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Abstract: This study explores the implementation of a Smart Water Management System 
(SWMS) in a state university in the Philippines to address water resource challenges amid 
growing student enrollment and infrastructure expansion. Utilizing IoT sensors, data 
analytics, and machine learning, the proposed SWMS aims to optimize water 
consumption, detect leaks, and improve overall efficiency. The system integrates real-
time monitoring, predictive maintenance, and demand forecasting to enhance 
sustainability efforts and reduce costs. Key components include smart meters, automated 
valves, and cloud-based analytics for proactive water management. Despite financial, 
technical, and institutional challenges, the study highlights the potential benefits of 
SWMS, including significant water conservation, cost savings, and educational 
opportunities. Case studies from other universities, such as the University of California, 
the National University of Singapore, and Arizona State University, demonstrate the 
effectiveness of innovative water solutions in academic settings. The research underscores 
the critical role of technology in sustainable resource management and advocates for 
integrating SWMS as a model for other educational institutions. By leveraging data-
driven insights, the institution can improve water efficiency, support environmental 
initiatives, and serve as a leader in smart campus infrastructure. 

Keywords: Smart Water Management Systems (SWMS), IoT and Machine Learning, 
Sustainability in Education Institutions. 
 

1. Introduction 
Smart Water Management is the contemporary method of planning, developing, distributing, and managing 

water resources using IoT technologies designed to increase transparency and make more reasonable and 
sustainable usage of these water resources. It applies to multiple sectors: agriculture, farming, industry, services, 
households, etc.  Monitoring water consumption in houses, checking water levels, checking drinking water 
quality, detecting chemical leakages in rivers around plants, tracking pressure variations along pipes, or checking 
water quality in aquariums are some of the many valuable applications. 

Water management is also crucial in service institutions, including educational facilities. In educational 
settings, water is essential for several purposes, such as drinking, sanitation, cleaning, and construction activities. 
Given its important role, it is necessary to optimize water usage to ensure sustainable consumption. Effective 
water management is a key factor in preserving current water resources and a central topic in advancing 
sustainability, making it a critical and often debated issue in sustainable development efforts. 

The emergence of Smart Water Management Systems (SWMS) presents a transformative solution by 
integrating advanced technologies such as the Internet of Things (IoT), data analytics, and machine learning. 
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These systems enable real-time monitoring, predictive maintenance, and automated leak detection, allowing for 
improved efficiency and conservation efforts. Institutions can optimize water consumption, minimize waste, and 
reduce operational costs by leveraging IoT-based sensors and cloud computing. 

This study explores the potential of implementing an SWMS in a state university in the Philippines. It 
examines existing water management challenges, proposes a technology-driven framework for improvement, and 
highlights best practices from global institutions that have successfully integrated smart water solutions. By 
adopting an SWMS, the university can enhance its sustainability initiatives, reduce resource wastage, and serve 
as a model for other academic institutions seeking to implement smart infrastructure solutions. 
 
2. Literature Review 
 

Effective water management has become a critical priority in addressing global sustainability challenges, 
particularly in academic institutions where fluctuating water demand requires innovative solutions. Traditional 
water management systems often face inefficiencies, leading to excessive water waste, increased operational costs, 
and environmental concerns. The integration of the Internet of Things (IoT), artificial intelligence (AI), and 
predictive analytics in Smart Water Management Systems (SWMS) has emerged as a transformative approach to 
optimizing water resource allocation and ensuring long-term sustainability (Chandler, 2022). 

Recent studies highlight how AI-driven analytics and IoT-based monitoring significantly enhance water 
conservation efforts in smart buildings. Islam et al. (2023) explored how IoT sensors can track water usage in 
real-time and integrate machine learning to detect leaks and anomalies in water consumption. Their study 
highlighted that this system can optimize water distribution and reduce wastage by up to 40% through predictive 
analytics and automation. Moreover, Alshami et al. (2024) comprehensively reviewed how IoT-based systems 
transform water management. Their study highlights the integration of cloud computing for real-time data 
processing, enabling remote monitoring of water systems in universities and other institutions. These 
advancements facilitate automated responses to leaks or excessive water usage. 

