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Abstract

:

This review underscores the escalating global research trend in this field since 2000. The primary scientific disciplines contributing to extensive research on smart water meters are engineering, computer science, and energy. In terms of countries, the analysis reveals that the United States, India, and China exhibit the highest scientific production. Concerning affiliations, prominent contributors include Griffith University, Politecnico di Milano, and the Università degli Studi di Salerno. Regarding worldwide research trends, an examination of distinct clusters defined by their principal keywords was conducted. The following clusters were identified in order of significance based on the number of publications: Urban Water Meters, IoT Connection, Communication and Security, Grid Management, Water Networks, Hot Water, Groundwater Monitoring, and Smart Irrigation. Of particular note is the growing use of machine learning applications, especially in the management of distribution networks. This trend opens up a promising avenue for addressing complex problems in real time.
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1. Introduction


Concerns about water supply and quality have been a constant focus in human development. Currently, especially in developed countries, there is a significant emphasis on the sanitary and overall quality aspects of water. Various regulations establish the criteria to be followed in water supply [1]. The consumption of water on our planet has tripled in the 20th century, attributed to factors such as continuous population growth, water poverty, poor management, and outdated or inadequate facilities, contributing to a global water crisis. Consequently, water resources are becoming increasingly expensive and scarce, fueling a strong interest in their effective control and efficient use. Across various sectors, from industry to agriculture, extensive efforts are being made to monitor water distribution networks [2].



To address this significant challenge, distribution networks need to become more efficient by reducing losses, and consumers must also play a role in decreasing their water consumption. In the energy sector, studies and actions have already been undertaken to enhance the functioning of related facilities [3]. The substantial user base leads to a continuously rising water consumption, necessitating precise control mechanisms, despite the high costs associated with installing multiple monitoring instruments and their corresponding actuators [4]. Measurement devices often malfunction, leading to interventions based on lower-quality data.



While studies on urban water consumption in broad areas have been conducted [5], research on specific buildings is scarce. For individual buildings, the LEED certification (Leadership in Energy and Environmental Design) is frequently employed, sought after by many businesses in their business plans [6]. Consumption signatures are used to identify the individual consumption of each device [7], enabling the identification of more complex consumption patterns. Such algorithms have successfully been applied in public buildings for energy use rationalization [8]. The role of the Internet of Things (IoT) in water supply chain management is crucial for understanding the future trajectory at the intersection of computer science and resource management [9]. Actuators play a vital role in enabling the automation of various smart city services [10].



The primary goal of this study is to scrutinize the entire body of scientific literature pertaining to smart water meters on a global scale, emphasizing the significance of understanding research trends in this domain.




2. Materials and Methods


This bibliometric study utilized Scopus databases as the primary source for data retrieval. Despite Scopus containing historical content dating back to 1788, the search was restricted to the period between 2000 and 2022. The research methodology encompasses a comprehensive approach involving data collection, preprocessing, and multifaceted analysis to unveil and comprehend scientific communities and their collaborative patterns, see Figure 1.



In the initial phase, scholarly publications and their associated metadata were retrieved from the globally recognized Scopus database. The Scopus API was leveraged to conduct a targeted search focused on documents related to smart water meters, aligning with established research methodologies [11]. The search query employed was as follows:



TITLE-ABS-KEY (smart* AND (water* OR flow*) AND meter*). All documents were downloaded from Scopus leading to the annotated search.



Crafted to cover a broad spectrum of literature, the query specifically addressed terms related to “smart water meter” or “smart flow meter” and their practical applications across various communities. However, the methodology introduced in this study effectively manages this potential issue, thanks to the resulting network graph’s structure and which can be visualized with the Gephi (open-source tool).



After acquiring the raw dataset, a preprocessing phase ensued, employing Microsoft Excel and OpenRefine for basic data organization and cleansing. This ensured that the dataset was primed for advanced analysis. For the core analysis, the open-source tool Gephi was employed, capitalizing on its robust capabilities in statistical analysis and data visualization. The data underwent refinement to eliminate documents lacking meaningful connections within the main body of scientific literature. This curation process allowed this research to focus specifically on the most pertinent documents and their relationships.



