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Abstract— Energy and Water monitoring systems are 

focused to achieve efficient electricity and water control in 

smart grid systems. In order to achieve the effective 

systems, various functions such as measuring mechanisms, 

control mechanisms, management mechanisms and user 

interface mechanisms are required. In this project, energy 

intelligent software is supposed to read the smart meters and 

provide the overall details of all the electrical specifications 

and water consumption information. It consists of a Smart 

meter, Management gateway, Cloud server and User 

Interface.  Our testbed can provide an water and energy 

measurement function, smart meter control  function, an 

online monitoring function and an online control function. 

As the results, we show that it is a good fundamental 

platform to consider effective energy and water control 

mechanisms in real fields. 
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I. INTRODUCTION 

Reducing energy and water use is now widely seen as being 

good for the bottom line, as well as good for the 

environment. However, executives typically do not have the 

information they require to make informed, proactive 

decisions about their building portfolio’s energy and water 

use. Today’s business leaders are focused on just that: their 

business goals and strategies. While energy, water reduction 

and corporate social responsibility measures are important to 

executives, often the data and energy information is often 

not available in a simple, easy-to-comprehend format. 

Energy initiatives too often are one-time upgrades 

that are not monitored and measured properly over time. As 

a result, the benefits of these improvements are soon lost. 

The key to reducing energy use and sustaining decreases 

over time is providing executives with the right information, 

to enable informed decisions that balance energy use with 

other objectives, such as building comfort and employee 

productivity. Remote energy monitoring is a proven solution 

that delivers a visible impact to the bottom line. Using web-

based technology, remote energy monitoring delivers 

information, analysis, and guidance that allows business 

leaders to understand their organization’s energy use, take 

appropriate action, and continually improve energy 

efficiency and building performance. 

II. CLOUD BASED ENERGY AND WATER MONITORING 

SYSTEM 

A. System Model: 

Fig 1. shows the overview of the Cloud based Integrated 

Energy and Water management system. Energy intelligent 

software is supposed to read the smart meters and provide 

the overall details of all the electrical specifications. It 

consists of a energy and/or water meter and management 

gateway. Arduino, which is a micro computer device, is 

used as a management gateway device. Arduino consumes 

less power and hardware cost is also very inexpensive. 

RS485, which is a physical connection standard for Serial 

data transfer, is used as a communication protocol between 

Energy meters and the Management gateway. The cloud 

management server is constructed on private server services 

and this server can be accessed through Internet. 

1) Smart Meter: 

kWh meter is the electric meter that measures the amount of 

electrical energy in kWh that was consumed in the house. 

The kWh meter has a counter display that counts units of 

kilowatt-hour (kWh). The energy consumption is calculated 

by calculating the difference of the counter's reading in the 

specified period. 

 
Fig. 1: System Model 

2) Management Gateway: 

 The gateway consists of an Arduino Ethernet. The Arduino 

Ethernet has an ethernet interface, and supports the TCP/IP 

protocol stack. The management gateway also has a 

Hypertext Transfer Protocol (HTTP) client function and a 

HTTP server function. The HTTP client function is used to 

forward measured information to the cloud server.  

The HTTP server function is used to response 

requests from the cloud management server. Example: 

Arduino Mega 2560 (ATMega2560) 



Development of Cloud Based Integrated Energy and Water Monitoring System 

 (IJSRD/Vol. 3/Issue 03/2015/479) 

 

 All rights reserved by www.ijsrd.com 1921 

3) Cloud Server 

     The cloud management server consists of a web server 

function and a database server function. The web server 

receives the forwarded measured information from the 

management gateway. It also provides a web service for 

user interface to monitor the measured information and 

control the equipments under the management gateway. 

4) User Interface 

     Users can access to cloud management server by using 

web browser. User interface provided is based on PHP 

B. Flow Chart: 

Fig. 2 shows the flow chart of  Smart Meter  

1) Smart Meter:  

Smart Meter performs the following operations. 

1) Initialization of the Device 

Smart meter will initialize the I/O port of the device and it 

will start the watchdog timer to monitor the operation status 

of the own device. 

2) Periodic Monitoring And Measuring 

The Smart meter will measure consumption of water and 

energy, and send the measured value to the management 

gateway at some periods. The interval of reporting is set 

according to the predefined parameters. 

 
Fig. 2: Flow Chart of Smart Meter 

Fig. 3 shows the flow chart of Management gateway. 

2) Management gateway:   

The management gateway performs the following 

operations. 

1) Initialization of the device, the management 

gateway initializes the I/O ports of the Arduino 

port and the smart meters and initializes the 

Ethernet after boot up. It starts the watchdog timer 

of the Arduino. 

