
© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002 

IJIRT 191572 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6963 

Blockchain and IoT-Based Secure Framework for 

Intelligent Water Management 
 

 

M. Rajkumar1, M. Nivas2, M. Rahul3, P. Lakshman4, R Sanghavi5, Dr. S Shiva Prasad5 
1,2,3,4Student, Department of CSE(DataScience), MallaReddy Engineering college, Secunderabad 

5Assistant Professor, Department of CSE(DataScience), MallaReddy Engineering college, Secunderabad 
6Professor, Department of CSE(DataScience), MallaReddy Engineering college, Secunderabad 

 

 

Abstract—The growing shortage of clean water and the 

problems with traditional water management systems 

highlight the need for new technological solutions. This 

project suggests a blockchain-based water management 

system to improve transparency, security, and efficiency 

in tracking water distribution and usage. By using 

blockchain's decentralized ledger, the system records 

and verifies water usage data in real time across various 

stakeholders, including suppliers, distributors, and 

consumers. Smart contracts automate transactions and 

help ensure compliance with regulations and 

sustainability standards, reducing human errors and 

corruption. Furthermore, the unchangeable nature of 

blockchain offers reliable data for making policies and 

planning resources. Connecting with IoT sensors allows 

for precise monitoring of water quality and consumption, 

leading to better decision-making based on data. Overall, 

this project seeks to transform water management by 

establishing a clear, accountable, and efficient system 

that promotes sustainable resource use and fair water 

distribution for both communities and industries. 

 

Index Terms—Blockchain, resource optimization, data 

security, IoT integration, water management, smart 

contracts, decentralization, transparency, sustainability, 

and real-time monitoring 

 

I. NTRODUCTION 

 

Water is an essential natural resource that sustains 

industry, agriculture, human life, and ecological 

balance. The availability of water resources has been 

severely strained in recent years due to population 

growth, rapid urbanization, climate variability, and 

rising industrial demand. Effective water management 

is crucial since many parts of the world are dealing 

with water scarcity, unequal distribution, and 

deteriorating water quality. As a result, both 

communities and governments now consider the 

sustainable use of water resources to be crucial. 

Conventional water management systems rely on 

manual data collection, sporadic reporting, and 

restricted monitoring capabilities. They are primarily 

centralized. These systems frequently have problems 

like imprecise measurement, slow data updates, a lack 

of transparency, and susceptibility to data 

manipulation. Water loss, unauthorized use, 

ineffective billing, and inadequate accountability are 

therefore frequent problems. Coordination between 

various stakeholders, such as water authorities, service 

providers, and customers, is made more difficult by the 

lack of a consistent and reliable data management 

framework. 

In a blockchain-based water management system, 

smart contracts are essential for automating decision-

making procedures. Smart contracts with predefined 

rules can compute usage-based billing, automatically 

enforce water allocation policies, and guarantee 

regulatory compliance. Water management policies 

are applied fairly and consistently thanks to this 

automation, which also lowers administrative 

overhead and human error.  

To sum up, a blockchain-based water management 

system is a cutting-edge solution to the problems with 

conventional water governance. The system enhances 

sustainability, efficiency, and transparency by 

integrating automated policy enforcement, real-time 

monitoring, and decentralized data storage. In an 

increasingly water-stressed world, such an approach 

promotes responsible water use, builds stakeholder 

trust, and helps conserve water resources over the long 

term. 
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Figure 1. Main components of the smart water 

management system. 

 

II. LITERATURE SURVEY 

 

Growing scarcity, population expansion, and climate 

change have made water management a significant 

area of study. For data collection and distribution 

control, traditional water management systems mainly 

rely on centralized authorities. This frequently leads to 

data manipulation, inefficiencies, and a lack of 

transparency. To enhance water monitoring and 

decision-making, recent research has examined 

integrating technologies such as cloud computing, 

artificial intelligence, and the Internet of Things (IoT). 

IoT-based systems for real-time water quality and 

usage monitoring were proposed by researchers like 

Zhou et al. (2020), but issues with data integrity and 

centralized control persisted. Blockchain technology 

has become an intriguing solution to these problems. 

