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Abstract— Water scarcity is one of the major threats to 

human society. Though there are many reasons for water 

scarcity like water pollution, drought and global warming, 

overuse of domestic water is one of the major causes of water 

scarcity. More than one billion people are deprived of clean 

drinking water and water for other purposes. One of the main 

solutions that were found to this problem is rainwater 

harvesting. Many countries encouraged the citizens to collect 

the rainwater for further uses. Though the rainwater is 

preserved, another issue named water over usage comes into 

existence. Most of the time, the water supplied for domestic 

reasons may undergo several preprocessing like filtration, 

osmosis, etc. to ensure the cleanliness of the water. When this 

water is wasted for petty reasons like washing dishes and 

watering plants, it may lead to the shortage of freshwater for 

necessary needs like cattle feeding, food production, farming, 

etc. Many researchers and scientists have found a lot of 

techniques and processes to minimize the usage of fresh water 

in households. This project aims the development of a mobile 

application that constantly monitors the water usage by a 

house in a community. There will be a prefixed value for the 

amount of water each house can use. If the water usage exceeds 

the prefixed value, the inmates of the house are asked to pay a 

certain fine amount which is calculated by the number of extra 

liters used and the prefixed fine amount for each liter. If the 

fine amount was not paid, the water supply to that particular 

house will be blocked. All of the above-mentioned processes are 

monitored by this application. Hardware components like 

multiple sensors, adaptors, motors are used for this purpose. 

The whole working of the hardware is controlled by a 

microcontroller namely Arduino Uno. This application helps in 

the control of the over usage of water in residential buildings. 

This can be equipped in apartments, community houses, 

quarters, etc. to constantly monitor the water usage in every 

individual part of the building.  

Keywords— Water scarcity, domestic over usage of water, 

mobile application, sensors, adaptors, motors, Arduino.  

I. INTRODUCTION 

The shortage of freshwater supplies to meet the typical 
water demand is known as water scarcity. Water scarcity can 

also be defined as an absence of accessibility of water due to 
a physical scarcity, or a lack of access due to a building's 
failure to provide a regular supply or a lack of appropriate 
infrastructure. A common misconception among people is 
that water is an easily available resource as almost seventy 
percent of the world is filled with water. The problem begins 
when surveys state that the freshwater that people use for 
consumption and other daily activities like cleaning and 
bathing is just 3% of the total water available. The rest of the 
water on earth is in the form of glaciers and seawater which 
is not fit for human consumption. Poor sanitation is a 
problem for roughly two billion people, putting them at risk 
of diseases such as typhoid fever and diarrhea, and several 
other water-borne illnesses. Diarrhea kills two million people 
per year, the majority of them are infants and kids. More than 
half of the world's wetlands have been depleted or depleted 
in some way. Farming is the industry that uses the most 
water, but the vast majority of it is wasted owing to 
inefficient water management. If consumption continues at 
its current rate, the situation will only deteriorate. By 2025, 
water scarcity may affect two-thirds of the world's 
population, according to some estimates. As a result, 
ecosystems all around the planet will suffer irreparable 
damage. 

The two most prevalent types of water scarcity are 
physical water scarcity and economic water scarcity. In a 
physical water shortage situation, natural supplies are 
insufficient to meet demand in a particular location; in an 
economic water scarcity situation, copious water resources 
are poorly managed. Cities and towns in Bangladesh, 
northern and central India, southern Madagascar, Myanmar, 
and southern Mozambique are experiencing severe water 
scarcity, according to NASA satellite images, endangering 
the lives of millions of people. Despite a lot of monsoon 
floods, potable drinking water is becoming increasingly 
scarce in Bangladesh due to diminishing groundwater 
sources, declining rainfall, and rising seas that make the 
water salty. In India, 163 million people, or 15% of local 
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inhabitants of certain towns in the northern and eastern side, 
lack access to safe drinking water close to home. 

