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Abstract
Brewers’ spent grain (BSG) and palm kernel meal (PKM) can be used to integrate protein extraction and ethanol 
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Process plan and unit tasks

The improved on process stream chart of the virtual biorefinery is 
displayed. The process of producing ethanol is depicted at the bottom, 
while the process of producing protein is depicted at the top. SuperPro 
Designer is used to create the flow diagram, which makes it possible 
to calculate mass balances. For the production of ethanol and protein 
powder, respectively, assumptions and estimates regarding unit opera-
tions are provided. The two cycles are associated by an incorporated 
succession of unit tasks that reach from biomass pre-treatment the en-
tire way to the recuperation of the final result [8].

Bought hardware costs and fixed capital

In view of the mass offset with the stream measures, the hardware 
size and the bought gear costs are assessed, utilizing scaling factors. The 
costs of purchasing the equipment are based on Humbird et al. 2017 
for Alcalase hydrolysis fermenters; Maroulis and Saravacos (2007) for 
the filter press and centrifugation; expert knowledge of WR for reverse 
osmosis; Towler and Sinnott (2013) for spray drying; and SuperPro 
Designer for ethanol production [9]. The derived fixed capital costs and 
the estimated costs of purchasing equipment Material-related costs. 
The prices of raw materials were previously determined to be €125 per 
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