For the primary screening, the open-source tool Gephi was employed, taking advantage of its robust statistical analysis and data visualization capabilities. The dataset was subjected to a filtering process to eliminate documents that did not establish any connection with the rest of the documents. This filtering allowed us to focus the cluster analysis on the most relevant documents and their associations. For this purpose, we employed a community detection algorithm based on modularity in large networks, as detailed in [12]. Specifically, Gephi’s algorithm used Louvain’s method, a widely accepted approach for community detection. Louvain’s method is optimized for large networks, with the goal of identifying modular structures by maximizing a modularity score within the range of −0.5 to 1. This score evaluates the density of edges within clusters compared to those between clusters. The Louvain method was chosen because of its computational efficiency and its ability to delineate clear structures in intricate datasets. Although alternative algorithms such as Girvan–Newman, Infomap, and Label Propagation were considered, they proved less suitable due to their computational intensity, limited relevance to citation networks, or production of less cohesive structures, respectively.



For the sorting by year, by subject category, and by country, these data are obtained directly from the Scopus search in the results analysis section of the website itself. It is possible to export them in CSV format. Later, year and subject category data were imported and represented using Excel. Country data have been mapped with QGIS software 3.28.



A comprehensive bibliometric analysis will be undertaken to delve into the evolution of publications over the years. This includes a meticulous examination of the countries and affiliations that make the most substantial contributions to this scientific field. Additionally, this study will focus on dissecting the key words employed in the articles, aiming to discern the scientific communities within which these works can be categorized. The overarching aim is to provide a comprehensive and insightful overview of the landscape of smart water meter research.




3. Results


3.1. Evolution Trend


The evolution of published articles in the Scopus database on the topic of smart water meters show a notable upward trend over the years, see Figure 2. During the period analyzed, from the year 2000 to 2022, 2825 documents were obtained. From the year 2000 to 2008, there is a gradual increase in the number of publications, with a significant spike in 2010, where the count jumps to 85. This suggests a growing interest in and focus on the subject during that period. The most substantial growth occurs in the subsequent years, particularly from 2011 to 2019, with a remarkable surge in publications. The year 2019 stands out with 281 articles, reflecting a substantial body of research and interest in smart water meters. The trend continues to rise in the following years, reaching 333 articles in 2022. The evolution of smart water meter-related articles in the Scopus database indicates a sustained and robust interest in the field, with fluctuations in publication numbers likely influenced by various factors within the research landscape.




3.2. Subjects from Worldwide Publications


The distribution of published articles in the Scopus database on the topic of smart water meters across different scientific categories provides insights into the interdisciplinary nature of research in this field, see Figure 3.



The Engineering category dominates, indicating the significant technological and engineering aspects associated with smart water meters. Researchers in this domain likely focus on the design, development, and implementation of smart metering technologies. The substantial presence in Computer Science highlights the role of computational methods, data analytics, and information systems in the development and optimization of smart water meter technologies. The inclusion of Energy as a category suggests a focus on the efficiency and sustainability aspects of smart water metering, considering energy consumption and potential energy-saving measures. The Environmental Science category signifies the environmental implications and considerations associated with smart water metering technologies, including water conservation, pollution monitoring, and ecosystem impacts. The involvement of Mathematics suggests a quantitative approach in modeling and analyzing data related to smart water metering, emphasizing the importance of mathematical models in understanding water usage patterns. The Physics and Astronomy category likely includes research on the physical principles underlying smart water meter technologies, such as sensor technologies and signal processing. The presence of Social Sciences indicates a recognition of the societal impact of smart water meter adoption, including user behavior, acceptance, and social implications. The Decision Sciences category suggests a focus on decision-making processes related to the implementation and use of smart water meters, possibly considering economic, policy, and strategic aspects.



The Materials Science category may explore the materials used in the construction of smart water meter devices, emphasizing the importance of material properties for durability and functionality. The Earth and Planetary Sciences category likely addresses broader environmental and geological considerations related to smart water metering technologies. The Business, Management, and Accounting category indicates a recognition of the business and management aspects associated with the deployment of smart water metering systems. Research in the category Biochemistry, Genetics, and Molecular Biology, although seemingly less common, may delve into the biological aspects of water quality monitoring or the biological effects of smart water meter technologies.




