





algorithm without stopping the application, should a better model be found. The algorithm
used is shown in Equation 1.

Alk, =-8906+ (1678 x ¥, J+ (1.998x ¥, )+ (384.2xV,)
Where Alk, = predicted alkalinity, V,=pH value, V,=redox value and V, = conductivity value

Figure 1. Schematic front panel view of two-stage anaerobic digesters

The rule based supervisory control system was integrated into the LabVIEW interface. The
controller consists of placing the predicted alkalinity into one of four linguistic sets: low,
mid, high and very high. The boundaries of these sets were available for modification in
real time to improve the control system, as were the amounts by which the organic loading
rate was increased or decreased when predicted alkalinity was Eiven membership to a
specific set. Alkalinity that falls into the mid set would not change the organic loading rate,
whereas alkalinity predicted to be in a higher or lower set than this would increase or a
decrease (respectively) the organic loading rate, as shown in Figure 2. The control system
also included a derivative component which detected U{)W&I’d or downward changes in
alkalinity and suitabI%/ modified the organic loading rate to a degree set by both the rate
of change and a control to weight the derivative component. The system was set to pump
feedstock on an hourly basis and therefore the derivative control compared the current
predicted alkalinity with that predicted one hour previouslgl. The positive or negative
derivative component was then added to the increase or decrease in OLR calculated
from the set membership. This allowed the control system to respond quickly to sudden
changes in alkalinity. For example when alkalinity was in the mid set, no change was
made to the OLR from the set information, but if the alkalinity was beginning to fall the
derivative component of the control system would respond by reducing the OLR. Initial
set membership thresholds were decided upon by empirical data gained from the four-
stage anaerobic digester experiment.
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Figure 2. Rule based supervisory control set structure
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Results and discussion

The software sensor gave a good prediction of alkalinity when validated with digester 1
data (Figure 38. The predicted (software sensor) and observed (titrated) alkalinities had a
correlation of 0.819 (p < 0.001) for digester 1 (digester fitted with biomass support media).
This was especially important when the predicted alkalinity fell to values below 3500 mg.
I, a value found to be the threshold of system failure in the four-stage digester.

Digester 2 (not fitted with biomass support media) suffered from ﬁroblems with the redox
probe and therefore the predicted alkalinity and titrated alkalinity had a correlation of only
0.198 (p < 0.001). This explains both the noisy response of the predicted data and the
large error seen between 16/1/07 and 20/1/07 as shown in Figure 4.

The OLR of the 120 litre two-stage digester (1) controlled by the rule based control system
is shown in Figure 5.

The oscillating nature of the organic loading rate demonstrates the difficulty associated with
setting up a control system. The more stable organic loading rate seen after 24/01/2007
is the result of a decrease in the proportional (set based) component weighting and an
increase in the derivative component weighting. These changes reduced the oscillations
and improved the response respectively.
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Figure 5. Organic loading rate controlled by the software sensor and a rule based supervisory
control system on digester 1
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Conclusion

The software sensor reliably predicted alkalinity in the second stage of two-stage anaerobic
digester 1. The poor correlation between observed and predicted alkalinity in digester
2 demonstrated that monthly cleaning and calibration of the probes was necessary to
ensure accurate prediction. The experiment did show that anaerobic digestion can be
monitored efficiently and cheaply, and a system such as this would be simple to install on
an existing full scale biogas plant.

The rule based supervisory control system produced a reasonably stable organic loadin
rate and emghasmed the importance of the correct weighting of the various contro
parameters. Such a control system would allow optimal feeding of anaerobic digesters,
thus maintaining stability and optimising output.
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