Blockchain offers a decentralized, immutable ledger 

that guarantees security, openness, and confidence 

between all stakeholders. According to Singh and 

Sharma (2021), smart contracts in water distribution 

systems can simplify operations and prevent data 

manipulation using blockchain technology. 

According to additional research by Patel et al. (2022), 

combining blockchain with IoT enables precise 

tracking of water quality and usage, enhancing 

accountability and reducing losses. Despite these 

developments, issues like scalability, cost, and system 

interoperability still prevent blockchain from being 

widely used in water management.  

Overall, research indicates that integrating blockchain 

and IoT technologies can significantly improve data 

dependability, sustainability, and water management 

efficiency. This provides a solid foundation for the 

suggested blockchain-based water management 

system. 

By combining IoT-based smart water meters, 

blockchain technology, and smart contracts, the 

suggested methodology overcomes the drawbacks of 

conventional centralized water management systems 

to guarantee safe, transparent, and automated water 

resource management. Conventional systems rely on 

centralized databases and manual meter readings, 

which are vulnerable to data manipulation, inaccurate 

billing, slow processing, and a lack of accountability. 

Unauthorized parties may alter or remove data once it 

is centrally stored, resulting in disagreements and lost 

profits. 
 

III. PROPOSED METHODOLOGY 

 

In the proposed system, Internet of Things (IoT)–

enabled sensors and smart water meters are deployed 

at various points in the water supply network, 

including sources, distribution pipelines, and 

consumer endpoints. These devices continuously 

collect real-time data such as water flow rate, 

consumption volume, pressure levels, and quality 

parameters. The collected data is transmitted securely 

to the blockchain network, where it is validated and 

permanently recorded as immutable transactions. 

The system's main data layer is blockchain 

technology, which keeps a distributed ledger that 

keeps track of all water use and distribution records. 

Each transaction is protected by cryptography and a 

time stamp, which makes sure that the data is accurate 

and can be traced. Because the ledger is shared among 

many nodes, no one person or group has control over 

the data. This gets rid of the risks that come with 

centralized data manipulation and unauthorized 

access. 

 The suggested system uses a decentralized 

blockchain-based methodology to address these 

problems, recording water consumption data in an 

unchangeable manner and automating billing 

processes. Real-time data collection, secure 

transmission, blockchain storage, smart contract 

execution, and user interaction are the various phases 

of the methodology's operation. Throughout the water 

management lifecycle, every step is intended to 

remove single points of failure and guarantee data 

integrity. 
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Figure 2. Methodology for Blockchain-Based System 

Blockchain-Based Identity Registration 

 

Identity registration in blockchain is a secure and 

decentralized way to uniquely identify and 

authenticate the participants of water management. In 

the envisaged system, every user (administrators and 

consumers) authenticates via a blockchain-based 

identity system in order to be automatically identified, 

and no illegal access is permitted. As opposed to 

traditional identity systems that rely on central servers, 

this process decentralizes identity records throughout 

the blockchain, thereby eliminating points of failure 

and minimizing the potential for fraud as it relates to 

an individual's identity. 

Upon registration, verification of user credentials and 

a transformed cryptographic representation for the 

blockchain ledger are performed. This procedure 

guarantees that private data shall be maintained as 

confidential, while identities can still be authenticated 

as deemed necessary. Once an identity is recorded, it 

cannot be deleted or changed and stays forever, 

making it a reliable source of results over time. Every 

registered user is identified on the blockchain, 

allowing for the tracking of all activities within the 

system according to each user's profile. 

All things considered, blockchain-based identity 

registration improves data security, builds trust, and 

streamlines authentication procedures. The system 

improves system integrity and operational efficiency 

by ensuring that only verified users can engage with 

water management operations through the provision of 

a transparent and tamper-resistant identity 

management solution. 

 
Figure 3. Identity Registration 

3.1. IoT-Based Water Consumption Data Collection 

IoT-based smart water meters are used in the first step 

of the methodology to measure water consumption in 

real time. Water flow and consumption are 

continuously monitored by these meters, which are 

installed at consumer endpoints. In contrast to 

conventional meters, smart meters eliminate human 

error and manual intervention by automatically 

recording precise readings at regular intervals. The 

information gathered shows how much water is 

actually used and aids in the early identification of 

unusual consumption or leaks. 

