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Motivation
While water treatment processes in the Netherlands are of a very 
high standard, continuous threats from newly emerging micro-
pollutants in (drinking-)water sources are still a challenge. Ensuring 
bio-stable water, which does not support the growth of microbes 
during water distribution is important for the prevention of aesthetic, 
operational and hygienic problems. The emergence of new genetic 
sequencing techniques that provide detailed information on the 
composition and response of the microorganisms, has inspired 
research to gain crucial in-situ information related to the microbial 
biogeography and occupancy-abundance dynamics in drinking 
water (illustrated in Figure 1, below). While meta-genomic data 
has been effectively collected, the analysis has been limited to 
correlational analysis with the underlying process data. However, 
an integrated systems biology approach which enables a predictive 
and adaptive modelling of the microbial dynamics in drinking water 
is still lacking [1,4,5] .

Technological challenge 
The technological challenge is to choose and put to use a suitable 
machine learning approach that will automate the kinetic network 
reconstruction of carbon degradation and central metabolic 
pathways in water using metagenomics data. The resulting kinetic 
model will serve as a digital twin that will provide real-time state 
estimation of the microbial activities, as a proxy to drinking water 
quality sensors, and will enable operators to take timely actions to 
ensure a constant high quality of the treated water[2]. 

Fig 2. graphical abstract of the project

Research goals 
1. Use machine learning tools to analyse meta-genomic and 

process data for automated kinetic network reconstruction of 
carbon degradation and central metabolic pathways in the water 
processing chain.

2. Development of a glass-box model that focuses on these 
metabolisms as proxies for microbial activities that affect water 
quality by applying kinetic model reduction techniques.

3. Development of model-based state estimators for the real-time 
prediction of water quality which includes the estimation of 
confidence intervals through uncertainty analysis.

4. Translate the model outcome to actions that can be taken to 
improve the water quality.
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Fig 1. Overview of microbial dynamics in a water distribution pipe. Stimuli include 
hydraulic conditions, residence time, pipe material, and trophic chain.(modified from [3])


