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Background 
 

This report entitled “Report on the test operation and optimization of the biorefinery system” 

was produced under co-finance of the European financial instrument for the Environment 

(LIFE programme) as the Deliverable (C2.2) of Action C.2 of the Project “LIFE CIRCforBIO” 

(LIFE18 CCM/GR/001180) during the implementation of Action C.2 on the “Test operation and 

optimization of the biorefinery system.” 
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Note: 

Deliverable C2.2 encompasses issues related to the test operation and optimization of the 

biorefinery system. 
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Executive Summary 
 

The present report was prepared in the framework of the co-financed European LIFE-

Programme for the Environment and Climate Action. Responsible for its preparation is the 

National Technical University of Athens (NTUA). 

During Action C2.2, at first batch quantities of all biomass streams under study were supplied, 

through the supply and collection system set up in Action A.1, for the feedstock supply needs 

of this Action. The biomass streams under study and their respective suppliers were: food 

waste (households and restaurants), spent coffee grounds (cafeterias), bread waste 

(bakeries), agricultural residues (agricultural cooperatives), potato peel waste (potato chips 

industry), brewer's spent grains (breweries), orange peels (juice industry). 

The different substrates were first analyzed in terms of their composition and properties (e.g. 

moisture, pH, homogeneity, structural polysaccharides, oil, lignin, volatile matter) in order to 

determine their treatment requirements. Then a set of lab scale experiments in flasks was 

carried out. The aim of these lab experiments was to find the optimal conditions with the 

minimum resource consumption and then to test and adjust the optimal conditions to the 

demo biorefinery plant. 

In particular, the objectives of the optimization of the biochemical process were to determine 

the optimal conditions for (i) the pretreatment of the biomass substrates (ii) the enzymatic 

hydrolysis of polysaccharides (starch, cellulose) (iii) the maximization of products yield (used 

oil, bioethanol, biogas) and (iv) the system's water and energy integration.  

Samples were taken for analysis from all process stages in order to close mass balances for 

the whole system and to verify measurements.  

After the process conditions for each biomass stream were simulated and optimized at lab 

scale, the system operated at demo scale at Lavrion Technological and Cultural Park (LTCP) for 

a sufficient period of time in order to optimize the processes in a larger scale. The process 

steps applied were: pretreatment (mechanical and/or physicochemical), enzymatic hydrolysis 

and fermentation, while the fermentation stillage and were anaerobically digested to produce 

biogas and digestate. For each substrate, characterization of the process streams as well as 

monitoring of the energy requirements (both thermal and electrical) were performed. The 

enzymes that were used in the biochemical process were supplied by Novozymes, the world 

leader company in this field. 

Regarding the end products, the quality of the ethanol produced was tested against the 

ethanol fuel standard EN 15376. The bioethanol samples proved to be a high purity 
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biofuel according to the specifications set out in the European standard except for water 

content. The latter was measured equal to 0.450% w/w which is higher than the specification 

(0.300% w/w max). The biofuel, also, had a distinct, however, mild odor. The perspective of 

using the bioethanol produced as fuel additive was also tested.  For this reason, a mixture of 

10% bioethanol with the reference gasoline was prepared and the mixture was shown to be 

on specification to Unleaded Petrol 95 RON concerning EN 228:2012.  

The quality of the produced digestate was also examined against the standards set in the 

national legislative framework (JMD 56366/4351, OG B 3339/2014) and the European policy 

framework (End-of-waste criteria for biodegradable waste subjected to biological treatment: 

compost & digestate, 2014). As soon as it was verified that the digestate produced meets the 

legislative requirements and is suitable for application on land, it was used on suitable edible 

crops (lettuce in pots) cultivated in a delimited area at the premises of LTCP. Next to this area, 

an area of equal size and with the same crops, where no fertilization is applied, was selected 

as the blank sample. Aim of this experiment was to see and to measure the effects of digestate 

application on land. From this test, the positive effect of digestate on crops was more than 

evident. 

Last but not least, the quality of the used oil produced was tested against the standards 

regarding its use as raw material for the production of biodiesel. Based on these 

characteristics, a direct transesterification process is likely to be feasible for the subsequent 

production of biodiesel. In addition, saponification phenomena could be avoided given the 

low moisture content.  

In summary, during this Action, lab scale experimentation and optimization were successfully 

performed enabling the biorefinery system to be tested, further optimised and operated. 

Thus, by this action, the concept of circular economy was fully implemented. 

  