3.3. Countries, Affiliations, and Their Main Topics


The distribution of published articles on smart water meters in the Scopus database reveals a widespread global interest and commitment to research in water metering technologies, see Figure 4. With the United States leading with 448 publications, closely followed by India (332) and China (267), it highlights a diverse international engagement in addressing water management challenges. The presence of countries such as Italy, the United Kingdom, Australia, and Germany underscores the global significance of technological solutions for efficient water resource utilization. This distribution reflects a collective effort to advance smart water meter technologies worldwide, emphasizing the shared concern for sustainable water management practices. The variety of participating nations indicates a collaborative approach to tackle water-related issues on a global scale, acknowledging the importance of innovative solutions in ensuring water security and conservation.



The analysis of major affiliations in the Scopus database for articles on smart water meters underscores the international collaboration among academic and research institutions in advancing this field, see Figure 5. Griffith University leads with 51 publications, indicating a significant contribution to the research landscape, possibly driven by Australia’s focus on water conservation and resource management. Politecnico di Milano, with 31 publications, showcases Italy’s emphasis on technological solutions for water-related challenges. The University of Exeter and the Technical University of Denmark, with 24 and 20 publications, respectively, demonstrate the active involvement of European institutions in smart water meter research. Notably, prestigious institutions such as Stanford University and ETH Zürich also make substantial contributions, with 17 and 19 publications, respectively, highlighting the global recognition and involvement of leading universities in shaping advancements in smart water meter technologies. The diverse affiliations, including Saudi Arabian Oil Company and Consiglio Nazionale delle Ricerche, further emphasize the interdisciplinary nature of this research, involving both academic and industry partners on a global scale.



These affiliations reveal a broad spectrum of research interests, reflecting the multidisciplinary nature of smart water meter studies, encompassing technological aspects, network optimization, and water management strategies. Table 1, Table 2, Table 3, Table 4, Table 5 and Table 6 provide information on the frequency (N) of occurrences of a keyword concerning the university that produced the work and its country of origin.




3.4. Keywords from Worldwide Publications


The frequency of keywords in publications related to the topic of smart water meters indicates the prominence of certain themes in the research landscape. “Smart Metering” emerges as the most prevalent keyword, appearing N = 267 times, highlighting a substantial focus on advanced metering technologies in the context of water management. “Water Demand Management” follows closely with 143 mentions, underlining the significance of strategies to optimize and regulate water consumption. “Smart Grid” and “Internet of Things (IoT)” are also prominently featured, with 113 and 63 occurrences, respectively, reflecting the integration of intelligent technologies and connectivity in water metering systems. “Advanced Metering Infrastructure (AMI)” and “Automatic Meter Reading (AMR)” are mentioned 59 and 39 times, emphasizing the attention given to sophisticated metering infrastructures. Other notable keywords include “Machine Learning” (24), “Water Conservation” (24), “Residential Water” (24), and “Wireless Sensor Networks” (18), showcasing the intersection of data analytics, conservation efforts, and sensor technologies in smart water meter research. “Big Data” (16), “Smart City” (16), and “Water Micro-component” (16) suggest a growing emphasis on large-scale data analytics, urban planning, and micro-level components in the context of water management. Additionally, keywords like “Smart Water Network” (15), “Demand Response” (14), “Energy Management” (13), “Security” (13), “Automated Meter Reading” (13), and “Lpwan” (13) demonstrate a comprehensive exploration of interconnected themes, including network intelligence, energy considerations, security aspects, and low-power wide-area networking in smart water metering research. Overall, the frequency distribution highlights the multifaceted nature of research in this field, encompassing technological advancements, data analytics, conservation strategies, and the integration of smart systems into urban contexts.





4. Worldwide Research Trends: Cluster Analysis


This bibliometric study has identified several clusters in the research landscape related to smart water meters, each characterized by its percentage weight, indicating its relative importance. The most substantial cluster is “Urban Water Meters” with a weight of 39.21%, underscoring a predominant focus on the application and development of smart water metering technologies in urban settings. The “IOT Connection” cluster follows closely with a weight of 36.39%, emphasizing the significant role of Internet of Things (IoT) connectivity in the context of water metering systems. “Communication and Security” constitute a noteworthy cluster, comprising 10.72% of the research focus, highlighting the importance of secure and efficient communication protocols in smart water meter networks. The “Grid Management” cluster, with a weight of 7.48%, suggests a substantial interest in the effective management and optimization of smart grids in water distribution systems. “Water Networks,” “Hot Water,” “Groundwater Monitoring,” and “Smart Irrigation” clusters contribute to the research landscape with weights ranging from 1.97% to 0.85%, indicating more specialized areas of study within the broader context of smart water metering. The distribution of these clusters reflects a diversified research landscape, encompassing urban applications, connectivity, communication protocols, grid management, and specialized topics such as hot water, groundwater monitoring, and smart irrigation. Overall, these clusters provide a comprehensive overview of the multifaceted aspects explored in smart water meter research, highlighting the interdisciplinary nature of the field and the varied priorities within the academic community.