 

 
Table 1. Sample Water Quality Dataset for Potability Analysis 
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3.2. Blockchain-Based Data Storage 

The water usage data is sent to the blockchain network 

after encryption. The encrypted consumption records 

are kept on the blockchain as unchangeable 

transactions rather than in a centralized database. 

Consumption value, timestamp, consumer identifier, 

and transaction hash are all included in each 

transaction. Data cannot be changed or removed once 

it has been recorded, guaranteeing openness and 

confidence between customers and water authorities. 

 

3.3. Smart Contract-Based Billing and Payment 

Automation 

The stored water consumption data is automatically 

processed by smart contracts that are implemented on 

the blockchain. The smart contract determines each 

customer's water bill automatically based on 

predetermined tariff rules. The user can access the 

generated bill via a mobile or web application. 

Payment confirmations are validated and stored on the 

blockchain, guaranteeing unchangeable billing and 

transaction records. Users can make payments 

digitally. 
 

 
Figure 4. Smart Contract Authorization and Role-

Based File Access Workflow 

 

IV. PROPOSED METHODS 

 

The proposed system introduces a set of integrated 

security methods designed to overcome the limitations 

of traditional perimeter-based and centralized 

authentication models. Each method contributes to 

eliminating implicit trust, preventing privilege 

persistence, and ensuring that access to resources is 

determined dynamically and verifiably. The approach 

combines decentralized identity management on the 

blockchain, continuous request evaluation based on 

Zero Trust principles, smart contract–driven 

authorization, and encrypted off-chain data handling. 

Together, these methods establish a cryptographically 

enforced environment in which authentication, 

authorization, confidentiality, and auditing operate 

independently of administrators or centralized servers. 

The subsections that follow outline each method in 

detail and clarify its role in the overall security model. 

 

4.1.  Decentralized Identity Verification Using 

Blockchain 

This method replaces centralized user identity storage 

with the whole thing starts when they put these IoT 

smart water meters out at people's homes or whatever. 

You know, the devices that keep track of water flow 

all the time and spit out data right as it happens. It's 

kind of different from the old school meters, where 

someone has to go read them every now and then by 

hand. These smart ones just collect info nonstop, and 

it seems more precise that way.  

I think that helps catch stuff like leaks or when 

someone's using too much water, right away instead of 

later. Accuracy goes up, and you spot those weird 

patterns fast. The continuous part makes a big 

difference, I guess, even if it's not perfect. Sometimes 

it feels like the manual readings were just a hassle 

anyway. 

 

4.2 Data Validation and Encryption 

But before they actually store the water consumption 

information, they validate that information to ensure 

that everything is correct and nothing is missing. It just 

seems really important or something to prevent errors 

down the line. And then, once it’s valid, they encrypt 

it using something like AES, which is symmetric 

encryption. 

Encryption protects the water consumption 

information, particularly when it is being transmitted 

or stored elsewhere. Without this, unauthorized 

individuals could access information they should not. 

It affects consumer privacy significantly, at least this 

is what seems to be happening. 

 

4.3 Decentralized Ledger-Based Storage 

The encrypted water consumption data is stored within 

a blockchain instead of a database. Each entry is stored 

within a blockchain transaction that includes data on 

water consumption, along with timestamps and 
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“cryptographic hashes.” Moreover, thanks to 

blockchain technology’s immutable characteristics, 

data cannot be modified or deleted once it is verified. 

This decentralized approach to data storage prevents 

data from being managed by a central entity. 

 

4.4 Automated Billing Through Smart Contracts 

Automated billing is implemented using smart 

contracts deployed on the blockchain. The contract 

calculates bills based on predefined tariff rates and 

real-time consumption data, enabling automatic, 

unbiased, and time-efficient billing without human 

intervention. Access authorization is also enforced 

through Solidity smart contracts, where file access 

decisions are made automatically based on on-chain 

metadata. Public files are accessible to all 

authenticated users, while Private files are restricted to 

the uploader. Unauthorized access attempts are denied 

and permanently recorded on the blockchain, ensuring 

transparent and tamper-proof access control. 

