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Abstract 
Food security and nutrition is a challenge to address within the next coming years (CFS, 2017), 
and it is foreseen that green biorefineries will play a pivotal role in ensuring food security and 
supporting local economies (WEF, 2019). The idea to treat herbaceous biomass as a source for 
alternative protein emerged during World War II to assist in the fight against hunger (Pirie, 1942). 
Even though the concept for processing green biomass dates back, practical knowledge needs to 
be cultivated as a function of the value chain within the biorefinery concept. Today, green 
biorefineries are called to satisfy the increasing demand for protein and, at the same time, to 
produce a wide variety of products. The local economy offers many opportunities for industrial 
synergies; however, the feasibility of each partnership needs to be evaluated first. Flexibility needs 
to be accounted in terms of feedstock types, potential products, and available technologies. The 
complexity and the size of the problem call for a systematic approach. 
This work is linked with the industrial development of a green biorefinery at AU Foulum in Denmark 
(DCA, 2020). Process synthesis with modular superstructures (Mountraki 2019) is extended to 
green biorefinery systems in order to evaluate the different configurations of the AU Foulum plant. 
Given is the availability and type of biomass, the targeted products and their quality specifications, 
and the available technological configurations along with their yields, input constraints, and outflow 
specifications. The scope is to select which configurations (chemistries, technologies, and 
machinery) achieve a flexible biorefinery scheme that satisfies the regional needs. Regional needs 
include feed for husbandry, food, chemicals, and energy. Each modular unit represents a different 
configuration for a section of the process. Flexible manufacturing systems need to adapt quickly 
not only in the raw materials and/or products but also in the manufacturing capacities. Therefore, 
different modular units for the same process section may co-exist.  
Early results show that different targeted products choose different design configurations. The 
modular design requires investment in multiple units for the same process section. However, 
depending on the specifications of the product, this may be only one extra unit of equipment (e.g., 
one fermentor). Moreover, one process stream may produce multiple products (stream split). 
Especially the stream of leaf protein concentrate (LPC), or else known as green protein, is vital for 
the profitability of the process. Future work will evaluate how industrial synergies, seasonality, and 
uncertainty in the biomass composition affect the selected design configuration. 
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