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Throughout the history of science and biotechnology, numerous breakthroughs have emerged from 
accidental observations or unexpected results. Perhaps the most celebrated example of serendipity 
is the discovery of penicillin as an antibiotic, a finding that transformed medicine and reshaped 
modern science. Yet such advances were never due to chance alone: they required researchers 
capable of recognising the value of the unexpected, correctly interpreting anomalies, and 
reformulating scientific questions in response to unforeseen evidence. This combination of curiosity, 
rigour, critical thinking and intellectual openness has repeatedly allowed coincidences to develop into 
transformative discoveries. Environmental biotechnology offers particularly illustrative examples of 
this dynamic. 

The discovery of activated sludge activity—arising almost unintentionally from early aeration 
experiments—marked the beginning of modern wastewater treatment. Since then, the field has 
advanced through a succession of serendipitous findings. Enhanced biological phosphorus removal 
(EBPR) was first identified when surprising polyphosphate accumulation appeared under specific 
operating conditions. The spontaneous formation of aerobic granules revealed the potential of 
compact, high-rate aerobic reactors, while the unexpected development of anaerobic granular sludge 
in early high-rate digesters reshaped anaerobic treatment worldwide. 

Other landmark discoveries show how unforeseen results can redirect entire research trajectories. 
Autotrophic denitrification emerged from anomalous nitrogen transformations that challenged 
established assumptions. The ANAMMOX process was identified only after persistent nitrogen 
imbalances appeared in laboratory systems. Purple phototrophic bacteria (PPBs) became recognised 
as powerful biocatalysts when surprising colour shifts and unexpected enrichments prompted deeper 
investigation. Equally remarkable was the identification of DAMO archaea and bacteria capable of 
reducing nitrate using methane as an electron donor, revealed when anomalous methane 
consumption coincided with unexplained nitrate removal. 

Together, these episodes demonstrate how accidental findings, when met with scientific insight, can 
generate new concepts and technologies. Many of these serendipitous discoveries have already 
been incorporated into the design, optimisation and operation of urban and industrial wastewater 
treatment plants, while others are currently being transferred or will soon underpin next-generation 
treatment and resource-recovery systems. 
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