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Abstract 

Water scarcity has become an imminent problem throughout the world due to population 

growth, prolonged drought, climate change, poor water management, lack of infrastructures 

and so on. In addition, many metropolitan water utilities are suffering from low water pressure 

during the hours of peak demand. Several approaches have been taken to overcome these 

challenges. Rolling out digital or intelligent or smart water meters was one of these 

approaches. Recent advances in machine learning and data analytics technologies provide 

excellent opportunities to utilise the vast amount of data generated from these meters.  

This study aims to generate new insights from the water end-use data to provide a better 

understanding of water consumption behaviour and investigate the scope of personalised 

recommendations for the water industry that will contribute to promoting water conscious 

behaviours during water restrictions. To achieve this goal, the contribution of this research can 

be divided into five categories.  

First, a systematic literature review was conducted to identify the state-of-the-art and research 

gaps. The findings from the literature review suggested that highly personalised 

recommendations through recommender systems (RSs) could play a vital role in promoting 

water-conscious behaviours. However, before developing an RS for the water industry, some 

preliminary research issues needed to be addressed. These issues were: advanced household 

profiling, clustering consumers based on new insights from water consumption patterns, and 

finally, the integration of RSs in behaviour change interventions.  

Second, to achieve personalisation at the household level and identify water consumption 

habits/behaviour patterns, an advanced household profiling approach is proposed. The 

proposed approach uses the water end-use data as input and produces two outputs: the time of 

use and weighted probability of use (TUWPU) data set and the extracted/engineered features 

(EF) data set. The TUWPU data set provides the probability of an event occurring at a 

particular time by calculating the weighted probability distribution based on the end-use data 

using a proposed algorithm. On the other hand, the EF data set is generated by extracting 

features from the end-use data.   The proposed technique is able to identify and address changes 

in water consumption behaviour which is essential for promoting and sustaining long-term 

water conservation behaviours.  

Next, to understand the water consumption patterns of different groups of households, a 

clustering approach is presented. Extensive experiments were conducted to gain a better 

understanding of consumption patterns and determine the optimal number of clusters in terms 

of clustering quality and performance. Two different data sets which were generated from the 

aforementioned profiling approach were used in this experiment. For the EF data set, the 
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optimal number of clusters was determined using the elbow method, and several clustering 

techniques were applied to determine the most suitable technique. However, for the TUWPU 

data set, the most suitable profiling interval and linkage method was identified in terms of 

cluster quality metrics. Moreover, water consumption patterns are also discussed based on the 

findings from the approach.  

Later, a generic model is proposed to integrate RSs in behaviour change intervention studies 

with an application in water conservation. Although the applications of RSs in behaviour 

change interventions are increasingly common in recent years, there is no model that can be 

generalised. Since RSs and behaviour change interventions are two different disciplines, a 

generic model can reduce the time and effort required to design such a study for students, PhD 

researchers, and practitioners. The proposed model addresses this research gap. Based on the 

proposed model, a prototype of an RS was developed, and attitudes towards the prototype of 

the personalised recommendations were evaluated through a survey questionnaire.  

Finally, based on the findings from the research, future research directions are suggested, and 

recommendations are made that have implications for intelligent water conservation programs. 
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