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Background & project overview

Pilot plant and process scope

Agrarian
residues

=6k Al

Collection and
provision

Urban
residues

input

Raw materials
7-8 t/la
Hydrogen
0.18-0.26 t/a
(2000-2900 m?/a)

X&) G

Pretreatment Anaerobic

digestion

Digestate
treatment

Electricity from
renewable sources

\

of e

Electrolysis

V4
Green 00
hydrogen

2\

Catalytic
methanation

Hydrochar

=26

Fertiliser

o

Process water

) o

Renewable
methane

output
Biogas

=1 t/a
(=770 m3¥a)
Methane
0.59-0.67 t/a
(819-930 m¥/a)
Fertiliser
5-7 t/a (s/l)
Hydrochar
=2 t/a

PILOTE

SBG

DBFZ

é

Renewable
LNG

Liquefaction

Est. potential*
450 PJ/a

straw &
cattle manure

(CLACY —
green and Total diesel

bio waste consumption
in Germany

m?3 - standard cubic metre; Rough approximation of the mass balance. Biogas, fertiliser and hydrochar amount and composition depend on the raw material origin and quality
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PILOT & O
Introduction SBG DBFZ

- Hydrothermal pre-treatment to enhance the digestibility of lignocellulosic biomass

- The main issue: the lignocellulosic matrix
= Cellulose - crystalline structure slows microbial degradation
= Hemicellulose - more accessible

= Lignin — barely digestable anaerobically and physically shields the other two
» HTP to thermochemically crack the matrix and start hydrolysis
» Improve kinetics and increase methane yield

» Sterilize the biomass
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Introduction PILOT ta O
) ] DBFZ
Previous results with straw/manure SBG

- For a mixture of straw/manure

350

we observed:

= A significantly higher o
methane yield 3%

= HTP parameters with i
negligible influence i

= No accumulation of 0

HTP-160-15 HTP-160-45 HTP-170-30 HTP-180-15 HTP-180-45
HTP parameters [°C - min.]
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o o o o
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untreated

inhibitors

©2026 DBFZ | Pilot-SBG | Christian Kliipfel ©DBFZ, 2022



Introduction PILOT & Q
. DBFZ
Hydrothermal chemistry SBG

+ Acidic conditions favor dehydration, Y Pydrolysis | |
LBET: Lorby de Bruyn-Alberda van Ekenstein Transformation
which leads to 5-HMF/Furfural A
Cellulose - Dehydration
. o . BR: Benzilic acid rearragement \
» Known inhibitors in AD HY HD: Hydration
Y 5-HMF: 5-(Hydroxymethyl)furfural
. oy Glucose
- Basic conditions favor retro aldol {ra [
- RA — Acetic acid
reaction, which leads to acetic/formic TGO T i i e | Neutra
LBET RA DE BRIDE y > Pathway
aCId ———— Glyceraldehyde ——= Pyruvaldehyde —-OH‘ Lactic acid
Frutose HD — Formic acid
> Methane pl’eCUI‘SOI’S L—» Levulinic acid
DE
5-HMF = 1,2,4 benzentriol Acidic Pathway
— > Humins j

Yin, S.; Tan, Z. Hydrothermal liquefaction of cellulose to bio-oil under acidic, neutral and alkaline
conditions. Applied Energy 2012, 92, 234-239. DOI: 10.1016/j.apenergy.2011.10.041.
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PILOT® D@
Materials & Methods SBG

= Selected biomass:
Oat husks, spelt husks, mixed leaves and bark

mulch
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Materials & Methods

= Selected biomass:

Oat husks, spelt husks, mixed leaves and bark mulch

= Experiments in 0.02 L and 0.5 L scale

= Analyses

= HPLC-DAD-RID: Sugars, phenols, Furfural, 5-HMF

—_—

= GC-MS: Organic acids
= COD/TOC
= CHNS
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Materials & Methods glﬁbea DBEZ)

Experimental plan

1) Variation of pH ) Variation temperature and time
= Feedwater pH 2,7,12 = Optimize digestibility
= HTP @ 170 °C for 60 min 00 la . O 8w

= BMP tests for lowest

inhibitor concentration ‘ -
3
= 60 m @ 0
E
l—
30 @ | @
1%0 | 1fl)0 | 1%0 | 1é0 | 160

Temperature [°C]
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Results PILOT %3 DBEZ)
Influence of pH on TOC SBG

- Slight decrease of TOC for the husks

Material
20,000 - @ Oat husk

« Maximum at pH 7 for bark and leaves : :pelit husk
1 ar

* Husks and leaves in a comparable range  15.000- ://j\‘

- AP from bark has the lowest TOC, which

suggests low degradation

10,000

TOC [mg/L]

5,000 A

2 4 &6 8 10 12
Feedwater pH
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Results PILOTED D@
Influence of pH SBG

- Trends similarto TOC

Material
60,000+ B Oat husk
-« COD:TOC=3:1 ] @® Spelt husk
A Bark
50,000 - W Leaves
= 40,0004 ¥
S o
£
S
030,000—
20,000 -
10,000 A — —A— —A
2 | 4 | 6 | 8 10 12

Feedwater pH
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Results

Influence of pH on sugars

=
86 *)

