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«SucciniGas» Project

Succinic Acid from Agricultural Residues

This project, started jointly by PFI Biotechnology and the US University of Nebraska-Lincoln (UNL)
at the beginning of October 2017, bears the title «Integrated Succinic Acid Production Using Xylose
from Lignocellulose and Carbon Dioxide from Biogas and Ethanol Fermentation — SucciniGas».
Having a duration of three years, the project is funded within the Bioeconomy International
program of the German Federal Ministry of Education and Research (BMBF). The principal focus is
on the production of succinic acid by adapted microorganisms which can synthesise succinic acid
from xylose and CO,.

The European Union supports the development of a

sustainable bio-based economy. The set goal is to produce

not only food but also materials and energy from biomass. InternatiOnal submission platform
One such biomass is crop straw, which has long been at the

focus of attention at PFIl. Succinic acid was identified as one of the principal bio-based, so-called
platform chemicals which can be used in the chemical industry as precursors for a wide range of
applications, such as the production of polymers. Development of cost-favourable production
processes is of particular importance in this connection.

Approach: Utilisation of By-products from Biorefineries, Biogas Plants, and Bioethanol Production
Facilities

Biorefineries producing glucose by saccharification of the cellulose fraction of lignified agricultural
residues also produce xylose among other by-products. Xylose originates from the hemicellulose
fraction on thermochemical digestion. Xylose is a pentose which has so far found few possible
applications. For example, xylose cannot be fermented by the traditional yeast Saccharomyces
cerevisiae to form ethanol. Actinobacillus succinogenes is a bacterial strain which naturally produces
succinic acid. The goal of this project is to genetically optimise this strain for utilisation of xylose.

The carbon dioxide necessary for the process comes from biogas or from bioethanol fermentation.
Biogas plays an important role as a source of CO, primarily in Europe. It generally has a CO,
concentration of between 30 and 50%, which has hitherto been released unused into the
atmosphere. Over 8000 biogas plants in Germany represent an adequate potential source of the by-
product CO, for material utilisation.

Bioethanol production is a major industry in Nebraska. In fact, Nebraska is the USA’s third largest
maize grower, and produces 76 million hectolitres of bioethanol per year from 18 million tonnes of
maize. No less than 0.95 kilogram of CO, is generated for every kilogram of ethanol produced by
fermentation. Thus Nebraska has enormous quantities of CO, available for material utilisation.

Pruf- und Forschungsinstitut Pirmasens e. V. | Sitz der Gesellschaft: Pirmasens | Geschaftsfuihrerin: Dr. Kerstin Schulte Page1/3
Amtsgericht Zweibriicken | Vereinsregister-Nr.: 20209 | USt-IdNr./VAT ID: DE149606869



Biotechnology

Fermentation in a Trickle-bed Reactor

Mass transfer of the liquid and gaseous nutrients can be improved by use of a trickle-bed reactor.
The organisms responsible for production settle on a solid surface while a liquid nutrient tickles from
top to bottom through the reactor. Simultaneously, gas (biogas or CO, from bioethanol production) is
blown in at the bottom and flows upward in countercurrent mode. The organisms thus receive an
optimum supply of nutrients and CO,. This concept also permits the precipitated succinic acid to be
drawn off from the bottom of the reactor in the liquid phase.

Dual Benefit from Process Coupling

Coupling of xylose fermentation to succinic acid production by utilisation of CO, from biogas benefits
both processes. On the one hand, cost-favourable substrates, viz. xylose from lignocellulose and CO,
from biogas, become available for succinic acid production; at the same time, utilisation of the CO,
removes it from the biogas which can then be fed into the natural gas grid as biomethane. This
combined process therefore represents an alternative upgrading method for biogas. The carbon
footprint of biogas or bioethanol can thus be further improved by material utilisation of CO, for
succinic acid production.
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Further information:

Dr. Stefan Droge

Head of Biotechnology and Microbiology
Tel: +49 (0)6331 24 90 846

E-Mail: stefan.drége@pfi-biotechnology.de

Project partner:

\
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Mark R. Wilkins, Ph.D., P.E.
[ Director, Industrial Agricultural Products Center

Professor of Biological Systems Engineering

Professor of Food Science and Technology

Institute of Agriculture and Natural Resources
College of Engineering

University of Nebraska—Lincoln
211 L.W. Chase Hall, P.O. Box 830730, Lincoln, NE 68583-0730
402-472-8250 | mwilkins3@unl.edu| agproducts.unl.edu

The project presented in this report is funded by the German Federal Ministry of Education and
Research under Grant Number 031B0479, for which we wish to express our sincere thanks.
Responsibility for the content of this publication rests with the author.
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