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ABSTRACT  

Current corn-based ethanol production is inefficient and very demanding in terms of fertilizers and 
water supply. Sweet sorghum and sweet pearl millet have been proven to be excellent alternatives 
to corn as they grow easily on poor and dry soils and require less degree-days. These two energy 
crops have to be harvested before the grain is mature, conserving therefore a good ethanol 
potential on early frost seasons. However, current juice extraction methods require carrying the 
biomass to a transformation plant. This results in a significant loss of organic matter or forage and 
in higher transportation fees, limiting the profits as well as the soil fertility over the years. The 
objective of this research study was to design, build, and test a commercial prototype press for in-
field juice extraction. Many tests were conducted in the field where the biomass of sorghum plants 
was harvested, chopped, weighed, and pressed. The juice was collected and the pressed residue 
(bagasse) was returned to the ground. Results obtained from two years of experimentation (2014 
and 2015) showed a potential of extracting up to 57% of the total biomass juice. Extraction rates 
put in relation to pressing time and pressure suggest that the juice yield varies little with these two 
parameters. 

 

Keywords: Bioethanol, sweet pearl millet, biomass, juice extraction.  

 

  



 

 

2 

 

INTRODUCTION  

Over the last century, energy needs have grown to unbound proportions. While fossil fuels have 
been the main source of energy, global warming issues have become real and dire. Governments 
have taken action and forced the use of ethanol in the transport sector as a green and renewable 
energy. In North America, the ethanol is unfortunately produced from corn which requires lots of 
water and fertilizers for better yields. 

Sweet sorghum has been proven to be an excellent alternative source of sugar (Monroe and Bryan, 
1984) and to resist well to drought. This energy plant could yield of up to 80% more ethanol than 
corn (Smith and Buxton, 1993) and does not require any transformation compared to corn which 
needs saccahrification before fermentation. Still one problem persists: the sugar is contained in the 
juice and currently no way is available to extract it directly on the farm. Crépeau et al. (2015) 
indicated that a hydraulic piston press could be efficiently used to extract the juice from the biomass 
at rates of up to 0.366 L/kg. 

In order to have a fast and efficient extraction method that reduces transportation costs, a large 
scale prototype of juice extraction press was developed. This prototype press is capable of 
extracting the juice from 45 tons of sweet sorghum biomass in one hour. It was designed to operate 
in combination with a forage harvester and extract the juice from the plant biomass directly in the 
field without stops or further handling.  

The objective of this research study was to investigate the extraction rates of juice with regard to 
the pressing time of the biomass.  

  

MATERIALS AND METHODS 

Press design 

A press was designed and built at the Department of Soils and Agri-Food Engineering of Université 
Laval, Quebec, Canada (Fig.1). This press has two compression chambers, the first one is 800 mm 
large and 900 mm high by 2540 mm long and the second one is 800 mm large and 900 mm high by 
800 mm long. Both pistons are actuated by hydraulic cylinders applying forces of 632 kN and 1160 
kN, respectively for pressures of 0.86 and 1.6 MPa on the biomass. The walls of the compression 
chambers and the faces of the pistons are drilled of 4 mm diameter holes every inch. The sides of 
the press are covered with polymethylmethacrylate panels to prevent the loss of pressed juice. 

 

Figure 1: Prototype press top section view. 
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Experimental design and procedure 

2014 preliminary tests 

The biomass was harvested on September 19, 2014 and the tests were carried out on September 
23. The sorghum was harvested when the panicles were developing which represents the 
adequate stage at which the juice contains the most soluble sugars. Harvesting the biomass and 
pressing it were performed on different days because of technical issues. Two 40 m width x 60 m 
long plots were harvested with a forage harvester. Thereafter, the biomass was chopped (6 mm 
long approximately) and piled in the field. During the pressing process, the biomass was first 
weighed in plastic containers and then placed into the compression chamber #1 of the press. The 

weight of the pressed biomass varied from 627 to 717 kg per batch. The applied pressures were 
0.78 and 1.6 MPa in chambers one and two, respectively. The pressing times were 120 seconds in 
each chamber. The tests were conducted at the Université Laval experimental station in St-
Augustin-de-Desmaures, Quebec, Canada. 