Cluster 1, identified as Urban Water Meters, stands out as the most significant in terms of size. Table 4 outlines the frequency (N) of occurrences of primary keywords associated with this cluster. It is noteworthy that this cluster leads in 18 out of the 20 main keywords, indicating a higher concentration of these terms within this community compared to others. In fact, eight of the 20 main keywords, such as Residential Water and Water Efficiency, are exclusive to this cluster.



Over the past two decades, more or less detailed measurement programs, referred to as smart measures, have been developed [13]. This progress has led to nearly continuous monitoring of water consumption. The abundance of available data has prompted the exploration of strategies for modeling and managing water in residential areas [14]. Periodic resource scarcity drives interest in limiting and controlling losses; leading studies toward water, notably by Rahim et al. [15], demand planning, socio-economic analysis, behavioral analysis, classification of water-related events, and user feedback. The cluster’s connection with information technology is evident, sharing techniques with other supply systems such as electricity or gas [16]. These meters enable the identification of the final use of water, a crucial aspect for making utility predictions [17]. The technology has matured sufficiently to transition from pilot trials to real-world implementation in large supply networks [18] and urban supply planning, closely intertwined with city planning itself [19]. Additionally, the current analyses aim to disaggregate data to reach individual events [20]. Reengineering of existing systems can be undertaken in light of the results already achieved [21].



Cluster 2, denoted as IOT Connection, forms a community centered on Internet of Things (IoT) connection algorithms and network implementation. Ranking as the second-largest community, Table 4 details the frequency (N) of primary keywords associated with this cluster, establishing connections with the Urban Water metering and Communication and Security communities, while maintaining ties with the Energy consumption cluster. Among its 20 main keywords, 12 are intrinsic to this cluster, and it holds significance as the leading community in 8 of them. Its primary associations lie with Clusters 1, 3, and 4, positioning it as a substantial and interconnected family with promising prospects for future development. Current meters are acknowledged for their sluggishness and time-intensive nature, promoting water wastage, thus advocating for the adoption of smart meters to enhance resource conservation and early fault detection [22,23]. Advanced Metering Infrastructure (AMI) architectures are anticipated to facilitate the integration of multiple networks simultaneously [24], aiming for user interaction [25]. The configuration of networks through smart water meters (SWM) and the advantageous use of IoT are highlighted in literature [26]. Case studies explore innovative applications, such as using pumps as generators or direct interaction with users [27], aligning with user interest in these devices [28]. Efficient data transmission mechanisms within the network involve relaying data from each node to the nearest node [29]. Two critical aspects, namely sensor network energy consumption and security issues, are underscored in the literature [30], emphasizing the multifaceted nature of research within the IOT Connection cluster.



Cluster 3 was identified as Communication and Security and stands as the third-largest community. Table 4 delineates the frequency (N) of principal keywords associated with this cluster, which revolves around communication and security aspects in network meters, particularly emphasizing energy meters. Remarkably, it encapsulates the top 10 keywords among the first 20 across all clusters, asserting its significance in this domain. In half of these 20 keywords, this community holds the utmost importance, while in the remaining 10, it shares keywords with other communities, primarily with Clusters 1 and 3. This community is predominantly concerned with communication protocols and applications of automatic meters, with a focus on reducing peak consumption, a growingly attractive topic [31]. Traditional systems, effective thus far in electricity and water distribution, are deemed insecure and lacking user feedback capabilities [32]. Smart energy meters can be leveraged to monitor other types of meters, integrated into networks [33,34]. The computerized control of these networks [35] presents a challenge in terms of vulnerability to intrusions [36], necessitating resolution in future developments [37]. Data aggregation allows for processing while maintaining user privacy [38]. The Communication and Security cluster, thus, contributes significantly to the exploration of secure and effective communication protocols in smart metering systems.