Beyond IoT and AI, emerging technologies such as blockchain and digital twins are being explored for water 
management applications. Blockchain ensures secure and transparent data transactions, addressing concerns about 
data integrity in decentralized water monitoring systems. Similarly, digital twins allow real-time simulation and 
optimization of water distribution, improving system resilience and efficiency. The study by Naqash et al. (2023) 
presents a blockchain-based framework for urban water management and leakage detection. The system integrates 
IoT sensors with blockchain technology to authenticate and securely share real-time water usage and distribution 
data. The blockchain ensures that all recorded transactions remain tamper-proof, addressing data integrity and 
transparency issues. Moreover, the study highlights that blockchain can facilitate automated water billing, fraud 
prevention, and efficient allocation of water resources.  

AI and IoT-based SWMS have also been applied in smart city developments. Houssein et al. (2024) 
examined the role of IoT in smart city infrastructure, including smart water grids. Their study detailed how real-
time data processing, AI algorithms, and cloud-based analytics optimize urban water management. The findings 
align with the potential for academic institutions to implement similar systems for improved water efficiency. 

While the advantages of Smart Water Management Systems (SWMS) are well-documented, financial 
constraints remain a significant challenge for academic institutions. Many universities face high upfront costs 
associated with deploying Internet of Things (IoT)-based monitoring systems, AI-driven analytics, and necessary 
infrastructure upgrades, which can deter adoption. This challenge is especially pronounced in resource-
constrained regions with limited budget allocations for such technologies. In addition to financial limitations, 
cybersecurity concerns pose a significant barrier to the adoption of IoT-enabled SWMS. Smart water systems 
remain vulnerable to cyber threats, compromising sensitive data and operational efficiency. Furthermore, 
socioeconomic factors, including the digital divide and lack of institutional support, hinder adoption in resource-
constrained universities. The ransomware attack in Atlanta in March 2018 and the Ukraine attack in December 
2015 are examples of cyber-physical systems. That is why  there is a pressing need for mitigating the related risks 
in using cyber and physical security frameworks ( Hassan et al., 2019) 

However, despite these hurdles, cost-benefit analyses show promising long-term financial returns. 
Institutions implementing AI-powered SWMS can recover their costs within 3-5 years, driven by substantial 
reductions in water bills and maintenance expenses, often 30–40% (Dada, 2023). Additionally, one report in Smart 
Water Magazine (2025) highlights that AI systems have led to up to a 25% reduction in water usage and a 15% 
cut in operational costs for industries. Similarly, industries using AI-powered water monitoring have reported 
savings of up to 20%, and predictive analytics can further reduce water consumption by as much as 15% in regions 
experiencing water stress (Driving Water Sustainability in the Industry with AI and Automation, 2024) 

Beyond immediate cost reductions, AI-powered water management contributes to broader economic and 
environmental sustainability.  According to Gupta et. al. (2020), Smart Water Technology enhances water 
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conservation and management through real-time monitoring, AI-driven leakage detection, and predictive 
analytics, reducing water waste and operational costs. In agriculture, smart irrigation systems optimize water use 
by analyzing soil moisture and weather conditions, cutting water consumption by up to 20% while improving crop 
yields. Additionally, AI-powered data analysis supports better decision-making, pollution control, and predictive 
maintenance. However, challenges such as sensor deployment costs, data security, and false alarms in leakage 
detection still require further research and technological advancements. 

Several universities worldwide have successfully implemented smart water conservation technologies, 
showcasing the tangible benefits of SWMS in higher education institutions. The University of California, Berkeley 
(UCB), has integrated machine-learning-based predictive water management into its sustainability initiatives. 
Their 2023 sustainability report highlights a 37% reduction in per capita water consumption from 2007 to 2019 
due to AI-powered leak detection and smart irrigation systems (University of California, Berkeley, 2023) 

Arizona State University (ASU) has adopted smart irrigation systems that adjust water distribution based on 
real-time weather conditions. This approach has resulted in substantial savings in landscaping water use, 
reinforcing the role of technology in efficient water resource management (Arizona State University, n.d.). These 
case studies prove that implementing SWMS in universities can lead to tangible water conservation outcomes, 
reduced operational costs, and enhanced environmental sustainability. 

