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Abstract:
Talking about lignocellulosic based biorefineries, commonly bioethanol is the product of interest. Research groups follow different strategies to increase plant efficiency and to reduce production costs to develop an economically competitive fuel production technology. Simultaneous saccharification and fermentation, improved enzymes and adapted or GVO modified yeasts for C-6 and C-5 sugar usage are some of the current research topics. The creation of markets for by-products like lignin can help to improve overall cost effectiveness too. Our research group is examinating all these topics but presents in addition to this 2 new ideas to achieve a real integrated multiple feedstock biorefinery. 
The first new approach is the usage of “new” yeasts for the production of lipophilic compounds which can easily be converted into biodiesel. 
The integration of a biogas plant into the concept of a lignocellulosic biorefinery to minimize energy costs was already established in theoretical examinations. In all concepts of a combined bioethanol and biogas refinery, the biogas plant is only integrated as residual utilization plant. In our second new approach  the biogas plant is upgraded to the same level as the bioethanol production unit to maximize synergistic effects and to optimize the entire energy output. The best utilization concept of different raw materials like wheat straw, miscanthus, maize straw or corncobs for each specific product (bioethanol, biodiesel or biogas) are examined as well as the co-utilization of all liquid and solid waste streams.
1. Introduction:

Lignocellulosic agricultural residues like wheat straw are mainly composed of glucose (cellulose) and xylose (hemicellulose). In a biorefinery a variety of products like fuels (bioethanol, biodiesel), chemicals and energy can be produced from sugar (glucose and xylose) obtained from lignocellulosic agricultural residue. 
[image: ]The workgroup Bioethanolics at the Upper Austria University of Applied Sciences in Wels focused their studies mainly on bioethanol, biodiesel as well as biogas production within a biorefinery. Further concepts were developed for using xylose as a feedstock in next generation biodiesel production and for the leftover after the fermentation as feedstock for a biogas plant (see Fig.1) and the optimal usage of all feedstocks for biogas production. Being able to use feedstocks like wheat straw, corncobs, corn stover or miscanthus and being able to produce different products the process can be classified as a multifeed biorefinery.

Fig.1: The “Wels” biorefinery concept


2. Concept and methodology:

Bioethanol production: The optimization of the bioethanol process includes most of the important steps: A) Improvement of the pretreatment by means of increase of solid (straw) concentration and lowerimg the water addition in the steam explosion process and decrease of the formation of inhibitors during pretreatment. B) “Virtual” increase of the substrate concentration during enzymatic hydrolysis by means of recirculation of the formed sugar solution. C) Adaptation of yeast with the aim of stability towards inhibitors, high temperatures (SSF process!) and high ethanol concentrations as well as the creation of yeast which can simultaneously utilize C-6 and C-5 sugars by means of adaptation (not by genetic modification).

Biogas production: Kinetics for all process steps - pretreatment, hydrolysis and fermentation - are determined and combined with kinetics from the biogas plant. Subsequently all data are implemented in a mathematical simulation program to determine optimal retention times and process flows for an energy optimized bioethanol production plant. Process parameters like washing of the pretreated material or optimal point of fiber extraction are integrated in the optimization process as well. After a successful implementation of the simulation tool data will be completed with economic parameters like investment costs and operation expanses. 
The maximization of total energy output and economic success by optimization but not maximization of the different process steps and an optimal integration of a biogas plant are examined.

Biodiesel production: Crude glycerol from the classical biodiesel production or pretreated, enzymatic hydrolysed corncob are utilized for feeding lipophilic yeast which can produce lipids for further biodiesel production. Each step has to be evaluated; the optimal pretreatment step of corncobs and the feeding condition the yeast.
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