Cluster 4 was identified as Grid Management. Table 5 provides an overview of the primary keywords associated with this cluster. Positioned as a peripheral cluster, it primarily addresses the challenges in managing vast amounts of grid data. Although it shares keywords with other communities, it assumes a leading role in what is termed Big Data, highlighting its auxiliary nature in supporting other fields. This specialized community focuses on the implementation of intelligent algorithms for information acquisition, data processing, and swift action in extensive supply networks, predominantly in energy but extending to other domains such as water or gas [39,40,41]. The characterization of overall consumption holds a prominent place in this cluster, particularly in the context of water, leveraging time series [42] or neural networks [43]. Grid Management emerges as a crucial contributor to the application of intelligent algorithms for efficient data management and consumption characterization in large-scale supply networks.



Cluster 5, labelled as Water Network Partitioning, is outlined in Table 5, featuring the primary keywords associated with this cluster. Characterized as an isolated cluster, it addresses the challenges of metering an extensive network through the analysis of smaller network components. Despite being a smaller cluster, it holds significance, representing 1.97% of the keywords. Within this group, all authors are closely interconnected, collaborating on a specific strategy for distribution network analysis. This strategy involves studying reduced sectors of the network to simplify the analysis [44,45,46]. The methodology employed includes the installation of valves and smart meters on main lines, accompanied by the development of specialized software for these meters, referred to as SWAM [47,48]. This technique has been applied in fault detection and pollution control [49] through recursive sectorization [50]. The Water Network Partitioning cluster, although smaller in size, plays a vital role in the exploration of innovative strategies for network analysis, particularly in the context of simplifying analysis through the study of smaller network components.



Cluster 6 focuses on Water Heating and the associated metering of this valuable resource, as detailed in Table 5 with the primary keywords for this cluster. Comprising 1.13% of the keywords, this well-defined community primarily interacts with Cluster 1. The majority of the keywords within this family are unique to it, although none stands out as particularly abundant. The substantial cost of this resource amplifies the significance of this family, as highlighted by Bacher et al. [51]. The research within this cluster involves the development of prediction models for resource needs, particularly emphasizing scenarios in cold climates [52]. Detection of leaks is of particular importance due to the high energy costs [53]. This family extends its exploration to related networks such as domestic heat and gas, demonstrating a comprehensive approach to resource management [54,55]. The Water Heating and metering cluster, while relatively small, delves into crucial aspects of resource prediction, environmental considerations, and the efficient management of expensive resources.



The remaining clusters are of limited size but represent emerging sectors with promising prospects for future studies. Cluster 7 is a small cluster centered on Groundwater Monitoring, utilizing various approaches. It occupies a peripheral position in the diagram and is related to Cluster 1, accounting for 0.99% of the keywords. Similar to Cluster 8, the majority of the keywords within this group are specific to it, sharing few words with other clusters. Table 6 lists the most representative keywords for this cluster.



Water crisis and the threat of resource shortage are identified as direct consequences of factors such as limited precipitation, traditional irrigation methods, and inefficient monitoring and control systems in agriculture [56]. This cluster serves as a unique case within monitoring, often supported by simulation models [57,58,59]. It places special emphasis on control elements and leverages other components, such as energy meters, to enhance information completeness [60]. Additionally, Cluster 7 connects with the use of unconventional water sources, such as desalinated water for urban use and reclaimed water for agricultural purposes [61].



Cluster 8, also a small cluster, is dedicated to Smart Irrigation control, representing 0.85% of the keywords. This group features highly specific keywords, occasionally shared with Cluster 1 and Cluster 3. Table 6 displays the most representative keywords for this cluster.



Focused on intelligent control of irrigation systems to promote water savings and efficiency [62], this cluster emphasizes user satisfaction as a crucial parameter [63]. Initially applied in residential landscaping [62,63], smart irrigation is currently being implemented in agricultural areas [64,65,66]. This family exhibits significant development potential, with numerous sensors of this type being deployed in agricultural areas [67].



In the analysis, two clusters with minimal representation emerge—one focused on data acquisition, sensors, and pattern recognition of consumption. For instance, Grigoras et al. [68] present an innovative solution in the form of a software platform for sustainable water supply system management. This platform incorporates advanced ICT solutions, including Blockchain and Artificial Intelligence, along with smart concepts such as smart metering and demand response, offering benefits to both the energy and water sectors.