In Southeast Asia, the National University of Singapore (NUS) has taken an innovative approach by 
integrating rainwater harvesting, IoT sensors, and machine learning-based analytics into its water conservation 
strategy. Their Water Efficiency Index has improved by 25% since 2012, demonstrating the effectiveness of 
SWMS in tropical climates where water demand varies seasonally (National University of Singapore, 2023). 

Southeast Asia has seen varying levels of implementation of smart water policy. While Singapore leads in 
integrating IoT-based water management strategies, Malaysia has also adopted similar policies with government 
support. Similarly, case studies of Thailand introducing digital technologies for water management in the basin 
and irrigation project scale can show the processes of development, implementation, and people's capacity for 
coping (Koontanakulvong, 2023).  

In the Philippines, while universities may not yet be at the forefront of implementing Smart Water 
Management Systems (SWMS), local government units (LGUs) in key cities have made notable strides in 
adopting smart water solutions that academic institutions could emulate. 

For example, Metro Manila, Cebu, and Davao have introduced innovative water management strategies that 
combine smart technologies and traditional systems like rainwater harvesting. In Davao City, rainwater harvesting 
systems (RWHS) implementation has been actively promoted, though compliance can be improved. Davao’s local 
ordinances aim to enhance water conservation, yet challenges like low public awareness and insufficient 
incentives have hindered full compliance (Lumawag, 2018). 

In Cebu, Mandaue City has passed the "Stormwater Management Ordinance," which mandates the 
installation of stormwater management systems, including rainwater tanks, for all new buildings, subdivisions, 
and commercial establishments. This ordinance seeks to mitigate flooding and enhance water conservation, 
encouraging the use of harvested rainwater for non-potable purposes like toilet flushing and irrigation. These 
initiatives are aligned with the broader goal of improving water sustainability in urban settings (Cotejo, 2023). 

Predictive analytics enable educational institutions to anticipate water demand fluctuations, ensuring that 
resources are allocated efficiently. By leveraging historical water consumption data, environmental factors, and 
academic schedules, universities can prevent shortages and overuse, ultimately contributing to long-term 
sustainability goals. 

3. Materials and Methods 
3.1. Study Site and Context 

This study focuses on a state university, a rapidly growing educational institution in the Philippines. The 
campus has experienced significant population growth, increasing the demand for water resources. Water 
shortages, inefficient distribution, and aging infrastructure persist despite sustainability efforts. The proposed 
Smart Water Management System (SWMS) aims to address these issues through technology-driven solutions. 

3.2. Materials and Technologies Used 
The implementation of the SWMS relies on various hardware and software components, including: 
IoT Sensors and Smart Meters – Devices for real-time water flow, pressure, and consumption monitoring. 
Cloud-Based Data Analytics Platform – A system for processing and analyzing water usage data. 
Machine Learning Algorithms – Used for predictive maintenance, anomaly detection, and water demand 

forecasting. 
Automated Valves and Control Systems – Enable remote control of water distribution and leakage 

prevention. 
Network Infrastructure – Wi-Fi and IoT-based communication networks for seamless data transmission. 

https://www.researchgate.net/profile/Sucharit-Koontanakulvong?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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3.2. Research Design 
This study follows a mixed-method approach, integrating quantitative data analysis with qualitative 

assessments: 
 

3.2.1. Data Collection 
Water Usage Data – Historical and real-time water consumption records from smart meters. 
Sensor-Based Monitoring – IoT sensors provide continuous readings on water flow, pressure, and quality. 
Surveys and Interviews—University administrators, facility managers, and students were surveyed to assess 

current water management challenges and potential improvements. 
 

3.2.2. Data Analysis 
Descriptive Statistics – Used to evaluate trends in water consumption and detect inefficiencies. 
Machine Learning Models – Applied to historical water data for leak detection, anomaly identification, and 

demand forecasting. 
Comparative Case Studies – Analyse innovative water management implementations in other universities to 

identify best practices. 
 

3.3. Limitations and Challenges 
This study acknowledges potential constraints, including financial costs, technical integration challenges, 

and stakeholder adoption. Strategies to address these limitations include phased implementation, stakeholder 
training, and securing institutional support. 

By employing this systematic approach, the study aims to demonstrate how a technology-driven water 
management solution can enhance sustainability, reduce resource wastage, and serve as a model for other 
educational institutions. 

