Electronic nose for reactor stability monitoring of an agricultural co-digestion biogas plant
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Introduction
Transfer of process monitoring instrumentation from the laboratory or pilot-scale to real-scale biogas plant is a real challenge. Many technologies have been tested up to the pilot-scale, but the working conditions encountered on biogas plants complicates the real-scale implementation. This research addresses the monitoring of agricultural biogas reactors using an electronic nose (e-nose). An electronic nose is an array of non-specific but complementary gas sensors. When sensor responses to a gas mixture are put together, they form a pattern characteristic of the gas, like a signature, that, with appropriated data treatment and analysis, allows the recognition of the gas mixture.
Agricultural biogas plants are usually not highly instrumented for a reliable process monitoring. This is the case of the studied biogas plant of Faascht (Belgium). Reactor temperature and pH, total gas production and gas quality (CH4, CO2, H2S and O2) at the outlet of the reactor are the regular measured process parameters, hence process monitoring is truly basic compared to the investment and operation costs of this 750 kW biogas plant. Reactors of Faascht are regularly subject to process disorders caused by the introduction of feedstock of unknown composition and quality, resulting in organic overload or toxic inhibition.

The e-nose was placed on the first reactor of Faascht Biogas plant. Stability indicators were derived of the e-nose data set. In addition to the continuous e-nose measurements, process state variables were also measured offline in the liquid phase of the reactor to assess reactor state. Individual volatile fatty acids (VFA), the ratio VFA/Total inorganic carbon (TIC), pH, total solids (TS), volatile solids (VS) and Total ammonia nitrogen (TAN). 

The indicators issued of the e-noseobservations were highly sensitive to changes in the reactor state. They allowed the early warning of three disturbances of the first reactor. The first disturbance took place in March 2013. On the 21st of March, the biogas plant operator introduced a new feedstock and a significant reduction of the gas production occurred five days later, with the consequence of the interruption of the main engine of the CHP unit. Around the 15th of June, the e-nose indicators abruptly passed the control limit (set up to 1). Whereas VFA and VFA/TIC increased sharply around five days later. Finally, the last disturbance detected by the e-nose apparatus was related to an increase in ammonia content and pH.

The advantage of the developed e-nose is its relatively low cost, simple design and fully automated system. The e-nose was tested during a year and could successfully monitor the reactor state, with an early warning of reactor disturbances to the plant operator. In the future, a user-friendly interface will be developed and pattern recognition system will be developed with the aim of classifying process disorders and helping the operator in the management of the plant. Electronic nose technology application in anaerobic digestion could also be extended to the monitoring of the biogas quality. 

It seems that the gas phase of anaerobic reactors is well related to the reactor state and the microbial activity. Gas phase trace compounds related to the microbial activity should be investigated in order to employ more effectively the gas phase for process monitoring while using specific sensors. 
