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By minimizing product inhibition, vacuum fermentation is effective in 

reducing equipment size and cost for rapid ethanol production. However, a 

recent paper by Ghose and Tyagi describes the process as too energy intensive 

to be practical. This objection is shown to be unfounded. Energy requirements 

for vacuum operation arecompar~ble to those for conventional processes when 

suitable techniques for energy recovery are employed. 

Vacu-ferm is an important new process for rapid fermentative production of 

alcohol fuel. In a recent article Cl), Ghose and Tyagi state that vacuum 

fermentation is an effective way to remove end product inhibition and thus 

greatly increase ethanol productivity. Ghose and Tyagi then go on to discount 

this process for industrial application, citing very high energy requirements 

for the vacuum compressors. This overlooks, however, the work of Cysewski and 

(\ Wilke (2), who have shown that energy requirements for rapid production of 
) 

J azeotropic ethanol using vacu-ferm need not be high. 

The traditional batch process for azeotropic ethanol production is shown 

schematically in figure 1. A plant size of 25 million gallons of azeotropic 

alcohol per year is used. Fourteen 100,000 gallon batch reactors, each with 

1 . 8 gm ethanol (3) C·' 1 d' . . 1 h 1nc u 1ng . r. an average productivity of 6 hour down time 

between cycles) are operated to feed the continuous distillation system. The 



- 2 -

total energy requirement for fermentation distillation and yeast recovery from 

a 10 wt% glucose feed is 28,530 Btu/gallon (in close agreement with the energy 

requirement which Ghose and Tyagi assigned to this process is their analysis). 

In the continuous vacu-ferm process, the fermentor is operated at low 

pressure (51 mrnHg) so that ethanol is boiled away as it is formed. With 

fermentor beer ethanol concentration maintained at 3.5 wt% or less, end product 

inhibition is removed. Products are taken overhead as vapors rather than 

leaving in a dilute stream which would also carry away yeast cells. The yeast 

cell concentration builds up to high levels. Very high sugar concentration 

feeds can be fermented, and productivity is increased forty-fOld to 80 

gm ethanol 
1. hr. 

The process flow's for a 25 million gallon per year vacu-ferm plant are 

shown in figure 2. 30 wt% glucose solution (diluted from high test molasses) 

is fed continuously to a single 40,000 gallonfermentor. Fermentation occurs. 

The beer boils at low pressure and an equilibrium mixture of ethanol and water 

plus all carbon dioxide produced is taken overhead. A 3050 HP compressor 

removes these vapors, thus maintaining the desired vacuum. 

To reduce energy requirements, vapor recompression heating is used. Rather 

than compressing the vapor mixture entirely to atmospheric pressure, the 

main compressor compresses the vapor to only 118 mmHg. At this pressure~ the 

vapors can be passed through a coil in the ferment or and heat will be exchanged, 

both condensing the ethanol and water vapors and providing heat for boil up in 

the fermentor. The liquid ethanol water mixture can now be pumped at low 

energy cost to atmospheric pressure while a second compressor is required to 

remove the carbon dioxide gas from this system. 

Added energy requirements for the two compressors amount to 4,500 Btu/gallon 

of product. However, the fermentor flashing operation provides a first 
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concentration step yielding a relatively concentrated (17 wt%)ethanol feed 

for the final distillation. Less water must be handled in the main distillation 

column and distillation energy savings thus result. The overall energy 

r"'\ requirement for production of azeotropic ethanol by the vacu-ferm process is 
\ , 

:,.,i 30,020 Btu per gallon (not the 29-fold increase in energy requirement claimed 

by Ghose and Tyagi) .. 

If a dilute hydrolyzate sugar solution is used, concentration to 30 wt% 

sugar is necessary to gain all the advantages of the vacu-ferm process, but this 

concentration can be accomplished at reasonable energy cost by applying multi-

effect evaporation and then using the steam from the final effect to drive the 

distillation. 

The continuous vacu-ferm process, by greatly increasing ethanol productivity' 

and thus reducing equipment size and capital cost, offers promise of making 

possible production of low cost ethanol fuel. Energy requirements for this 

process are only slightly larger than those for conventional processes and 

should not be considered a drawback. Other important technical difficulties 

the need to meet oxygen maintenance requirements and to maintain long term 

asceptic operation under vacuum -- must be overcome in industrial application. 
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Figure 2 VACUFERM FERMENTATION PROCESS 
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