 

4.5 File-Centric Role Assignment Instead of User 

Roles 

The system adopts a file-centric access control model 

where visibility rules are assigned at the time of file 

upload rather than through permanent user roles. Each 

file is classified as Public or Private, determining 

access independently of user identity or organizational 

role. These permissions are stored immutably on the 

blockchain, preventing post-upload modification and 

eliminating risks such as privilege escalation and role 

leakage. This approach enforces Zero Trust principles 

by binding access control directly to the resource. 

 

4.6 Immutable Blockchain-Based Audit Trails 

All file-related actions, including uploads, access 

requests, and denied attempts, are recorded as 

blockchain transactions through smart contracts. Each 

record contains the requester identity, action type, and 

access outcome. Due to blockchain immutability, audit 

logs cannot be altered or deleted, ensuring reliable 

forensic evidence and accountability. This 

decentralized audit mechanism removes dependence 

on centralized logging systems and provides a tamper-

resistant security history. 

 

4.7 Random Forest in Water Quality Prediction 

The Random Forest algorithm is a machine learning 

algorithm and is employed for carrying out 

classifications and predictions. In water quality 

prediction models, this algorithm is mainly utilized for 

classifications between potable and non-potable water 

based on various parameters of water quality. 

It functions by building numerous decision trees on 

various subsets of data and attributes such as pH, 

hardness, solids, chloramines, sulphate, conductivity, 

organic carbon, trihalomethanes, and turbidity. A 

decision is reached for each decision tree 

independently, and then a consensus is reached by 

majority or averaging for classification and regression 

models respectively. 

 
Figure 5. Random Forest Model for Water Quality 

Prediction 

 

V. RESULTS 

 

This is the screenshot of the home page of the 

Blockchain-Based Water Management System. This 

home page provides a brief idea about the system and 

acts as a gateway for the users and administrators to 

enter into the system. The facilities that are available 

on the home page are Admin Login, Access Water 

Allocation, and Access Your Bill through which users 

can shift to different functional modules of the system. 

The banner on the home page expresses the usage of 

blockchain technology in water management systems. 
 

 
Figure 6. Home Page of Blockchain-Based Water 

Management System 
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This figure shows the system's Admin Login screen, 

which will let authorized administrators securely 

access the backend functionalities by providing valid 

credentials. Authentication allows only authorized 

personnel to perform sensitive operations such as 

water allocation, bill generation, and verification of 

payments. This module prevents unauthorized access 

and enhances the security of the system. 

 

 
Figure 7. Admin Login Screen 

 

The Admin Dashboard is the beginning of the main 

control panel, which gives access to various core 

functionalities that an administrator can perform when 

he/she intents to perform duties related to water 

allocation, water quality prediction, bill generation, 

and bill payments, and the options to log out. The 

welcome message confirms that he has successfully 

logged in by starting the session. 

 

 
Figure 8. Admin Dashboard 

 

The Water Resources Allocation Screen acts as the 

management interface that helps administrators in 

controlling and documenting the distribution of water 

resources. Under this module, the administrator is 

allowed to enter the key allocation information, such 

as area name, quantum of water allocated, allocation 

category (residential or other types), date of allocation.  

The screen also provides records of important water 

quality parameters such as pH level, conductivity, 

turbidity, and organic carbon content besides the 

allocation details. In fact, all these parameters are very 

significant in assessing the safety and suitability of the 

supplied water 

 

 
Figure 9. Water Resources Allocation Screen 

 

The blockchain transaction output, which is received 

after the water allocation information has been 

submitted, verifies that the information has been 

recorded on the blockchain network successfully. This 

output screen provides parameters of the completed 

transactions, such as the hash, block number, gas used, 

and execution status, which ensure that the 

information submitted has been processed through a 

blockchain-based transaction, which gives 

cryptographic evidence of the information integrity. 
 