Additionally, there is another cluster specialized in automated decision making, utilizing learning programs, decision support programs, etc. [69,70].




5. Discussion


The analysis of the clusters reveals several challenges and prospects in smart water meter research. One key challenge lies in the need for more extensive exploration and development of clusters related to emerging sectors, such as Groundwater Monitoring and Smart Irrigation Control. These clusters, though relatively small, represent critical areas of study with promising potential for future research. The challenge is to further investigate and expand these clusters to gain a comprehensive understanding of their applications and implications for water resource management.



Another challenge is the integration of various clusters, particularly those related to Communication and Security (Cluster 3) and Grid Management (Cluster 4). As smart water metering systems become more sophisticated, addressing the communication protocols, security vulnerabilities, and efficient management of vast amounts of data in the grid becomes crucial. Integrating findings from these clusters can contribute to the development of comprehensive and secure smart water networks.



On the positive side, the clusters also offer promising prospects. For instance, the increasing focus on Smart Irrigation Control (Cluster 8) indicates a growing interest in water conservation and efficient agricultural practices, as recent studies indicate [71]. This cluster’s emphasis on user satisfaction and its potential application in agricultural areas signal a positive trend toward sustainable water use in farming.



Additionally, the intersection of Water Network Partitioning (Cluster 5) with unconventional water sources like desalinated water and reclaimed water opens up opportunities for diversifying water supply strategies. Exploring innovative approaches to network analysis and water source utilization can contribute to more resilient and sustainable water supply systems.



It is worth noting the increasing use of machine learning applications, especially in the management of distribution networks. This trend opens up a promising avenue for addressing complex problems in real time [72]. So, the challenges lie in further exploring and integrating emerging clusters, while the prospects include advancements in smart irrigation, secure communication protocols, and diversified water supply strategies, ultimately contributing to the development of more efficient and sustainable smart water metering systems.




6. Conclusions


In conclusion, the analysis of smart water metering research based on Scopus data reveals a dynamic landscape with significant growth in publications over the years. The evolution of articles in the “smart water meter” topic indicates a rising interest and emphasis on this field, with a substantial increase in publications from 2000 to 2023. The distribution of articles across scientific categories highlights the multidisciplinary nature of smart water meter research, with a predominant focus on engineering, computer science, and energy.



Examining the geographic distribution of articles underscores global participation, with the United States, India, and China leading in the number of publications. This international collaboration contributes to a diverse and comprehensive understanding of smart water metering technologies and applications. The analysis of affiliations sheds light on key institutions involved in smart water meter research, with Griffith University, Politecnico di Milano, and the University of Salerno among the leading contributors. These institutions play a pivotal role in advancing knowledge and innovation in the field.



Exploring keyword frequencies reveals the prevalent themes in smart water meter research, with a strong emphasis on topics like Smart Metering, Water Demand Management, Smart Grid, and Internet of Things (IoT). Clustering analysis further categorizes research areas, showcasing specialized communities such as Urban Water Meters, IOT Connection, Communication and Security, and others.



Challenges and prospects in the field include the need for further exploration of emerging clusters, integration of diverse research areas, and addressing critical issues like communication protocols, security vulnerabilities, and efficient data management in smart water networks. On a positive note, the increasing focus on smart irrigation control, advancements in network partitioning, and exploration of unconventional water sources present promising avenues for sustainable water management. Overall, the research landscape in smart water metering is vibrant, collaborative, and evolving, with researchers and institutions worldwide contributing to advancements in technology, data analytics, and strategies for efficient water resource management.
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Figure 1. Methodology. 
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Figure 2. Evolution of the worldwide scientific production in smart water meters. 
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Figure 3. Distribution and evolution of Scopus categories on smart water meters. 
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Figure 4. Worldwide geographical distribution of the scientific production on smart water meters. 
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Figure 5. Main institutions in the scientific production of smart water meters. 
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Figure 6. Relationship between smart water meter publications. 
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Table 1. Top 20 affiliations and their main keywords.
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Affiliation

