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INTRODUCTION

METHODOLOGY

With the advent of complex non-residential facilities as a
result of urbanisation, it has become increasingly challenging
to effectively detect and diagnose faults in water distribution
systems (WDS). In a typical non-residential building, water
and energy are the two crucial correlated resources that
support human or production activities throughout the
building’s life span. On average, the building industry
consumes 30% of fresh water and generates 30% of world’s
wastewater [1].
The wastage of water through leakage and inefficient
performance of WDS results in additional usage of water and
energy resources. On average, in Ireland 43% of treated water
is lost through damaged leaky pipes [2]. The potential for
reducing consumption in buildings has been shown to be
significant but there has been limited focus on fault detection
and diagnosis (FDD) systems that can achieve this. Therefore,
there is a need for a highly refined supervisory and controlled
FDD methodology in order to satisfy certain degree of
performance when unfavourable faulty conditions occur. Such
a methodology would also have the capacity to detect nonoptimal water usage which could be addressed through
better management or behavioural change.
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Figure 2. Proposed hybrid Fault detection and diagnosis methodology
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Figure 1. Fault detection and diagnosis challenges

Objectives
• Develop generally applicable FDD techniques for building
water networks leveraging data from two case studies
(Boston Scientific Ireland and NUI Galway).
• Reduce energy consumption associated with water
networks
• Identify unnoticed leaks and other faults in the water
networks using proxy metering
• Develop a generic model framework to detect and
diagnose the faults in water network utilizing a tool
developed to inform authorities about water loss and
associated energy loss in real time

Figure 4. Fault detection using PCA model with a) detection index T-square
statistics. The values above red line indicate unusual water consumption
occurred within the facility due to the typical event b) detection index Q
statistics, in which the values above red line indicate minor variations in
water consumption within the facility
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Figure 3. PCA fault detection scheme

Figure 5. Fault diagnosis using Support Vector Machine (SVM) classifying the
samples detected by PCA model into respective classes (excess usage, leakage
and event-based flow deviations)
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• Provide timely fault information to building managers and thus avoid significant costs due to excess water
consumption or emergencies due to leaks
• Assist in improving water-energy efficiency, process monitoring and sustainability
• Enhanced monitoring of resource allocation leading to minimal revenue losses and resource wastage
• Generally applicable, cost effective and reliable FDD methodology which can be useful in reducing the fault
rate in complex WDS
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