 
Figure 10. Blockchain Transaction Output for Water 

Quality Prediction 

 

This screen is used by the administrator to generate 

water bills for citizens based on their use of water. The 

information provided on this screen includes customer 

ID number, customer name, water quantity used by the 

customer, amount due for water bill, and date for 
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which water bill is prepared. This provides an accurate 

and error-free system for water bill generation. 

After the needed information has been submitted, the 

process of processing the billing information starts, 

and it is prepared for storage.  
 

 
Figure 11: Generate Bill Screen 

 

This image shows the transaction output in the 

blockchain created when the bill information is posted. 

This indicates successful storage of the billing 

information in the blockchain. The screen contains 

transaction information about hash, block number, gas 

consumed, and execution status. 

All the above details serve as evidence to the fact that 

the bill data is immutable and secured. The system 

secures the traceability of the data by recording the 

billing details on the blockchain system. 

 

 
Figure 12. Blockchain Transaction Output for Bill 

Generation 
 

The Accept Payment Screen displays the generated 

bill list along with customer information, consumed 

water, amount of bill, and the billing date. This page 

enables the administrator or user to start the payment 

process of the pending bill. There is a special feature 

available on this page to accept payments for different 

bills. 

This interface is useful in monitoring pending 

payments and helps in proper monetary management. 

Payment handling is made easy, and the status of all 

bills within the system is clearly communicated. 

 

 
Figure 13. Accept Payment Screen 

 

The above picture depicts the Payment Confirmation 

Screen. The confirmation screen is a screen from 

where it is verified whether a certain payment has been 

successfully processed or not. The confirmation 

message further ensures that all payments were 

processed without errors. 

The status of the successful payment is also recorded 

by the system for accountability and transparency. The 

screen above confirms the finalization of the entire 

billing sequence right from the moment the bill is 

generated to the time it is settled through payment. 

 

 
Figure 14. Payment Confirmation Screen 

 

So, this screen provides information about areas and 

their stored water allocation and water quality 

prediction. Information provided includes area name, 

allocated water quantity, type of allocation, date of 

allocation, pH value, conductivity, turbidity, organic 

carbon, and finally the status of water quality. 

With the allocation and prediction information of 

quality displayed on the same page, it becomes easy to 



© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002 

IJIRT 191572 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6970 

monitor water resources through this interface. This 

will also enable the authority to check the degree to 

which the water provided satisfies the required 

standard. 

 

 
Figure 15. Water Allocation and Quality Prediction 

Details Screen 

 

The View Bill Screen enables customers to view their 

billing details after providing a specific bill number. 

This screen provides an effective and secure way to get 

bill details to customers. The system also ensures that 

access to these billing details is controlled because, to 

get this information, one needs to provide the bill 

number. 

This is quite transparency-effective as users will be 

able to verify their billing details without necessarily 

depending on other people. The water bills that will be 

raised utilizing the blockchain system will thus be 

quickly verified. 

 

 
Figure 16. View Bill Screen 

 

The View Bill Details Screen will display all bill 

details after a valid bill number is entered. This will 

include details such as bill number, Customer ID, 

Customer Name, Consumed Water Quantity, Amount, 

Date, and Payment Status.  

The addition of payment status information verifies 

whether payment has been made on the bill, which 

resolves any concerns related to billing. Since the bill 

information comes from the blockchain, there is 

accuracy, transparency, and integrity associated with 

the billing process. 

 

 
Figure 17. View Bill Details Screen 

 

VI. CONCLUSION 

 

The proposed blockchain-based water resource 

management system is a major improvement over the 

existing centralized system in terms of transparency, 

security, and efficiency. The proposed system allows 

all parties involved to view tamper-proof and 

immutable records of water usage, distribution, and 

billing because of the use of a decentralized ledger. 

The inclusion of IoT sensors in the system allows real-

time data collection and enables timely leak or 

anomaly detection. 

The smart contracts in this system are able to automate 

major aspects such as billing, enforcement of policies, 

and application of fines. It not only ensures a 

streamlined system but also helps in promoting 

responsible use of water resources by sending 

warnings and enforcing limits. The system has a 

scalable architecture and can thus be applied in 

disparate environments. 
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