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Problem Identification and Related Research  
The amount of corn used for ethanol production has increased 17-fold during the 

past 20 years, to more than 600 millions bu/year. This has resulted in 4.9 billion gallons 
of ethanol valued at $10.8 billion and 12 million metric tons of distillers grains valued at 
$ 1.6 billion in 2006 (RFA 2005a). Much of the fuel ethanol production capacity in the 
United States is concentrated in NC-213 states. Wet milling and dry grinding are used to 
produce ethanol from corn. Wet milling involves soaking the corn kernel in water 
(steeping) to soften it and fractionating it into its chemical components. Fractionation 
separates the starch, protein, fiber, and germ, and allows these components to be 
processed separately. The three major coproducts of wet-mill ethanol production are 
animal feed products, i.e., corn gluten meal (high protein, 40%) and corn gluten feed (low 
protein, 28%), and corn germ, which may be further processed into corn oil. In dry 
grinding, the corn kernel is physically broken apart and not fractionated, which results in 
one primary coproduct, i.e., distillers dried grains with solubles (DDGS). The marketing 
of coproducts represents approximately 10-20% of the product value from a dry grind 
ethanol plant, and thus is an important income stream to offset ethanol processing costs 
(Rausch and Belyea, 2006). This is especially important because dry-grind ethanol plants 
account for 70% of ethanol production in the U.S. and DDGS are the only coproduct 
available (RFA, 2005b).  

The fermentation and distillation steps have undergone many technological 
improvements, which have increased energy efficiency of ethanol production by 67% 
since the 1970s (Shapouri et al., 2003). However, not much attention has been paid to 
address the issues of energy efficiency and quality of coproducts. For example, DDGS 
are affected by high concentrations of fiber and phosphorous, variability in composition, 
and high cost of water removal (Rausch and Belyea, 2006). Variability in composition 
and moisture reduces quality and hence marketability. Also, the high drying cost of 
DDGS decrease coproduct margins. As ethanol margins shrink, the dry-grind ethanol 
industry will be forced to strive for increased product quality and drying process 
efficiency. In order to correctly implement energy saving and quality improving 
strategies during the DDGS drying operation, fluid-solid transport modeling and process 
optimization coupled with on-line performance monitoring of rotary dryers in dry-grind 
ethanol processing plants is proposed in this project. 

Dry-Grind Corn-to-Ethanol Processing 
The basic steps in dry-grind corn-to-ethanol processing are grinding, cooking, 

liquefaction, saccharification, fermentation, distillation and recovery (Figure 1). After 
fermentation is completed, the resulting material (beer) consists of liquid (8-12% ethanol 
by weight) and non-fermentable solids. The ethanol is separated from the water part using 
distillation columns. The residual water is then removed using molecular sieves that 
selectively adsorb the water from the ethanol/water vapor mixture, resulting in nearly 
pure ethanol (>99%) (Mosier and Ileleji, 2006). The whole stillage is withdrawn from the 
bottom of the distillation unit and is then centrifuged to produce wet grains and thin 
stillage. Some of the thin stillage is recycled to the beginning of the dry-grind process to 
conserve the water used by the facility. The remaining thin stillage passes through 
evaporators and is concentrated to produce condensed distillers solubles (syrup; CDS). 
This syrup is then mixed with distillers wet grains (DWG) at 60-65% moisture content 