4. Results and Discussions 
The proposed Smart Water Management System (SWMS) for a state university aims to modernize the 

campus's water management practices by integrating advanced technologies to promote sustainability, optimize 
resource usage, and reduce costs. At the heart of the system is a centralized control platform that enables real-time 
monitoring, data analysis, and control across the entire campus. This platform will interface with a network of 
strategically placed smart meters and IoT-based sensors installed in various buildings, restrooms, laboratories, 
and outdoor areas, allowing for comprehensive water flow, pressure, and quality tracking. The system’s 
decentralized sensor network collects data continuously, ensuring that water usage is monitored and irregularities 
are promptly identified. 

Figure 1 presents the conceptual diagram of the university's proposed Smart Water Management System. 
The system illustrates the flow of water from the pump facility through the treatment plant and reservoir, where a 
centralized control platform manages real-time monitoring and operations before distribution to university 
facilities. 

Key components of the SWMS include smart meters for real-time water consumption measurement, IoT 
sensors for detecting leaks and monitoring flow and pressure, and automated valves that can be remotely 
controlled to isolate sections of the plumbing network when necessary, such as during maintenance or in response 
to detected leaks. These components are connected to a cloud-based analytics platform that processes the collected 
data, providing predictive insights for maintenance scheduling, optimizing water usage, and preempting potential 
system failures. 

The SWMS incorporates several water-saving strategies, such as real-time leak detection, which allows for 
immediate response to minimize water loss, and automated monitoring and reporting that generate daily, weekly, 
and monthly reports on water consumption trends. These reports help the facility management team set water-
saving targets and continuously evaluate the system's performance. The system also supports predictive 
maintenance by using sensor data to establish maintenance schedules based on equipment conditions, thereby 
reducing the risk of unexpected failures and improving operational efficiency. 
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Figure 1. Proposed Smart Water Management System (SWMS) 

 
To integrate the SWMS into the existing campus infrastructure, necessary upgrades to the plumbing system 

will be made to accommodate smart meters and sensors while ensuring compatibility with current equipment. The 
system will utilize the campus's existing Wi-Fi network for data transmission, supplemented with a dedicated IoT 
network to maintain connectivity and system reliability. The anticipated outcomes of this implementation include 
a 20-30% reduction in water consumption through better monitoring and leak prevention, substantial savings in 
utility expenses, and a positive environmental impact by promoting sustainable water practices. 

The SWMS deployment will be carried out in phases, starting with a feasibility study and detailed assessment 
of current water management practices. Following this, a pilot implementation in a selected area will serve as a 
testbed for refining the system's functionality. Once optimized, the system will be rolled out across the entire 
campus, with provisions for staff training and stakeholder engagement to ensure successful adoption. The final 
phase will involve continuous monitoring and system improvements based on data-driven insights, ensuring that 
the university's water management remains efficient and aligned with its sustainability goals. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flow Diagram of the Proposed SWMS 
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4.1. Predictive Maintenance and Leak Detection Using Machine Learning 
Figure 2 shows the operational framework of the proposed smart water management system. The process 

begins with sensor-based data input, continuously collecting real-time information such as water flow, quality, 
and pressure. This data is then transmitted to a central platform where it undergoes analysis and decision-making 
to determine appropriate actions. Once decisions are made, control systems execute the necessary responses, such 
as adjusting pump activity or redirecting flow. The system also features a user alert and feedback mechanism, 
which closes the loop by allowing for human oversight and continuous system optimization. This feedback-driven 
architecture supports proactive management and enhances system responsiveness. 

The SWMS collects real-time data from IoT sensors and smart meters installed throughout the campus to 
monitor water flow, pressure, and usage. By leveraging machine learning algorithms, the system can analyze this 
data to identify patterns and detect anomalies that could indicate a leak or potential failure.  

Smart meters continuously capture data on water flow rates, pressure levels, and consumption patterns at 
various points across the campus. IoT sensors provide real-time readings on flow and pressure in critical areas, 
including restrooms, laboratories, and underground pipelines. This raw data is processed, cleaned, and prepared 
for machine learning analysis. 

