN POSSIBLY GO WRONG ON A BIOGAS PLANT

Mechanical
problems

Foaming
Gas quality
Maintenance/repairs

Floating layers

sedimentation
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. THE 4 STAGES OF ANAEROBIC DIGESTION Y4
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+ 1. HYDROLYSIS
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4. METHANOGENESIS
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. THE ANAEROBIC DIGESTION PROCESS

CENEy @@@Q@ Qm

«_ | trace elements required

Acidogenese

" trace elements required

Acetogenese

trace elements required

g e
Methanogenese

trace elements required
\0?« SCHAUMANN
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~ TRACE ELEMENT (= MICRONUTRIENT) DEFICIENCY
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Enzyme structure

z.B. Coenzyme F430

" FUNCTION OF TRACE ELEMENTS IN THE AD PROCESS

ﬁ Biomass growth

Macro Micro
nutrients | nutrients
N Fe
P W
K Mo
S Mn
Ca Co
Mg Se
Na Ni

Anaerobic bacteria/ archaea
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LACK IN TRACE ELEMENTS -> ACIDIFICATION: REMEDY
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Dosing of NaHCO, (sodium bicarbonate) and trace elements

o . . .
Januar Februar Marz April
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Reinoculate after disruptions

After disruption
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BUncultured archaeon clone GZK 15

OUncultured archaeon clone HDBW-WAQ3

W Unculturedeuryarchaeote clone TIAAO2

B Unidentified archaeon clone 221

W Uncultured archaeon clone GZK 39
OMethanagenium marinum strain AK-1

B Uncultured archaeon partial clone GR-WP33-A11
B Uncultured archaeon clone 5LOC10
EUncultured archaeal symbiont PA202
OUncultured archaeon clone PL21-A9

B Methanoculleus sp. dm2 strain dm2

O Unidentified archaeon clone vadin DC69
@ Uncultured archaeon clone GZK 7

O Uncultured archaeon clone 2LOC1

B Uncultured Methanosarcina sp. clone KB-1
& Methanothrix soehngenii

B Uncultured archaeon clone GZK61

B Uncultured archaeon clone 5LOCS

O Uncultured euyarchaeote clone PHAO03

O Uncultured archagon clone SSADM-AES

17%
70%
B Uncultured archaeon clone GZK 15 B Uncultured archaeon clone GZK 39
O Methanoculleus sp. dm2 strain dm2 OUncultured archason clone GZKG1

W Methanogenium marinum strain AK-1

Dahlhoff, 2008
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. MICROBIAL REPRODUCTION TIMES: BE PATIENT
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Reproduction time [h]

0 20 40 60 80 100 120 140

(min. 03 Hydrolytic bacteria A

max. e 10 yarowy

| FAST

min. | 1.0 Acidogenic bacteria

max. B 48
N\ J
(min Acetogenic bacteria \

max. 240

48 Methanogenic archaea
120

J

Weiland, 2006 SCHAUMANN
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. BESPOKE MICRONUTRIENT FORMULATIONS

. BASED ON ACCURATE MICRONUTRIENT ANALYSIS

NH4

Mg
Na
Ca

Cu

Ni
Zn
Fe

Co
Mn
Mo
Se

Deficiency Optimum Excess

Initial analysis

NH4
P

K
Mg
Na
Ca
S
Cu
Ni
Zn
Fe
B
Co
Mn
Mo
Se
w

Deficiency  Optimum Excess

After micronutrient dosage
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TRACE ELEMENT DEFICIENCY: SIGNALS

Customer Sample Type  Digester content Sampling Location Digester 1
pH EC VOA TIC VOA/| NH4+-N| DM oDM AA PA  BA | iIBA | VA | IVA | CA | HAc-EQ
[micm] | [gHAceql] | (g Caco3n | TIC ) [okal | [okal | [mgll | [mgll | [mgMl | [mg/] | [(mg | [mghl | [mgh | HAG1] Issue Date
7.8 3.75 12.4 0.30 3.28 35.0 292 | 1482 ' 154 | <30 | 34 <30 | <30 | <30 1640 24.04.2023
7.9 4.47 12,6 0,35 | 3,60 27.8 222 | 2127 | 206 | <30 | 47 | <30 | <30 | <30 2326 18.07.2023
8,0 3,55 12,7 0,28 | 347 311 26,1 1286 | 56 | =30 | 94 =30 | 362 | <30 1609 09.10.2023
Customer Sample Type  Digester content Sampling Location Digester 2
pH EC VOA TIC VOA/| NH4+-N| DM oDM Al PA BA  IBA | VA | iVA | CA | HAc-EQ
[msicm] | [gHAceal] | [gCacoan) | TIC [s/l [okgl | [okal | [mghl | [mghl | [mgfl | [mghl | [mgl | [mgfl] | [mgl] | HAC,] Issue Date
7.8 3,95 11,7 0,34 3,17 247 19.5 | 1825 | 231 52 49 | =30 | 53 | =30 2112 28.11.2022
7.9 3,50 13,8 0,26 3,60 29.6 243 | 1154 | 93 | <30 | =30 | =30 | =30 | =30 1229 18.07.2023
8.0 4,20 13,0 0,32 3,02 381 30,8 | 1960 | 117 | <30 | & | <30 | 108 | <30 2163 09.10.2023
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BESPOKE MICRONUTRIENT FORMULATIONS
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Paul Bock
paul.bock@schaumann-bioenergy.com

+43 664 84 80 265
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