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1) Motivation and goal

1. Challenge: aromatic chemicals are almost exclusively produced from fossil petroleum nowadays.
Potential: the plant polymer lignin is composed of aromatic monomers, abundant worldwide in non-food biomasses like agricultural residues.
2. Challenge: conventional biorefineries (f.e. for paper production) lead to structural degradation of lighin, which impedes its selective
depolymerization to monomers.
Potential: lignin degradation can be avoided by applying only mild processes (hypothetically anaerobic digestion) for lignin accumulation
and depolymerization could be performed using active stabilization strategies (“lignin-first processes” like reductive catalytic fractionation).

Goal: Depolymerization of lignin in agricultural residues like straw and straw digestates by reductive catalytic fractionation.

2 Proces S Solids Table 1: Composition of the substrates used.
Biomass (250 mg) —» /\ T - Beech wood Rye straw Indg:;f:tlairaw
Hydrogenation catalyst (50 mg) —» — > 7 Ly Solution incl. — > GC/Ms- in wt% (based on dry mass)
Methanol (10 mL) —» || 1 7 lignin monomers Analytics Glucan 05%03 353203 362203
Arabinoxylan 20.6 £0.1 251+0.3 247 +£0.3
\_/ Lignin 24.6 £ 0.5 15.2+0.2 25.6 £0.4
200°C,24h,50barH, Ashcontent 0901 70£0.03 3701
Figure 1: General experimental procedure and process conditions applied for the reductive catalytic fractionation screening experiments. Lignin to holocellulose ratio 0.37 0.24 0.42
3) Results
* Biogenic aromatics can be recovered from the agricultural residues * Yields increase with hydrogen pressure up to 50 bar and with
straw and straw digestates by reductive catalytic fractionation. reaction time up to 7 h (see Figure 3).
* Lignin accumulation during anaerobic digestion (see Table 1) * Monomer selectivity from straw digestates is influenced by H,
— higher yields on biomass-basis from straw digestates than from pressure and catalyst choice in a similar way as observed for
unfermented straw (see Figure 2). woods 12l: High H, pressures and catalysts like Pd/C and NiO/SiO -

* Apparently no significant structural changes in lignin during Al,05 > high shares ot y-OH-monomers 1 and 3 (see Figure 3).

anaerobic digestion, except for a slight degradation of * Monomer yields from hardwoods like beech woods are
hydroxycinnamates (decrease in monomers 5 and 6; see Figure 2). significantly higher both on biomass and lignin basis (see Figure 2).
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o : C .
= 100 ¢ 4w G . 2 beech wood (higher selectivities from wood, see Figure 2).
& - 35 g MeO
C O OH OH
._E 30 - 30 .E 60 - - 100 60 1 - 100
> o <o - 25 > ~ 50 e’ Nl TT 50 po=——kTT * | o
E 60 | —c . %D ’ ’ ooooooo .’0°' ’. " 00000 80 r” .o.‘ 80 O\
Q 6 O — 4 =l I S T e L T PP . | A S
L . - 20 W 40 - ‘ 40 /
> 4 ﬁ > MeO Meo = - 60 L e * - 60 €
O 40 - . - 15 g ) OH o = 30 —A' 30 - ..-’. =
g = > 40 ‘ - 40 O
20 71 &
CC) 20 - 10 8 o % : ¢ =A=Monomer yield _CCU
o et =A=NMonomer yield . 90 . 20U
> > S 2 'H > 10 - -#- Share of y-OH-monomers 10 - -4 Share of y-OH-monomers
0 - 0 MeO OMe MeO OMe 0 | 0 0 | | | 0
Biomass: Rye straw  Straw Straw Beech OH oH 0 . 25. . >0 0 20 40_ 60
digestate digestate  wood . . o Reaction time in h Hz pressure in bar
Catalyst: ~ Pd/C  NiO/C NiSat Pd/C O Yield Y, in C-mol% | o _ . .
Figure 3: Influence of reaction time (left) and H, pressure (right) on monomer yield Yg,, (left axis) and share of y-
Figure 2: Monomer yields Yy, based on biomass weight (left axis) and lignin-based monomer yields Y ;, (right axis). OH-monomers (monomers 1 and 3, right axis) during reductive catalytic fractionation of straw digestate.
NiSat=NiO/Si0,-Al,0,. With NiSat=NiO/SiO,-Al,0,-catalyst.

4) Conclusion

* Biogenic aromatics producible from lignin-containing agricultural residues by reductive catalytic fractionation.

* Lignin accumulation without significant structural degradation during anaerobic digestion - increased yields on biomass basis from digested
biomasses compared to their unfermented counterparts.

 But: most abundant agricultural residues are herbaceous - lower monomer vyields on biomass and lignin basis than from hardwoods.

* Comprehensive techno-economic assessment considering all side-streams needed for meaningful comparison.
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