The system trains the ML model using historical data, such as anomaly detection algorithms or classification 
models. Supervised learning can be employed if labeled data is available (e.g., previous leaks and non-leak 
scenarios). Unsupervised learning (like clustering or outlier detection) can be helpful when the system needs to 
identify anomalies in real-time data without prior labels. The models learn patterns of normal water usage and 
detect deviations that could indicate a leak, such as sudden flow spikes or pressure drops. 

Once trained, the ML model continuously monitors incoming data from the smart meters and sensors. If the 
system detects a pattern that deviates from the norm, such as an unusual increase in water flow during off-hours 
or a sudden drop in water pressure, it flags this as a potential leak. The system can differentiate between typical 
fluctuations (e.g., increased usage during peak hours) and actual anomalies, reducing false alarms. When a 
potential leak is detected, the system can automatically generate alerts, sending notifications to facility managers 
via email, SMS, or a mobile app. The SWMS can also trigger automated actions, such as shutting off water in the 
affected area using remote-controlled valves to prevent further loss. 

Table 1 shows the dataset that can be used to train an ML model to detect leaks. The dataset includes: 
 
• Timestamp - The Date and time of the reading. 
• Building_ID - Identifier for the building where the sensor is located. 
• Flow Rate (liters per minute) - Water flow rate measured by smart meters. 
• Pressure (psi) - Water pressure levels. 
• Total_Consumption (liters) - Cumulative water consumption for the day. 
• Event_Flag - Indicates whether a leak was detected (0 for no leak, 1 for a detected leak). 
During regular operation, for most buildings (e.g., BLDG_1, BLDG_3), the flow rate and pressure remain 

stable, and there are no sudden spikes in water usage. However, when a leak is detected in BLDG_2 and BLDG_4, 
there are noticeable drops in pressure (from 52 psi to 28 psi) and sudden spikes in flow rate (from 15.0 L/min to 
48.0 L/min). These anomalies correlate with Event_Flag = 1, indicating a detected leak. By leveraging such data, 
the SWMS can predict potential leaks and send alerts, helping the university proactively manage water resources 
and reduce waste. 

Table 1. Sample Dataset for Leak Detection Using Machine Learning 

Timestamp Building_ID Flow_Rate 
(L/min) 

Pressure 
(psi) 

Total 
Consumption (L) Event_Flag 

2024-10-01 08:00:00 BLDG_1 25.5 50 800 0 
2024-10-01 08:15:00 BLDG_1 28.0 49 825 0 
2024-10-01 09:00:00 BLDG_1 26.5 48 850 0 
2024-10-01 09:00:00 BLDG_2 15.0 52 500 0 
2024-10-01 09:15:00 BLDG_2 45.0 30 560 1 
2024-10-01 09:30:00 BLDG_2 48.0 28 600 1 
2024-10-01 10:00:00 BLDG_3 20.0 55 900 0 
2024-10-01 10:30:00 BLDG_3 22.0 54 950 0 
2024-10-01 11:00:00 BLDG_4 60.0 25 1300 1 
2024-10-01 11:15:00 BLDG_4 65.0 24 1350 1 
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The dataset can be used to train a supervised learning model (e.g., a Random Forest or Gradient Boosting 
model) to classify whether a leak is occurring based on flow rate, pressure, and consumption patterns. Additional 
features like rolling averages, peak usage hours, and flow rate changes can improve the model's accuracy. Once 
trained, the model can process incoming data in real time, automatically flagging potential leaks when anomalies 
are detected. 

A study by Coelho et. al (2020) explores a system using a wireless sensor network and autonomous learning 
algorithms to monitor water distribution systems. It compares machine learning models such as Random Forest, 
Decision Trees, Neural Networks, and Support Vector Machines (SVM). The study found that the developed 
system could detect leaks with 75% accuracy in real-world implementations. Similarly, a review paper by Farah 
et. al. (2024) categorizes traditional and modern leak detection methods, including smart water management and 
sensor technologies. It evaluates 600 scholarly articles on leak detection over 23 years, highlighting emerging 
smart water technologies that improve detection efficiency. The study identifies key gaps and suggests future 
research directions to enhance accuracy and cost-effectiveness. The study emphasizes that advanced ML models 
and IoT-based real-time monitoring significantly improve water leak detection. However, cost, scalability, and 
technical challenges remain barriers to widespread adoption. 
 
