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Introduction and aim of the studies

Anaerobic digestion, commonly known as biogas formation, is a complex biological process
involving the simultaneous action of multiple groups of microorganisms aiming at acquiring
chemical energy for maintaining growth. The mixed bacterial culture can extract energy
from a wide variety of organic substrates by transforming carbon into its most oxidised form
(carbon dioxide) and most reduced form (methane); the latter being a renewable energy
carrier. [11 Process conditions such as temperature, pH, organic loading rate etc. have to be
carefully controlled in order to maintain a stable biogas production. Hence, it is desirable for
the biogas plant operator to be able to monitor the current state of the process, since it
allows him to launch proper countermeasures, for instance diluting the feed, if a critical
trend becomes apparent from the measured process variables. 2]

Numerous scientific laboratory investigations conducted over the past decades have
indicated that the key to optimise the biogas process lies in monitoring, and controlling, a
few chemical parameters. [2]

These chemical constituents are intermediates stemming from the core conversion
mechanisms of the biogas process depicted in figure 1.

Investigations carried out at Aalborg University, Esbjerg Institute of Technology have proven
that multivariate methods such as near infrared spectroscopy and passive acoustic
monitoring combined with powerful mathematical and statistical methods (chemometrics)
successfully can decipher the vast amount of chemical information in the complex bioslurry
and reveal the state of the process with respect to the most important parameters (content
of dry matter, organic dry matter, ammonium, and short chain volatile fatty acids). 3-4

This Ph.D. research project seeks to bring these findings from the laboratory to the market
through a full-scale implementation in the industry by applying the scientific competences of
ACABS Research Group: representative sampling and process sampling, applied
chemometrics, and applied biotechnology and Green Engineering.
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Figure 2. Process Analytical Chemometrics vs. a centralised
laboratory strategy for process monitoring

Planned project deliverables

*  Review of existing, commercial technologies for online process monitoring

*  Review and critical evaluation of existing sampling equipment and procedures

*  Demonstration of multivariate methods in full-scale (spectroscopy and acoustic)
* Implementation of representative sampling mechanism in full-scale

* Implementation and validation of multivariate monitoring in full-scale

The biogas formation process
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Figure 1. Schematic representation of the biogas formation process
Adapted in modified form from [1]

Principles of Process Analytical Chemometrics

As shown in figure 2 on the left, there is a tremendous difference between asserting the
state of a process by using a conventional centralised laboratory strategy and by
implementing Process Analytical Chemometrics (PAC). Where conventional centralised
laboratory analysis typically is used to verify that the quality of an end product is within
specifications, PAC enables the plant operator to adjust the production process
continuously. Hence, PAC generates an enormous amount of real-time process data that can
be subjected to comprehensive data analysis enabling an in-depth understanding of the
process at hand and its dynamic nature. This is something that the conventional centralised
approach never will be able to do. At the same time PAC reduces costs for chemical
reference analysis substantially, since the amount of physical samples that need to be
analysed are reduced to periodical validation samples.

PAC combines the power of three fundamental disciplines:
A representative sampling
A advanced sensor technology
A multivariate data analysis

Please consult the literature for details on these three subjects and their synergies. 56!
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