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(Of) Lignocellulosic residues as substrates for biorefinery

Introduction

TUHH

[UE

= Biorefineries

= Fossil-free production of value-added products and energy

=

= Management of wastes and residues

Feedstock
= (Pre-)treatment of lignocellulosic biomass < Biogas & digestate
= Production of value-added products tre(;)trri_;nt
= Reduce recalcitrance toward anaerobic degradation \\/\
Vlue—added
compounds

= Role of anaerobic digestion in biorefineries
= Final stage of biomass processing

= Provision of biomethane, renewable energy & organic fertilizer
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(Of) Lignocellulosic residues as substrates for biorefinery

Aim and scope

TUHH

[UE

= Common reed

= Residues originating from constructed wetland

= Pre-treatment Feedstock
Hydro-
= Vapothermal pre-treatment: hot stream < thermal Biogas & digestate
o Vapo-
= Hydrothermal pre-treatment: liquid water thermal

= Vapothermal vs. Hydrothermal pre-treatment Value-added
compounds
= Optimizing biomass water content (vapothermal PT)
= Influence of time & temperature = biogaspotential of solid processing residues

= Analysis supported by: biomass characterisation & energetic evaluation

PT Pre-treatment 3



-é Vapothermal and hydrothermal pre-treatment of common reed
~

Materials and methods — pre-treatment

TUHH

[UE

= Optimizing biomass water content via water impregnation

= Vapothermal pre-treatment
= Parameter optimization via Box-Behnken design

= Rotary evaporator: saturated steam, no “explosion”
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-é Vapothermal and hydrothermal pre-treatment of common reed
~

Materials and methods — pre-treatment

TUHH

Optimizing biomass water content via water impregnation

Vapothermal pre-treatment _

Temperature (°C) 130 - 155-180
= Parameter optimization via Box-Behnken design Time (min) 30— 60— 90

= Rotary evaporator: satu content (%)  7.4-33.7-60.0

Anaerobic batch tests
Mass loss

Composition
Energey consumption

Comparison of pre-treatment

Vapothermal pre-treatment usi

Hydrothermal pre-treatment

= Parr reactor, 1:10 solid-to-solvent ratio
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|I| Vapothermal and hydrothermal pre-treatment of common reed
0 Results — biomass water content during vapothermal pre-treatment
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Yy = +327.2 — 4.654 — 8.43B + 26.45C
+21.934B + 46.12AC + 25.28BS
—52.16A% — 28.55B% — 65.96(C?

[1] | Y\, Biogas yield, Coded factors: A: Temperature, B: Time, C: Water content 7



|I| Vapothermal and hydrothermal pre-treatment of common reed
0 Results — biomass water content during vapothermal pre-treatment

TUHH
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= Significant factors of the model equation (Box-Behnken design):

= \Water content

Yy = +327.2 —4.65A — 8.43B + 26.45C
+21.934AB + 46.12AC + 25.28BS
= |nteraction of temperature & water,

—52.16A4% — 28.55B% — 65.96(*
residence time & water, all squared factors '
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[1] | Y\, Biogas yield, Coded factors: A: Temperature, B: Time, C: Water content




|I| Vapothermal and hydrothermal pre-treatment of common reed
0 Results — biomass water content during vapothermal pre-treatment

TUHH

[UE

= Significant factors of the model equation (Box-Behnken design):

= \Water content

Yy = +327.2 —4.65A — 8.43B + 26.45C
+21.93AB + 46.12AC + 25.28BS
= |nteraction of temperature & water,

—52.16A4% — 28.55B% — 65.96(*
residence time & water, all squared factors

= Optimum range (tolerance of 5 mL, g,s})

= Water content 32 — 46 %,

g
tial (MLNG vs )
w
o
o
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- Adjustment of biomass water content to 35 %, /@;4130«@«\9