4.2. Water Demand Forecasting 

Water demand forecasting is critical for optimizing resource allocation, ensuring availability during peak 
times, and minimizing waste during low-demand periods. In this university, where water usage varies depending 
on academic schedules, special events, and weather conditions, machine learning (ML) models can provide highly 
accurate and adaptive water demand predictions. 

ML models can forecast future water requirements by analyzing historical water usage data, environmental 
factors, and campus-specific variables. These insights enable efficient water distribution, better maintenance 
planning, and sustainable resource management. 

Water consumption records from smart meters and IoT sensors installed across the campus. Information like 
weather conditions (temperature, humidity, rainfall), campus schedules, and seasonal trends will be collected, 
cleaned, normalized, and organized into a time-series format suitable for ML algorithms. Algorithms like ARIMA 
(Autoregressive Integrated Moving Average) or Prophet are commonly used to model seasonal and temporal water 
demand patterns. Models such as LSTM (Long Short-Term Memory) networks, which excel in capturing long-
term dependencies in time-series data, can account for complex and non-linear patterns in water usage. Combining 
models like Random Forest or Gradient Boosting with time-series data to improve accuracy by considering 
external factors (e.g., weather and events). 

The system inputs historical and real-time data into the ML model, which analyzes patterns and correlations 
among variables. The model predicts water demand for specific time intervals (e.g., hourly, daily, or weekly) and 
forecasts different campus parts. Adjustments are made based on recent trends, ensuring predictions remain 
accurate as new data becomes available. 

The system continuously updates its predictions based on incoming data, adapting to changing conditions, 
such as unexpected events or weather fluctuations. ML models can simulate various scenarios (e.g., increased 
usage during campus events or reduced demand during holidays) to help plan resource allocation. Any significant 
deviation from forecasted demand can trigger alerts, indicating potential leaks, unauthorized usage, or unusual 
activities. 

Key features are derived from the dataset to capture patterns and relationships influencing water usage. These 
include identifying periods with consistently high water usage (e.g., 8 AM to 5 PM during classes), which helps 
the ML model understand recurring demand cycles.  Additionally, water consumption differs significantly 
between weekdays (higher demand due to classes and labs) and weekends (lower demand, except during special 
events). Patterns related to academic semesters or seasons (e.g., summer may have higher demand due to increased 
temperatures) will also be considered. 

Features indicating events like graduation ceremonies, sports meets, or holidays allow the model to anticipate 
spikes in demand at specific times and locations. The time an event influences water demand (e.g., a 3-hour 
graduation ceremony might increase usage during and immediately after the event). High temperatures often lead 
to increased water consumption due to hydration needs and cooling systems. Low humidity can cause more water 
usage for cooling or cleaning purposes, while high humidity may moderate usage. 

Machine learning models are trained using the engineered dataset to predict future water consumption. Two 
models can be utilized: Time-Series Models and Ensemble Models (e.g., XGBoost).  LSTM (Long Short-Term 
Memory) networks are a deep learning model designed to capture temporal dependencies in sequential data. These 
models are ideal for predicting water usage trends based on historical patterns, such as peak usage times during 
weekdays and low usage during weekends. XGBoost (Extreme Gradient Boosting) incorporates historical water 
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consumption data and external factors like weather and events. It learns how these factors interact and contribute 
to fluctuations in water demand. 

Table 2. Sample Dataset for Water Demand Forecasting 

Date Time Building 
ID 

Water 
Consumption 

(liters) 

Temperature 
(°C) 