2015 experiments 

The sorghum was harvested on September 17, 2015 and the tests were carried out the day after. 
The plant was harvested at the same stage of the previous year. The 40 x 60 m plot yielded 
2 951kg of biomass which were harvested with a forage harvester and left on the field. Two 
pressing times were considered in the first chamber (10 and 30 sec.) followed by two pressing 
periods of one minute each in the second chamber. The pressure applied was 0.78 MPa in the first 
chamber and 1.6 MPa in the second chamber. The pressing time started when the required 
pressure was reached. Treatments were randomized and replicated three times. The tests were 
conducted at the Université Laval experimental station in St-Augustin-de-Desmaures, Quebec, 
Canada. 

Data collection and analysis 

The biomass was weighed in 100 L containers and then placed in the prototype press until the first 
pressing chamber was full. Three biomass samples of approximately 300 g were taken and 
weighed prior to each pressing. In the 2014 experiment, the juice was weighed at the end of the 
treatment whereas in 2015, the juice was first weighed after being pressed in the first chamber, 
then after being pressed in the second chamber, and finally at the end of the cycle. The juice was 
collected at the bottom of the press, transferred into buckets, and then weighed using a scale. 
Three samples of bagasse (pressing residue) were taken after each pressing and dried in an oven 
at 90°C for 48h. Samples were re-weighed to determine their moisture content. The difference in 
moisture content between the initial biomass (before pressing) and the bagasse was used to 
compute the extraction rates and adjust the raw extraction rate taking into consideration the losses. 
Obtained data were analyzed using the SAS software (SAS Institute, 2015).  

RESULTS AND DISCUSSION 

2014 preliminary tests 

Since only one treatment was conducted in 2014, no statistical tests were performed. However, it is 
interesting to mention that the obtained results agree with those of Crépeau et al. (2015). Table 1 
shows that an extraction rate of 0.45 kg of juice per kg of biomass was obtained in 2014, which is 
promising.  
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2015 experiment 

In 2015, no significant interactions were found between the study variables for both treatments 
(Table 1).  

 

Table 1: Treatment effects on juice extraction, rate of water extracted (RWE), and initial and final 
moisture contents (MC) 

 Year-treatment Juice extraction RWE* MC** final MC initial 

 
(kg/kg) (%) (%) (%) 

 
2014 0.45 54.35 69.44 83.24 

 2015-1 0.34 43.12 68.49 79.14 
 2015-2 0.38 48.15 66.43 

 
P Values 

    
2015-1 /2015-2 NS NS NS 

 2014/2015 0.0099 0.0293 NS 0.0109 
NS: Not significant 
* Rate of water extracted 
** Moisture content    

  

No difference was observed between the two treatments applied in 2015 at the 5% level of 
significance. On the other hand, juice and water extraction are significantly different in 2014 and 
2015 but the final moisture contents are not, even though the initial moisture contents are different. 
This suggests that the pressing time would have little impact on the final extraction rate on a fairly 
long pressing time. Considering that all treatments have been conducted at a constant pressure, 
this could be the key parameter driving the final extraction rate. Compared to previous tests carried 
out by Crépeau et al. (2015) using a different press applying lower pressures, the use of this 
prototype press resulted in higher water extraction rates in the range of 43 to 54% against only 
39%.  

   

CONCLUSION 

The results of this study showed that the designed prototype can successfully press a considerable 
amount of biomass per hour. The rates of water extraction obtained with this prototype press 
ranged from 43 to 54%. The final moisture contents of the biomass pressed in 2014 and 2015 were 
comparable, suggesting that moisture content would be a better way to evaluate water extraction 
especially when the initial moisture content differs among treatments. Final moisture content could 
then become a reference value for predictive models to predict juice yield. 

Further studies are recommended to investigate the interaction between the applied pressure and 
duration (time). Tests should be conducted to determine which parameter influences the most the 
final moisture content. 
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