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NIR Technology Applied to the Ethanol Industry

Renewable fuel and alternative energy sources are one of the fastest growing sectors in North America.     There is a demand for implementing analytical technologies which are rapid, reliable, and requires very little training for operators in order to maximize the potential of every ethanol facility.   

Near Infrared spectroscopy has been a reliable technique for measuring raw ingredients, mash preparation, fermentation, and finished product analysis at an ethanol facility for the purpose of maintaining quality of products and improving processes.   Whole kernel corn can be analyzed for starch (RMSECV=1.2), oil (RMSECV=0.5), protein (RMSECV=0.5), and moisture (RMSECV=0.3); where high starch content is valued.   Corn is the common commodity for North America; however, calibration models for other materials such as wheat, barley, or rye could be developed.  Corn is milled into a flour, and mixed with water, enzymes, and a nitrogen source, and then processed through a jet cooker into a slurry, where the solids\water (RMSECV= 0.4) content can be measured by NIR.   Solids content can range from 20 – 35%w/w solids, depending on operation parameters, and raw materials.  After cooking, the mash slurry is cooled and yeast and enzyme is added.  NIR technology can be used at this point to monitor fermentation progress mainly for ethanol content (RMSECV=0.14); and other minor components at various stages of fermentation such as glucose (RMSECV=0.5), lactic acid (RMSECV=0.1), and glycerol (RMSECV=0.1).    Other calibration models for rye mash, barley mash, and molasses have been created for the same compounds.  Once fermentation is complete the mash is distilled and two products are created - ethanol, and distillers dried grains with solubles (DDGS).   The ethanol (RMSECV=0.05) content in distillate, or blended distillates can be measure by NIR.   Also the DDGS is a profitable source of revenue for distillers that is sold to the agriculture industry for feed due to protein (RMSECV=0.5), moisture (RMSECV=0.4), fat (RMSECV=0.4), fibre (RMSECV=0.5), and ash (RMSECV=0.2) content.   During the manufacture of DDGS, it is important to monitor water (RMSECV=0.5) content at various stages of drying for energy efficiency purposes and quality of product.  

One of the challenges in implementing NIR into a distillery is to generate reliable calibration models.   Factors affecting model reliability are primary reference methods, a constantly changing process, and instrumentation.   For example of ethanol content in corn mash can be measured by either by HPLC (RMSECV = 0.66) or by distillation – DMA (RMSECV = 0.14).  Due to variation in methodology, it is important to develop industry standard primary test methods to maintain consistency.  

 Ethanol producers require an NIR instrument that is flexible to monitor solids, liquids, pastes; which can be hot or cold, without any sample preparation.   Also, an NIR instrument that has the ability to transfer calibration models to different locations without any problems is an asset as many ethanol producers own several facilities.   