Humidity Event 
Type 

Day 
Type 

2024-10-01 08:00 BLDG_1 1200 28 75 Regular 
Class Sched 

Weekday 

2024-10-01 12:00 BLDG_1 2000 30 70 Regular 
Class Sched 

Weekday 

2024-10-01 16:00 BLDG_1 1800 29 72 Regular 
Class Sched 

Weekday 

2024-10-01 20:00 BLDG_1 800 26 80 Canteen 
Usage 

Weekday 

2024-10-02 08:00 BLDG_2 1000 27 78 Laboratory 
Sessions 

Weekday 

2024-10-02 14:00 BLDG_2 1500 31 65 Laboratory 
Sessions 

Weekday 

2024-10-02 19:00 BLDG_2 700 25 85 Canteen 
Usage 

Weekday 

2024-10-07 09:00 BLDG_3 800 30 65 Graduation 
Ceremony 

Weekend 

2024-10-07 13:00 BLDG_3 2500 33 60 Graduation 
Ceremony 

Weekend 

2024-10-0 18:00 BLDG_3 2000 28 70 Graduation 
Ceremony 

Weekday 

2024-10-08 10:00 BLDG_4 600 27 75 Regular 
Class Sched 

Weekday 

2024-10-08 15:00 BLDG_4 900 30 68 Regular 
Class Sched 

Weekday 

 
Note. The data set includes: 
Date and Time - When the water usage data was recorded. 
Building_ID - Identifies specific campus buildings (e.g., lecture halls, laboratories, and canteen). 
Water_Consumption (liters) - Actual water usage during the period. 
Temperature (°C) - Ambient temperature, which may influence water usage. 
Humidity (%) - Atmospheric humidity levels can also affect water demand. 
Event_Type- Activities or schedules influencing water demand (e.g., Regular Class, Schedule, Canteen Usage, and Graduation 
Ceremony). 
Day_Type- Indicates whether the day is a Weekday or Weekend. 
 

Both models can work together; LSTM focuses on long-term temporal trends, while XGBoost considers 
contextual and external influences. Shan et. al (2023) proposed a hybrid model integrating Attention-BiLSTM 
networks with XGBoost for short-term water demand forecasting. This approach was designed to handle complex, 
non-linear fluctuations in water usage, outperforming traditional models with enhanced predictive accuracy. The 
study demonstrated that machine learning models, particularly the hybrid Attention-BiLSTM and XGBoost, 
significantly improve water demand forecasting by capturing complex patterns and incorporating external factors. 
This approach surpasses traditional forecasting methods, especially in real-world applications where multiple 
dynamic variables influence demand. 
 
4.3. Challenges in Implementing SWMS 

Financial. One of the primary challenges in implementing SWMS on campus is the financial aspect. 
Implementing innovative water management technologies requires significant investment in infrastructure, 
training, and public awareness, which can be a hurdle. The initial investment for smart meters, sensors, data 
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analytics software, and network infrastructure can be high. Olatunde, Adelani, and Sikhakhane (2024) mentioned 
that investment in SMWS is the most critical challenge in Africa, while in the United States, the challenge often 
lies in upgrading existing, aging water infrastructure to incorporate new technologies. In addition to upfront costs, 
ongoing maintenance, software updates, and equipment replacement will incur expenses over time. Allocating 
resources for long-term operation and support can strain the university's budget, requiring careful financial 
planning to ensure the system's sustainability. 

Technical. Integrating the SWMS with the existing water infrastructure poses significant technical 
difficulties. The campus's plumbing system may require extensive upgrades to accommodate smart meters, 
sensors, and automated valves. Ensuring compatibility between the new technology and the legacy infrastructure 
is essential to prevent disruptions. Additionally, data privacy and security concerns arise due to the system's 
reliance on IoT devices and cloud-based analytics, making it necessary to implement robust cybersecurity 
measures. Network connectivity issues can also affect system reliability, especially in areas with weak Wi-Fi 
signals or limited coverage, potentially impacting data transmission and real-time monitoring. 

Institutional. The success of the SWMS relies on the support of the university administration, staff, students, 
and maintenance personnel. Convincing stakeholders of the new system's benefits may require a cultural shift 
towards embracing smart technology and sustainability practices. User training is crucial, as facility management 
staff and other users must understand how to operate the system and respond to alerts. There may also be resistance 
to change from some staff or students, which could impact the system's effectiveness. Furthermore, regulatory 
and compliance requirements related to water management must be adhered to, potentially complicating the 
implementation process. 

4.4. Opportunities and Potential Benefits 
Adopting smart water solutions addresses many pressing challenges that are facing or resulting from 

traditional water management systems. In this university, implementing SWMS offers significant opportunities 
and benefits that can positively impact the campus. 

Traditional water management systems are susceptible to many operational issues that may negatively affect 
efficiency. Smart water technology in an educational institution monitors water systems and enables rapid 
response to any issues that may affect water supply and quality. 

