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Introduction

Biogas (and/or BMP)
measurements

b

100 mL

2 L

Couple of weeks !

(Hansen, 2004)
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Introduction

NIRS is successfully used for various applications: nutritive value, 
quality & authenticity, process controlling & monitoring…

Advantages: easy, fast, non-destructive technique.

Light Source Monochromator
(800-2500 nm)

Sample
Detector

Data
Data treatments

Processor
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Introduction

Preferred energy crop: maize silages

Varieties
Cultural practices
Maturity stages

Seasons

Organic content

Various methane 
yields
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Material and methods

Maize silages

6 fields
2008-2009

21 varieties

3 harvesting dates 
for 4 specific 

varieties (FAO Index 
240-340)

� 193 different maize samples

Samples
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Material and methods

Gas volume
(mL)

Inoculum: Sludge from AD of a sewage treatment plant

Anaerobic digestion (VDI-4630)

Curve fitting
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Material and methods

Model: C
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Cumulative biogas production
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Material and methods

NIRS

Range: 1100-2500 nm
Resolution: 2 nm
Reflectance

Fresh (=silage)

Powder (dried and grinded)
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Results

Data range computed 
by the curve-fitting
(R2>0.99)

� silages
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Results

Data range computed 
by the curve-fitting
(R2>0.99)

� powders
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Results

NIR Spectra:

• Raw data
• Pre-treatments :

�SNV
�SNV+Detrending

SNV-Det

SNV

Raw
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Results

Calibration
Parameter

Unit

Sample

N

Min

Mean

Median

Max

SD

CV

Regression

Pretreatment(s) No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det

Number of terms 12 10 11 8 7 6 12 6 5 6 4 4 6 7 7 8 3 2

SEC 9,53 9,36 7,57 20,89 21,15 21,91 4,12 6,87 6,92 8,36 8,53 8,51 0,12 0,11 0,10 0,11 0,14 0,14

R2C 0,95 0,95 0,97 0,82 0,81 0,80 0,89 0,70 0,69 0,31 0,28 0,29 0,67 0,70 0,73 0,78 0,64 0,63

SECV 14,89 13,94 13,69 24,20 24,69 25,12 8,13 9,02 8,64 9,14 9,25 9,26 0,14 0,14 0,14 0,12 0,14 0,14

R2CV 0,89 0,90 0,91 0,76 0,75 0,74 0,59 0,49 0,53 0,19 0,17 0,16 0,57 0,52 0,56 0,71 0,62 0,62

RPDC 4,66 4,75 5,86 2,37 2,34 2,26 3,05 1,83 1,82 1,21 1,18 1,19 1,75 1,91 1,91 2,09 1,64 1,64

RPDCV 2,98 3,19 3,24 2,05 2,01 1,97 1,54 1,39 1,45 1,10 1,09 1,09 1,50 1,50 1,50 1,92 1,64 1,64

PLS PLSPLS PLS PLS PLS

Full Full Full Full Full Full

1,62 1,45

2,01 2,01

0,21 0,23

360,36 360,36 131,39 108,82

12,47 10,0644,09 49,33

117,88 117,88

249,88 232,48 73,94 72,11

252,44 231,95 76,4 75 1,6 1,5

59,61 58,76

Fresh Powder

72 129

1,22 1,02

Fresh Powder Fresh Powder

72 129 72 129

A B C

mL.gFM
-1 hours dimensionless

Calibration: fresh-SNV-Det
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Results

Validation
Parameter

Unit

Sample

N

Min

Mean

Median

Max

SD

Pret reatment (s ) No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det No SNV SNV-Det

SEP 15,52 16,28 13,94 22,49 22,49 22,45 6,94 7,19 6,93 8,55 8,74 8,74 0,14 0,13 0,12 0,11 0,14 0,14

RMSEP 15,58 16,36 14,02 22,06 22,08 21,85 5,71 6,55 6,33 8,44 8,67 8,66 0,14 0,13 0,12 0,11 0,14 0,14

R2P 0,86 0,84 0,88 0,81 0,81 0,82 0,61 0,49 0,52 0,13 0,08 0,08 0,37 0,43 0,50 0,76 0,65 0,64

Bias -2,92 -3,15 -2,73 1,93 1,88 2,49 2,17 1,57 1,48 0,46 0,24 0,23 -0,02 -0,02 -0,02 0,01 0,01 0,01

0,18 0,2341,84 51,39 9,31 9,11

340,64 340,64 95,81 97,22 2,02 2,02

1,27 0,98

1,65 1,50

1,71 1,50

269,01 233,38 75,02 74,44

73,67 74,40273,97 227,79

Fresh Powder

131,37 139,19 59,23 57,53

36 64 35 64 36 64

C

mL.gFM-1 hours dimensionless

Fresh Powder

A B

Fresh Powder

Predicted vs. measuredValidation: fresh-SNV-Det
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Discussion

• Good prediction for biogas production

• Less accuracy for kinetic parameters

• Two pre-treatments investigated: other pre-processings 
exist and may improve prediction 

• Outliers were not removed

• CH4 and CO2 productions

• Accuracy of two methods (NIRS vs. bioassay)
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Conclusion

NIRS is a promising technology for prediction of biogas 
production

Supported by the National Research Fund, Luxembourg (BIONIR C08/SR/13)

Fast: few minutes to get the result (vs. 40-50 days)

Non-destructive: sample is not affected by the analysis

« Inexpensive »: only requires a spectrometer


