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Rapid Analysis of Agricultural and Forestry Biomass Fuel
Using Spectroscopy

LU Wen-jiang, YANG Hai-qing

(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: Rapid analysis of biomass fuel is of great importance to the energy utilization of agricultural

and forestry waste. The models for predicting the moisture, ash, volatile matter, fixed carbon and calorific

value of three kinds of agricultural and forestry waste such as pine wood, cedar wood and cotton stalk are

established by using a visible and near-infrared spectroscopy. All of these models have a determination

coefficient greater than 0.88 after cross validation. When the artificial neural network (ANN) modeling

with several latent variables is used, the models have the average determination coefficient of up to 0.95 for

moisture. The result shows that the visible and near-infrared spectroscopy combined with chemometrics

can be used to replace the traditional analysis methods in industry completely and can provide a new

method for the rapid detection of the biomass fuel properties of agricultural and forestry waste.

Key words: biomass; fuel property; spectroscopic analysis; artificial neural network (ANN)
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Total Pine wood Cedar wood Cotton stalk
Biomass property

Rang Mean SD Mean SD Mean SD Mean SD

Moisture (%) 0.20-14.97 5.23 4.44 3.96 3.59 5.43 4.10 6.63 5.43

Ash(%) 0.10-5.74 1.89 2.41 0.29 0.09 0.41 0.11 5.52 0.17

Volatile matter(%) 73.63-93.95 81.45 5.01 84.32 0.48 84.60 4.41 75.45 1.06

Fixed carbon(%) 15.07-21.00 17.50 1.71 15.56 0.42 17.43 0.21 19.52 0.73

Calorific value(MJ/kg) 18.77-20.46 19.47 1.20 19.23 0.70 20.46 0.82 18.77 1.15
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Moisture Ash VM FC CV PC-1 PC-2 PC-3

Moisture 1 0.21 -0.10 0.32 -0.04 -0.03 0.14 -0.46

Ash 0.21 1 -0.97 0.85 -0.65 -0.75 0.70 0.02

VM -0.10 -0.97 1 -0.95 0.63 0.67 -0.46 0.06

FC -0.32 0.85 -0.95 1 -0.28 -0.48 0.84 0.04

CV -0.04 -0.65 0.63 -0.28 1 0.85 -0.01 -0.01
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6 3 BOC {M?@ PLS N|:};<

Number of Calibration Cross Validation
Biomass property latent variables R2 RMSEC RPD R2 RMSECV RPD

Moisture (%) 9 0.97 0.75 5.92 0.82 1.99 2.08

Ash (%) 5 0.98 0.30 8.03 0.98 0.39 6.02

VM(%) 5 0.98 0.63 7.95 0.95 0.91 4.22

FC(%) 8 0.99 0.18 9.50 0.88 0.60 2.75

CV(MJ/kg) 8 0.98 0.09 13.33 0.91 0.22 3.08
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