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3. Results and Discussion 

3.1 Description of the Experimental Site 

Table 1  Heavy metal (HM) content of the experimental site and the refuse heap, which is the reservoire for contamination.  
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3.2 Biomass Yield and Heavy Metal Uptake of Sweet 
Sorghum (Sucrosorgo) 

Table 2  Heavy metal (HM) contents of sweet sorgum 
(Sucrosorgo) grown on the brownfield experimental site 
(Gyöngyösoroszi) and on agricultural site (Karcag).  

Table 3  Heavy metal (HM) content of solid and liquid 
phases of sweet sorgum (Sucrosorgo) grown on the 
brownfield experimental site after pressing.  

3.3 Arrangement of the Pilot System 
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KZK60 distillatory (60 L, propane-butane gas heater) 

with a cooling cycle (100 L + 275 L spooler) (Fig. 1). 

The liquid flow in the system is moved by a Rover 20 

CE type peristaltic pump. The CAD design of the 

planned pilot birorefinery system is shown in the Fig. 2. 

A controller and data collecting system monitors the 

following parameters: temperature of the liquid and air 

phase of the fermentor; the temperature, current 

consumption and quantity of the circulated water in the 

heating cycle; temperature of the liquid and the air 

phase in the distillatory; the temperature, current 

consumption and quantity of the circulated water in the 

cooling cycle; and the operating time of the pumps. The 

temperature of the liquid phase is regulated in the 

fermentor. It is hold between 16 and 23 C. 

In this system, we could produce ethanol; however, 

acidic fermentation is started spontaneously after 

shredding and pressing (Fig. 3). The effectiveness of 

the pressing was 41.41% ± 0.07. 

The controlling system worked appropriately, the 

temperature of the liquid phase in the fermentor 

changed  between 15-22 C, and  temperature of the  
 

 
Fig. 1  The scheme of the planned pilot birorefinery system.  
 

 
Fig. 2  The CAD design of the planned pilot birorefinery 
system.  

distillation was 78-80 C. However, a mixing engine 

was connected to the fermentor, it was not operated to 

maintain of anaerobic conditions for fermentation. The 

current consumption of the system was 48.7 ± 8.7 kWh 

(i.e. 175,440 ± 31,323 kJ) in a fermentation cycle (4 

day). The produced ethanol, the spontaneously 

produced lactic and acetic acid and the sugar (sucrose, 

glucose, fructose) contents were monitored daily. 

3.4 Monitoring of the Fermentation 

In the pilot-scale biorefinery system, 200 L liquid 

phase of the sorghum was transferred to the fermentor. 

The liquid was inoculated by yeast (Saccharomyces 

cerevisiae) and incubated for 4 days at optimal 

temperature for growth (15.24-21.62 C). During the 

fermentation, carbohydrates, organic acids and ethanol 

content were followed by HPLC. 

The results show that sucrose and glucose was 

decreased during the ethanol production (Fig. 3). The 

sugar content of the liquid phase of the sorghum was 

low (1.84-3.55 g L-1 sucrose, 4.04-11.94 g L-1 glucose), 

it was converted to ethanol, in spite of that spontaneous 

acidic fermentation was observed during the shredding 

and pressing. The spontaneous acidic fermentation 

produced 0.36-2.41 g L-1 acetic acid and 1.95-9.91 g L-1 

lactic acid, which turned the pH to 4.48-5.83. The acetic 

and lactic acid content did not change in the 2nd and 3rd 

(F2, F3) fermentation phases, however it increased in 

the first (F1). The reason of this phenomenon may be 

that oxygen was dissolved into the liquid after mixing 

during the sampling. Based on these results, mixing was 

omitted in the 2nd and 3rd (F2, F3) fermentation. On 

this pH and the conditions above 3.36-8.48 g L-1 

ethanol was produced. From this material 12.5 L 

purified ethanol was produced by distillation having 

20.00 ± 4.08% ethanol. In a second distillation step, 6 L 

ethanol was produced with 40% ethanol content. 

Consequently, sweet sorghum is an appropriate raw 

material for ethanol production. However, the 

shredding and pressing must be further optimized to 

inhibit the spontaneous acidic fermentation. Probably, 

cooling and  increasing  the pH might be  appropriate  
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Fig. 3  Changes of the (a) sucrose, (b) glucose, (c) fructose, (d) ethanol, (e) lactic acid and (f) acetic acid content during the 
three independent (F1, F2, F3) fermentations.  
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3.5 Energetic Utilization 

 
Fig. 4  Biogas production of sweet sorghum (Sucrosorgo) grown on the brownfield site in a monthly experiment compared to 
the anaerobic sludge and sweet sorghum (Sucrosorgo) grown on an agricultural site: (a) total amount of biogas; (b) methane 
content of the biogas.  
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Table 4  Combustion characteristics of sweet sorghum grown on brownfield site.  

4. Conclusions 
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