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Abstract : It is an important issue to develop quality assessing system for biofuel for the purpose of accelerating the mass
production of biofuel. It is particularly challenging to conduct testing method in the mass production of bioethanol while meeting
quality specifications such as ASTM (American Society for Testing & Materials) D4806-10. In order to address this challenge,
this paper proposes on-line spectroscopic quality assesment system based on Near Infrared spectrum and Partial Least Squares
method in Chemometrics. As a result of testing a number of preprocessing methods and Partial Least Squares, it was found out
that Savitzky-Golay method showed the best performance in terms of spectrum correction, noise reduction, and model main-
tenance. The proposed system allows us to assess multiple quality components continuously using spectroscopic facilities with
the cheap cost. Since the value of R2 is more than 0.99, it is possible to replace the laboratory analysis.
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Figure 1. A typical Bioethanol production process from lignocellulosic biomass.
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Table 1. Specification of Bioethanol given by ASTM D4806-10[4]

Property Limit ASTM method
Ethanol, volume %, min 92.1 D5501
Methanol, volume %, max 0.5 D5501
Solvenrtn \gX;aisolI)er(ril fiugaiontent, 5.0 D381
Water, volume %, max 1.0 E203 or E1064
r;f;";ii“("m?i")flﬂix 10 D7319 or D7328
Copper, mg/kg, max 0.1 D1688
Acidity (as acetic acid
CH3;COOQOH), 0.007 D1613
mass % (mg/L), max
pH 6.5t09.0 D6423
Sulfur, mass ppm, max 30. ];)52465232;?3;(2)(3)’9
Total sulfate, mass ppm, max 4 ID7318,D7319 or D7328
Benzene, vol% max 0.06 D5580
Olefins, vol% max 0.5 D6550
Aromatics, vol% max 1.7 D5580
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Figure 2. The proposed online measurement system design using
Near Infrared spectroscopic analysis and Chemometrics.
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Figure 3. Electromagnetic Spectrum (Infrared region).
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Figure 4. Indirect modeling by PLS.
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Figure 5. Raw NIR spectrum of standard samples.
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Figure 6. NIR Spectrum corrected by MSC.
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Figure 7. NIR Spectrum corrected by SNV.
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Figure 8. NIR Spectrum corrected by OSC.
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Figure 9. NIR Spectrum corrected by Savitzky-Golay preprocessing.
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Table 2. Regression results in terms of the number of latent variables

in PLS models
Component The number of latent variables in PLS models
Raw | SNV | MSC | OSC | Savitzky-Golay
All component | 27 27 21 20 12

Ethanol 14 13 13 13 5

Methanol 14 13 13 12 5

Water 13 12 12 10 5

Olefin 13 14 14 13 5

Benzene 13 14 14 12 5
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Table 3. Regression results in terms of R* values

R® value
Component -
Raw | SNV | MSC | OSC |Savitzky Golay
All component | 0.990 | 0.992 | 0.993 | 0.991 0.992
Ethanol 0.998 | 0.993 | 0.993 | 0.993 0.993
Methanol 0.993 | 0.992 | 0.991 | 0.991 0.992
Water 0.991 | 0.994 | 0.993 | 0.992 0.990
Olefin 0.997 | 0.991 | 0.993 | 0.991 0.991
Benzene 0.991 | 0.995 | 0.997 | 0.994 0.995
96 . ; : : . Z
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Figure 10. Predicted versus actual ethanol concentration in standard
samples (using Savitzky-Golay preprocessing).
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Figure 11. Predicted versus actual impurity concentrations in stan-
dard samples (using Savitzky-Golay preprocessing).
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