	
N

	
Country

	
Keywords




	
1

	
2

	
3

	
4






	
Griffith University

	
51

	
Australia

	
Water Supply

	
Water Management

	
Water Demand Management

	
Water End Use




	
Politecnico di Milano

	
31

	
Italy

	
Smart Meters

	
Smart Grid

	
Water Management

	
Water Management




	
Università degli Studi di Salerno

	
28

	
Italy

	
Smart Metering

	
Advanced Metering Infrastructures

	
Smart Meters

	
Internet Of Things




	
University of Exeter

	
24

	
United Kingdom

	
Water Supply

	
Smart Meters

	
Water Demand

	
Water Distribution Systems




	
University Politehnica of Bucharest

	
21

	
Romania

	
Smart Power Grids

	
Smart Meters

	
Smart Grid

	
Electric Power Transmission Networks




	
Università degli Studi della Campania Luigi Vanvitelli

	
21

	
Italy

	
Water Networks

	
Optimization

	
Water Distribution Systems

	
Water Network Partitioning




	
Technical University of Denmark

	
20

	
Denmark

	
Smart Meters

	
Energy Utilization

	
Water

	
Denmark











 





Table 2. Top 20 keywords related to smart water meters.
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	Rank
	Keyword
	N





	1
	Smart Metering
	267



	2
	Water Demand Management
	143



	3
	Smart Grid
	113



	4
	Internet Of Things (IOT)
	63



	5
	Advanced Metering Infrastructure (AMI)
	59



	6
	Automatic Meter Reading (AMR)
	39



	7
	Water Distribution Network
	29



	8
	Machine Learning
	24



	9
	Water Conservation
	24



	10
	Residential Water
	24



	11
	Wireless Sensor Networks
	18



	12
	Big Data
	16



	13
	Smart City
	16



	14
	Water Micro-component
	16



	15
	Smart Water Network
	15



	16
	Demand Response
	14



	17
	Energy Management
	13



	18
	Security
	13



	19
	Automated Meter Reading
	13



	20
	Lpwan
	13










 





Table 3. Main clusters (Figure 6), weight and names.
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	N
	Cluster Name
	Weight (%)
	





	1
	Urban water meters
	39.21
	



	2
	IOT connection
	36.39
	



	3
	Communication and security
	10.72
	



	4
	Grid management
	7.48
	



	5
	Water networks
	1.97
	



	6
	Hot water
	1.13
	



	7
	Groundwater monitoring
	0.99
	



	8
	Smart irrigation
	0.85
	










 





Table 4. Main keywords of Clusters 1 (Urban Water Meters), 2 (Internet of Things Connection), and 3 (Communication and Security).
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Urban Water Meters

	
IOT Connection

	
Communication and Security




	
Keyword

	
N

	
Keyword

	
N

	
Keyword

	
N






	
Smart Metering

	
143

	
Smart Metering

	
83

	
Smart Grid

	
28




	
Water Demand Management

	
130

	
Smart Grid

	
49

	
Smart Metering

	
23




	
Internet Of Things (IOT)

	
24

	
Internet Of Things (IOT)

	
31

	
Advanced Metering Infrastructure (AMI)

	
19




	
Residential Water

	
24

	
Automatic Meter Reading (AMR)

	
28

	
Security

	
9




	
Water Conservation

	
21

	
Advanced Metering Infrastructure (AMI)

	
26

	
Water Distribution Network

	
7




	
Water Micro-component

	
16

	
Wireless Sensor Networks

	
17

	
Cybersecurity

	
5




	
Water Distribution Network

	
15

	
Smart City

	
10

	
Distributed Energy Resources

	
5




	
Smart Grid

	
9

	
Automated Meter Reading

	
8

	
Distribution State Estimation

	
5




	
Water-energy Nexus

	
9

	
Energy Management

	
8

	
State Estimation

	
5




	
Water Efficiency

	
9

	
Water Demand Management

	
7

	
Demand Response

	
4




	
Advanced Metering Infrastructure (AMI)

	
8

	
Machine Learning

	
7

	
Generic Rank

	
4




	
Machine Learning

	
8

	
Water Meter

	
7

	
Smart Inverters

	
4




	
Demand Forecasting

	
7

	
Leakage Detection

	
7

	
Structural Observability

	
4




	
Behavior Change

	
7

	
Zigbee

	
7

	
Automatic Meter Reading (AMR)