2) Packet reception from the smart meters, the 

management gateway receives the packets from the 

smart meters at specified time intervals. And then it 

generates the HTTP message including the 

measured consumption data according to the 

received packet and sends it to the cloud sever. 

3) Packet reception from cloud server, the 

management gateway receives the control packets 

from the cloud server and controls the smart meters 

and reply the status of the smart meters to the cloud 

server. 

 
Fig. 3: Flow Chart of Management Gateway 
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3) Cloud Server:  

Cloud server performs the following functions. 

1) Packet reception from the management gateway 

The cloud server receives the packets from the 

management gateway, it decodes the packets and 

stores the measured consumption data into the 

database. 

2) Packet reception from User Interface. Cloud server 

requests authorization to the User Interface when it 

receives packets from the user interface. 

C. Communication Process: 

1) Period Reporting:  

Fig 4 shows the signaling for reporting measured data. The 

smart meters report the measured consumption data 

periodically to the management gateway using MODBUS 

protocol. The management gateway converts the measured 

data from MODBUS protocol to HTTP and forwards it to 

Cloud server. 

2) Controlling Devices:  

Fig 5 shows the signaling for controlling devices. The user 

interface accesses the cloud server via HTTP using proper 

authorization. The server accesses the management gateway 

to check the status of smart meters. Then, it replies the status 

of smart meter to the user interface. The user interface also 

sends the controlling request when the user requests to 

control smart meters. The server also sends the controlling 

request to the management gateway to control the smart 

meters. The management gateway replies the status of smart 

meters when it has controlled them according to the 

controlling request. 

 
Fig.  5: Signaling for Controlling Devices 

III. METHODOLOGY 

In this project, energy intelligent software is supposed to 

read the smart meters and provide the overall details of all 

the electrical specifications. It consists of a energy 

meter(smart meter) and a gateway. The gateway is a 

protocol convertor i.e it converts the electrical signal from 

the meters to the rs-485 data packets. Data from the gateway 

is fed to the server software in the form of rs-485 packets. 

The server software follows a layered architecture – a 

Python based service routine to receive rs-485 packets, a 

MySQL database management system and a PHP web-

application framework. 

1) Energy meter(Smart meter) is the master unit 

which will interact with the Server and Gateway. It 

sends and receives the packet to the Server via the 

Gateway. The software (Server) is only to interact 

with the gateway as the rest of thing is taken care 

by the gateway firmware. 

2) Python script is interacting with hardware and if 

any changes in the hardware state it updates the 

database and there is another PHP script which is 

running for GUI. Whenever there are changes in 

the database it will reflect in the GUI and if PHP 

make some changes in database then Python script 

change the hardware state according to the 

database. In this system the gateway are 

programmed in manner that it sends packet for 

every change in meter value to the server system 

processes the packet and updates the database  

3) The server software follows a layered                

architecture: Python based service routine to 

transmit and receive packets, a MySQL database 

management system and a PHP web-application 

framework. A large number of smart meters can 

communicate with the software, thereby enabling 

an intelligent and simplistic way of monitoring. 

IV. EXPERIMENTAL EVALUATION 

In order to evaluate the proposed mechanisms, we have 

developed the test bed implementation. 

A. Smart Meter 

     We use smart meter for energy and water consumption 

measurement . Energy meters are suitable for recording 

energy consumption in kilowatt-hour(kWh), maximum 

demand (KVA), Power factor(PF) and other electrical 

specifications. Water meters provide the consumption in 

litres. 

B. Management Gateway  

     We use Arduino Ethernet ATMega2560, it operates by 

AC adapter. The IP address of ethernet interface is fixed 

according to the predefined address. Therefore, a global IP 

address or a port forwarding mechanism is required to 

access the management gateway from the cloud 

management server. 

C. Cloud Server  

     We use Ubuntu OS on a virtual private server service. 

The apache web server and MySQL database server are used 

to create web applications. The application is written in 

Python. 

D. User Interface 

     Our user interface is provided as the web application 

using PHP. This can be accessed from any browser using 

internet. The user interface tabs present the real time 

breakdown of power and water consumption and provide the 

consumption during time interval, day, week month or year 

data. 
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V. CONCLUSION 

In this paper, we have implemented the cloud based energy 

management system based on Arduino which is an 

opensource electronics prototyping platform and virtual 

private server services. The system supports measurement of 

electrical and water consumption information, data 

collection, operation control based on the measured 

information, remote monitoring and remote control. From 

the testbed, our developed system can achieve remote 

monitoring and remote controlling smart meters from 

various kind of browsers. As the results, we can confirm that 

the proposed system can work well as EMS and can be the 

fundamental platform for the intelligence energy 

management. 
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