[1] | Y\, Biogas yield, Coded factors: A: Temperature, B: Time, C: Water content




|I| Vapothermal and hydrothermal pre-treatment of common reed
0

=X
=X
Results — biogas potential of residues = ’UE
= Effect of temperature on anaerobic degradation Methane yield:
; +36 %
- VapOthermal pre'treatment Vapothermal pre-treatment naee Hydrothermal pre-treatment
= + 28 % methane yield at 170 °C 400 —— 400 I
o ant ~ e
ICD o°.... ‘Tm o'..o“’“. o®
H = o > 00 27 mseee®®
= Narrow temperature optimum S 300 -~ e S 300 e
_EI et wmontes *° = ."3:3" weesee ©°
~ o”’o’.. " - é U o.. ."’. o
= Shift in degradation kinetics 2 500 o 3 200
S S S, 0 o
2] o 7)) .:o
= Hydrothermal pre-treatment S ' S 2
2100 2 100 3.
....
= + 36 % methane yield at 170 °C F &
0 10 20_ 30 40 50 06 10 20 30 40 50
= Significant increase also at 150 and 190 °C Time (d) Time (d)

. . . ) * Untreated - 130°C +« 150°C « 170 °C « 190 °C
= Impact in degradation kinetics less strong

- both methods had their highest methane yield at 170 °C

—> yield was similar
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|I| Vapothermal and hydrothermal pre-treatment of common reed
0 Results — biomass composition
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= Hemicellulose
loss at high temperatures

Vapothermal pre-treament Hydrothermal pre-treatment
= Cellulose
. . . . . 60 60
increase due to retention in the solid biomass
. ngnln E 40 / E 0 .
. . o\o 1 o\o
partial retention < <
8 \ 8 \
L 20 L 20
= Effect stronger for hydrothermal pre-treatment I
, Il 0 , Il i |
Cellulose Hemic. Lignin Cellulose Hemic. Lignin

9 CompOSIthnaI Changes B Untreated [J 130°C @ 150 °C W 170 °C W 190 °C
facilitate anaerobic degradation

[1] | Hemic. Hemicellulose

11



|I| Vapothermal and hydrothermal pre-treatment of common reed
0 Results — mass loss
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= Mass loss caused by pre-treatment

= |ncreases with temperature

Vapothermal pre-treatment Hydrothermal pre-treatment

= |s much stronger for hydrothermal pre-treatment 60 60

- Mass loss diminishes increase of biogas potential

= Vapothermal pre-treatment

I
o

N

o

Mass loss (Y%epw)
Mass loss (%pw)

N
o

= +28% =2 + 18 % methane yield at 170 °C

N
o

= Hydrothermal pre-treatment

l|| ol

= +36 % 2> + 6 % methane yield at 170 °C Mass loss Mass loss

- methane potential after B Untreated [ 130 °C [ 150 °C W 170 °C W 190 °C

vapothermal pre-treatment > hydrothermal pre-treatment
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|I| Vapothermal and hydrothermal pre-treatment of common reed
0 Results — energetic estimation
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= Simplified estimation of energy consumption based on:
= Energy to heat (dry) biomass to process temperature
= Heat capacity of common reed Q =mcy AT
= Energy to heat water/steam (biomass water content & process medium)
= Heat capacity of water/steam Q =mc, AT
= Energy to evaporate/provide steam

= Enthalpy of evaporation of water Q =mHy

Energy required (kJ kg, ) Vapothermal | Hydrothermal

Biomass, dry 180 180 S :
nergy consumption
Water (biomass/medium) 342 5540 gY P
. . vapothermal << hydrothermal
Steam (evaporation+heating) 116 1418

Total 638 7138

[1]
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Vapothermal and hydrothermal pre-treatment of common reed
= Conclusion

<
™

= Biomass water content during vapothermal pre-treatment

Medium water content is favourable

Vapothermal pre-treatment Hydrothermal pre-treatment

300

A
ial (MLNG vs
w
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= Vapothermal pre-treatment 5 SR R LI A g
> 3 200 - 3 200 &
170 °C Narrow temperature optimum S m  § e g o
g g 100 "
150 0-5.::. 04‘;::
+18 y Lower mass loss o 0 2 30 40 50 o 10 ;30 40 e

* Untreated - 130°C + 150°C = 170°C = 190 °C

= Hydrothermal pretreatment

Effect on biogas production
170 °C Broader temperature optimum gasp

Effect on composition

Higher cellulose retention Energetic estimation

— Vapothermal pre-treatment can yield competitive results while

comprising lower mass loss and energy consumption
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