	
3




	
Dynamic Time Warping Algorithm

	
7

	
Lpwan

	
6

	
Water Demand Management

	
3




	
Feedback

	
7

	
Arduino

	
6

	
Distributed Generation

	
3




	
Peak Demand

	
7

	
Neighborhood Area Networks

	
6

	
Missing Data

	
3




	
Lpwan

	
6

	
Energy Efficiency

	
5

	
Power Flow Problem

	
3




	
Smart Cities

	
6

	
Lora

	
5

	
Automated Meter Reading

	
2




	
Digital Metering

	
6

	
Lorawan

	
5

	
Energy Management

	
2











 





Table 5. Main keywords of Clusters 4 (Grid Management), 5 (Water Network Partitioning) and 6 (Water Heating).
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Grid Management

	
Water Network Partitioning

	
Water Heating




	
Keyword

	
N

	
Keyword

	
N

	
Keyword

	
N






	
Smart Grid

	
26

	
Water Network Partitioning

	
12

	
Smart Meter Data

	
3




	
Smart Metering

	
15

	
Smart Water Network

	
8

	
Smart Metering

	
2




	
Big Data

	
12

	
Graph Theory

	
6

	
4 Gdh

	
2




	
Advanced Metering Infrastructure (AMI)

	
6

	
District Meter Area

	
5

	
Clustering

	
1




	
Clustering

	
4

	
Sectorization

	
3

	
Smart Grid

	
1




	
Demand Response

	
4

	
Water Leak

	
2

	
Demand Response

	
1




	
Automatic Meter Reading (AMR)

	
4

	
Ant Algorithm

	
2

	
Load Shifting

	
1




	
Cloud Computing

	
4

	
Multi-objective Optimization

	
2

	
Load Profile

	
1




	
Internet Of Things (IOT)

	
3

	
Swanp

	
2

	
District Heating

	
1




	
Machine Learning

	
3

	
Water Protection

	
2

	
Energy Intensity

	
1




	
Optimization

	
3

	
Clustering

	
1

	
Peak Load

	
1




	
Prosumers

	
3

	
Optimization

	
1

	
Annual Relative Daily Variation

	
1




	
Classification

	
3

	
Water Distribution Network

	
1

	
Bayesian Calibration

	
1




	
Data Compression

	
3

	
Resilience

	
1

	
Building Load Prediction

	
1




	
Distributed Optimal Power Flow (dopf)

	
3

	
Topology

	
1

	
Building Physics

	
1




	
Visualization

	
3

	
Network Optimization

	
1

	
Building Typology

	
1




	
Distributed Energy Resources

	
2

	
Leakage Detection

	
1

	
Domestic Hot Water

	
1




	
Power Distribution

	
2

	
Smart Networks

	
1

	
Dynamic Models

	
1




	
Scada

	
2

	
Water-energy Nexus

	
1

	
Gas Disaggregation

	
1




	
Power System Measurements

	
2

	
Bisection Algorithm

	
1

	
Gas Heating

	
1











 





Table 6. Main keywords of Clusters 7 (Smart Irrigation) and 8 (Groundwater Management).
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Smart Irrigation

	

	
Groundwater Management

	




	
Keyword

	
N

	
Keyword

	
N






	
Evapotranspiration Controller

	
6

	
Groundwater Management

	
3




	
Soil Moisture Sensor

	
5

	
Monitoring

	
2




	
Water Demand Management

	
2

	
Groundwater

	
2




	
Irrigation

	
2

	
It Solution

	
1




	
Rain Sensor

	
2

	
Smart Card Prepaid Metering System

	
1




	
Smart Water Application Technologies

	
2

	
Management

	
1




	
Water Conservation

	
1

	
Climate Change

	
1




	
Education

	
1

	
Hydro-economic Modeling

	
1




	
Technology Adoption

	
1

	
Northern China

	
1




	
Effective Rainfall

	
1

	
Coastal Aquifer

	
1




	
Gross Irrigation Requirement

	
1

	
Desalination

	
1




	
Irrigation Association

	
1

	
Farming

	
1




	
Irrigation Controller

	
1

	
Managed Aquifer Recharge

	
1




	
Irrigation Scheduling

	
1

	
Oman

	
1




	
Municipal Water

	
1

	
Optimal Extraction

	
1




	
Soil Water Balance

	
1

	
Over Pumping

	
1




	
Turfgrass

	
1

	
Pricing

	
1




	

	

	
Resources

	
1




	

	

	
Salinity Line

	
1




	

	

	
Seawater Intrusion

	
1
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