Sugar concentration decreasing for

4,000
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increasing feed water pH 3500+ o ° ® Sseltﬁjsk
3000_' A Bark
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. " — 2,500
acidic conditions 35 &,‘\
€ 2,000 B E— \\\\§
o
@©
21,500 A o
g | /
1,000 1 u
500 4 A— 0@ 4
0
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Results PILOT %3 O
DBFZ
Influence of pH on furanics SBG

* Furanics decreasing for increasing pH

Material
_ 1,000+ ¥ B Oat husk
» Less dehydration towards 5-HMF @ Spelt husk
A Bark
800 + W Leaves
°

600

Furanes [mg/L]
// |

4004 v —Vv
] e e
200 - N
A A,
0 -
2 4 6 8 10 12
Feedwater pH
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Results PILOT %3 O
DBFZ
Influence of pH on furanics SBG

- Effect of pH on SCFA less pronounced 4,000 —
i ateria
3,500 - M Oat husk
| @® Spelt husk
30004 A Bark
| ° W Leaves
I N -
2500 ® \
- ] [
Ezooo- +\l O
< N ISl
o15004Y k4
m 4
1,000 -
500 -
| A A— 00000 A
04
2 4 6 8 10 12

Feedwater pH
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Results PILOT %3 Q
. . . DBFZ
Biological methane potential SBG

- BMP tests for pre-treatment with

400 4 —X%— Inoculum
MCC
1 —— Spelt husk
feedwater pH of 12 250 5 Spelthus
] —A— Bark
. . | —V¥— Leaves
- Husks show similar performance, spelt 3001
, “2 250-
husks slightly better (270 mL/g,+s) 3 |
s—EI 200

- Bark forms almost no biogas (19 mL/gs) g 150-

Q@ 100+

50 1 /

0 15 o A AAAAAMAAAAAA S EH B

- Leaves inbetween (143 mL/g,1s)

_50 T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
Time [d]
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Results PILOT %3 O
Influence of HTP SBG DBFZ

Biomass BMP BMP,; A —
[mI/goTs] [mllgoTs] 400 - '\r/llg((::u um
Spelt husk 269 227 16 % 350 o ook
] —A— Bark
Oat husk 251 215 -14 % 300 - —v¥— Leaves
—— HT Spelt husk

Leaves 143 151 +6 % 250 o O Husk
Bark 19 28 +47 % 1 T —¥— HT Leaves

- In all cases: improved kinetics

BMP [mL/gd]
N
o
o
Ny
3 L
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4
P
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P
P
P
i
P
L
L]
L]
L]

~ Decomposition completed after
10-15d

VYWY WWWwwwwwwwww
W N T Y W T 0 i avhvAVAVAVAVANANZANAN,

~ Leaves selected for optimization. o 5 10 15 20 25 30 35 40 45 50
Time [d]
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Results PILOT %3

o DBFZ
Optimization of pre-treatment SBG
400 4 +:a<():<(::ulum
350 - —_vv: hﬁ'a\lj(;:ves
300—-
'_%250—
O
=3 200-
E
A 150 -
S
@ 100-
50—-
04
—50-.-.-.-.-.-.-.-.-.-.-.
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Results PILOT t@ Q
L. . DBFZ
Optimization of pre-treatment SBG

© BMP increases with severity 200 =% Inoculum
MCC
. . . 1 —W¥— Leaves
» Highest increase (18 %) with a pre- 350 1 —v— HT Leaves
] —— Leaves 150 30
. | —&— Leaves 150 90
treatment at 190 °C for 90 min 3001 e Leaves 19030
7, —p— Leaves 190 90
. : : s 2507
~ Similar relative uplift as found 2 o0
: £
before with straw/manure ' 150.
>
@ 100-
50—- /
1/
04 wi
-50 | T T T T T T T T T T

Time [d]
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Results PILOT %3

DBFZ
Optimization of pre-treatment SBG
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Results PILOT %3

DBFZ
Optimization of pre-treatment SBG
600 3,500
—l— 30 min | —il— 30 min
—— 60 min —— 60 min
500 1 = 90 min 3,000+ - 90 min
2,500 -
400+
= -
g S 2,000 -
"% 300 E
Q <
& Lt 1,500 -
5 7}
% 200 -
1,000 4
100 - 500
0 T T T T T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T T T T
150 155 160 165 170 175 180 185 190 150 155 160 165 170 175 180 185 190
Temperature [°C] Temperature [°C]

©2026 DBFZ | Pilot-SBG | Christian Klupfel



Results PILOT %3

DBFZ
Optimization of pre-treatment SBG
120% 120%
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©
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= S
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Results PILOT & O
. . DBFZ
Pilot plant operation SBG

0.40
m HT+AD AD

035

1

20.30
(@]
—1 0.25

v 0.20
Z Pre-treated material
c 0.15
©
= 0.10
-

0.05

0.00

3 4 5

organic loading rate [g,p, L™ d!]

» In pilot plant with straw/manure: up to 50 % more methane with pre-treatment!
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PILOT® O
Conclusion & Outlook SBG DBFZ

BMP can be increased using hydrothermal pre-treatment by up to 18 %, depending on biomass and

treatment conditions
* Simple derivations from TOC, COD, organic acid and 5-HMF concentration to BMP are difficult

* Findings in batch operation may underestimate continuous operation results

* Scale up of hydrothermal pre-treatment to 100 L scale

*  Comparison of treated vs. untreated AD in continuous operation
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