Municipal green waste as feedstock for microbial fermentations
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Abstract

In view of the depletion of fossil fuels as well as an increasing demand of energy and resources, the need for a circular economy is evident. Material formerly seen as waste is considered
as potential resource. In 2019, 5,194 t of municipal green waste accumulated in Germany [1], constituting a major waste stream in urban areas. Composting or the production of biogas,
which is the method of choice for the deposal of this material so far, is economically not worthwhile. Municipal green waste comprises grass clippings as well as tree and hedge pruning
from gardens, parks and cemeteries. Consisting mainly of lignocellulose, a polymer of lignin, hemicellulose and cellulose, municipal green waste is a promising feedstock for microbial
fermentations. Besides carbohydrates, additional components such as proteins, vitamins and minerals can also be obtained from green waste. The complex structure of lignocellulose
requires different pretreatment methods. Depending on the moisture content of the biomass, pressing leads to a nutritious press juice, which serves as fermentation medium or medium
supplement for microbial cultures. Dry biomass and biomass containing elevated amounts of recalcitrant lignin is pretreated hydrothermally. The OrganoSolv process removes the latter
using high temperatures and pressure as well as ethanol as solvent. Pretreated material is hydrolyzed enzymatically to release monosaccharides which are subsequently used as carbon
source for fermentations.

Pretreatment Process schematic

Municipal green waste m———)  Pressing

Pretreatment of lignocellulosic biomass is necessary to break up the polymeric structure of lignocellulose.
The main goal is the removal of recalcitrant lignin and the dissolution of cellulose and hemicellulose.

During a subsequent enzymatic hydrolysis, the carbohydrates are fragmented into monosaccharides.
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The press juice can be used directly for microbial fermentations as fermentation medium or medium supplement.

Fig 1: Composition of biomass prior to pretreatment and after Fig 2: Enzymatic hydrolysis of lignocellulosic biomass with different enzyme
hydrothermal pretreatment with different conditions. Biomass:  mixtures. NS-22192, Novozymes, Denmark; B-Glucosidase 1000, ASA Spezi-

Dry biomass is pretreated hydrothermally in a high-pressure reactor using elevated temperature, pressure and ethanol

wood shreds from beech and pine. Pretreatment conditions: alenzyme, GmbH, Germany; both mixtures of 3-glucosidase, cellulases and
OrganoSolv with 48% eth-anol, 190°C, 78 min; OrganoSolv with  hemicellulases. 2.8 mg NS—22192. per g Substrate, 2.5 mg B-Glucosidase 1000 as solvent. The residue as well as the solid fraction from the pressing step is hydrolysed enzymatically. As the strain
80% ethanol, 185°C, 15 min; n=2. per g Substrate. Substrate A: residue from OrganoSolv pretreatment of wood

shreds with 48% ethanol, substrate B: residue from OrganoSolv pretreatment
of wood shreds with 80% ethanol. Hydrolysis at 30°C, overhead shaker, 0.1 M
acetic acid-sodium acetate buffer pH 5.0 with 0.2 g-L" NaN_; n=2.

during the pressing step constitutes a mechanical pretreatment, a further hydrothermal treatment of herbaceous

biomass is not profitable.

Application of grass press juice in microbial fermentations
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Conclusion and perspective

A process schematic for the use of municipal green waste as feedstock for the fermentative production of base and fine chemicals was developed. Humid green waste was pressed using a screw
press to obtain a press juice. Simultaneously, the biomass was mechanically pretreated, which supersedes further hydrothermal pretreatment. Hydrothermal pretreatment was performed with
ethanol to remove recalcitrant lignin. Grass press juice is a suitable fermentation medium for the production of lactic acid by Lactobacillus delbrueckiisubsp. /actisand ethanol by Saccharomyces
cerevisiae. Furthermore, the suitability of the addition of grass press juice for the cultivation of Clostridium acetobutylicum was examined. Different enzyme mixtures were tested for the
saccharification of municipal green waste. In a next step, the suitability of the enzymatic hydrolysate of biomass as carbon source for microbial fermentations is examined.
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