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Introduction
The aim of this project is to develop an innovative online-measurement system for biogas plants. The system will use a new miniaturised MIR spectroscopic sensor, and will perform online measurements of anaerobic digester substrates and methane concentration in biogas. Machine learning methods will be applied to the measured spectral data to estimate the concentrations of
process parameters (NH4-N, VFAs, etc.) from the measurements. The information about concentrations can then be used to
control substrate flow into the digester to maintain stable operating conditions whilst also allowing optimisation of the levels of biogas produced. A further benefit is that the analysis will be performed automatically which will return results significantly faster
and cheaper than a laboratory analysis.

Testing To Date

PIR Fibres

Figure 1 shows the previous system as used for testing [1]. As
numbered in the figure, the components are as follows:
®
1.Diamond tipped ATR probe mounted in the Knick Ceramat
housing.
2.Nicolet™ iS™5 spectrometer used to perform spectroscopic
measurements connected by PIR fibre to ATR probe.
®
3.Laptop to control the spectrometer and Unical system.
®
4.Knick Unical 9000 system for probe cleaning.

Significant attenuation occurs during transmission of the
light in the PIR fibres, as can be seen in Figure 2. During
previous testing, due to constraints on the equipment location, it was necessary to have a fibre length of 6m. Reducing this fibre length will improve the SNR and hence measurement quality. A new spectrometer is being developed
with a smaller footprint which will allow more flexibility and
shorter fibres, and reduced optical signal attenuation.
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Figure 1: Measurement system fitted to digester.

Figure 2: PIR Fibre Attenuation [2].

Figure 3: System Block Diagram.

Software Development
Software has been written to control the new miniaturised spectrometer over USB. The software has
been tested on a Raspberry Pi and runs a web server to deliver the data over a network connection.
®
Figure 3 shows how the system will work. The custom software to control the Unical system was incomplete and had some issues, which are currently being addressed. The Raspberry Pi and NIR
spectrometer used for testing can be see in Figure 4.

Figure 4: Raspberry Pi
and NIR Spectrometer.

Upcoming work

Expected results

Delivery of the hardware is expected in December, and once
obtained the immediate tasks are follows:
 Take substrate sample from digester.
 Create multiple spiked samples.
 Perform laboratory analysis on samples.
 Perform spectral measurements on samples.
 Reduce data dimensionality.
 Apply machine learning methods on subset of data for training purposes.
 Apply methods to remaining data and analyse results.

The measurements with the new hardware will vary compared to the previous results. The SNR is expected to vary
due to multiple reasons.
 The sensor’s SNR will be different from the iS™5.
 The fibre length will be reduced which will increase the
optical signal magnitude reaching the sensor and improve the optical SNR.
 The overall measurement SNR will also depend on the
number of scans.
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