Systems equipped with machine learning capabilities can predict or detect problems early, helping to prevent 
unexpected downtime and substantial repair costs. For example, water leakages in underground pipes result in 
severe waste. Smart water solutions enable early leak detection and prompt system repair, helping minimize waste. 
Efficient water supply systems are more cost-effective in the long run. According to the study of Lawate (2016), 
SWM can save around 60 billion liters of water, with a 20-30% reduction in usage through low-cost measures. It 
aims to improve water use efficiency by up to 30%. The return on investment for these systems is generally less 
than one year due to savings on water bills and operational costs. 

Real-time quality monitoring can also help improve public health standards. Water quality monitoring is 
crucial for maintaining a healthy and safe learning environment for students, staff, and visitors in a school setting. 
Schools often have water fountains, kitchens, restrooms, and science labs that require clean drinking water for 
cooking, cleaning, and experiments. Smart water management systems with sensors can continuously monitor 
water quality metrics like pH, total dissolved solids (TDS), and oxidation-reduction potential (ORP) to detect 
contamination. 

For instance, machine learning algorithms can alert school maintenance teams to take immediate corrective 
actions if a contaminant increase is detected, perhaps due to a leak introducing pollutants or an issue with the 
water supply. This could involve shutting down affected water sources, flushing the system, or applying localized 
treatment to ensure safe drinking water is available. 

Such proactive monitoring helps prevent potential health risks, such as gastrointestinal illnesses from 
waterborne pathogens or chemical exposure from contaminants like lead or pesticides. Additionally, 
implementing smart water quality monitoring educates students about the importance of environmental health and 
sustainable practices, fostering a culture of safety and responsibility within the school community. 

Smart Water Management Systems also improve consumers' awareness of their consumption. By tracking 
water consumption in different buildings on campus, the university can identify high-usage areas that may require 
specific interventions. Moreover, smart meters can signal maintenance teams regarding unusual increases or 
spikes in consumption, which allows immediate corrective action.  

Regarding educational and research opportunities, the data collected from SWMS can be valuable for 
research projects on water conservation, sustainability, and smart technology applications. Students, engineering, 
environmental science, and data analytics faculty can utilize this data to conduct real-world studies and publish 
findings. Projects could focus on developing predictive models for water consumption, assessing the impact of 
water-saving technologies, or exploring new ways to enhance the efficiency of smart water management. 
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Similarly, SWMS can be incorporated into the university’s curricula, especially in engineering and 
technology programs. Students can learn about smart infrastructure, IoT applications, data analytics, and 
sustainable water management as part of their coursework. Hands-on experiences with SWMS will prepare 
students for future careers in civil engineering, environmental science, and smart technology development. It can 
also foster innovation by encouraging students to develop new solutions for water-related challenges. 

This system helps the campus optimize water usage and is an educational tool. It fosters a culture of 
environmental responsibility by giving the university community insights into water conservation efforts. Students 
can learn about the impact of their behaviors on water resources and adopt more sustainable practices, such as 
reducing shower times, turning off taps when not in use, or using water-efficient appliances in campus facilities. 

Ultimately, implementing smart water management in this university can significantly improve water 
efficiency, contribute to sustainability goals, and serve as a model for other educational institutions that promote 
sustainable water practices. 

5. Conclusions 
 

The proposed Smart Water Management System (SWMS) for a university in the Philippines is a 
transformative solution designed to address the pressing challenges of water resource management in an academic 
setting. By integrating advanced technologies such as IoT sensors, machine learning, and real-time monitoring 
systems, the SWMS aims to optimize water usage, reduce waste, and ensure sustainable practices. 

The SWMS can proactively address inefficiencies, prevent disruptions, and adapt to varying campus needs 
through predictive maintenance, demand forecasting, and leak detection. Despite challenges like financial 
constraints, technical complexities, and the need for stakeholder collaboration, the opportunities presented by this 
system, such as cost savings, sustainability, and improved resource allocation, far outweigh the hurdles. 

Integrating machine learning into the SWMS further enhances its potential, offering data-driven insights for 
accurate water demand predictions, anomaly detection, and efficient planning. By aligning with the university's 
vision for technological innovation and environmental responsibility, the SWMS supports academic excellence 
and serves as a model for sustainable water management in educational institutions. 

This initiative underscores the critical importance of leveraging technology to address real-world challenges. 
It paves the way for a future where smart resource management becomes a cornerstone of institutional operations. 
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