Many preventive measures have been taken and will be 
taken by the countries to reduce this water scarcity and to 
increase the groundwater level. As a lot of freshwaters has 
been wasted for household chores, it is mandatory to limit 
the usage of water in domestic works like cleaning, bathing, 
and washing dishes. This project provides a solution to 
reduce the over usage of water in residential buildings. This 
project intends to create a smartphone application that 
continuously analyses a house's water usage in a community. 
The amount of water that each house can consume will be set 
at a predetermined amount. If the consumption of water 
exceeds the predetermined limit, the housemates are required 
to pay a fine based on the number of excess liters consumed 
and the predetermined fine amount per liter. The water 
supply to that particular house will be cut off if the fine is not 
paid. This application keeps track of all of the processes 
stated above. For this, hardware components such as 
numerous sensors, adaptors, and motors are used. A flow 
sensor is used to monitor the flow of water from the sump to 
the house. A servo motor is used to control the water flow if 
the water exceeds the limit and no fine amount is paid. A 
nodeMCU module is used to integrate the technology of the 
Internet of Things into the setup so that the hardware can be 
connected to the software application. Along with this, some 
other components were also used and they will be explained 
further in the paper.  

II. LITERATURE SURVEY 

Increased water scarcity in the urban and semi-urban 
areas was the main reason to thrive for an application that 
can monitor and control water usage. Many scientists 
performed various researches and analyses on the problem of 
water scarcity in India.  According to S Manju and 
Netramani Sagar from India, the increased usage and 
emission of greenhouse gases are one of the most common 
reasons for water scarcity in India. They also stated that 
overpopulation is also the main cause of water scarcity. The 
amount of water required by a country is directly 
proportional to the number of habitats in the country. They 
predicted that the overall population of India will cross 1.6 
billion by the start of 2050. If the situation happens as they 
predicted, then India will be the 40th country to have the 
maximum water scarcity in the world. They also suggested 
some water purification techniques like solar desalination, 
wave power desalination, geothermal desalination, etc. [1]. 
Research scholars from the Banaras Hindu University stated 
that water pollution is also the main cause of water scarcity 
in India. According to the recent research by, International 
Water Management Institute, 1.2 billion people lack access 
to clean, drinkable water, which is a necessary aspect of 
human wellness. As per the World Wildlife Fund, two-thirds 
of the world's population may face water shortages by 2025. 
Freshwater resources continue to dwindle over the world. 
Water requirement is expected to rise by 40% by 2030. They 
suggested some techniques like pollution and contamination, 
drought mitigation, aquifer storage and recovery, rainwater 
harvesting, etc. They concluded that the Government of India 
must take some preventive measures to be prepared for the 
water scarcity which may create a lot of negative 
consequences shortly [2]. 

Another group of research scholars from HNB Garhwal 
University of Uttarakhand also researched the same issue. 

They said that on Earth, the amount of usable water is quite 
limited. The majority of India's surface waters, including 
rivers and lakes, are becoming increasingly polluted as a 
result of a slew of human activities of all kinds. Although 
various efforts have been done on a larger scale, such as 
National River and Lake Conservation Plans, the quality of 
water resources appears to be far from sufficient. The Ganga, 
the world's most important river, has become a crap hole for 
environmentally damaging enterprises and municipal 
organizations. They concluded that reducing the risky 
processes which may lead to the main cause of water scarcity 
should be reduced by both Governmental measures and the 
conscience of every individual citizen in India [3].  

The sustainable development goal developed by the 
United Nations organization is also having the reduction of 
water scarcity as one of its main objectives. Researchers 
from the Czech Republic quoted the need for implementing 
sustainable development goals using certain indicators. 
Indicators of varying quality (in terms of the fulfillment of 
particular criteria) have been proposed to assess sustainable 
development, according to a critical study. Even though there 
is a lot of theoretical study on indicator quality criteria, users 
aren't always aware of how well the indicators depict the 
phenomena being monitored in practice. As a result, we 
emphasize the need of operationalizing the Sustainable 
Development Goals' aims and evaluating the indicators' 
significance, the most important quality trait among the 
indicators' sensory attributes. Though it directly didn’t press 
on the issue of water scarcity, the sustainable development 
goals aim in the reduction of water scarcity [4]. Some 
researchers also incorporated some advanced techniques in 
the reduction of water scarcity. A crew of researchers from 
the United States of America analyzed the amount of water 
needed in business solutions. This thought process of them 
leads to certain conclusions which are analyzed further. 
Considering the significance of water, it can be difficult for 
businesses to properly emphasize the value of freshwater 
resources in their operations. Water is handled as a utility by 
many enterprises, analogous to electricity, with costs paid to 
municipal or regional suppliers. Water is free for other 
enterprises having water rights, save for the expenditures of 
churning and upkeep. These water costs, on the other hand, 
grossly underestimate the value of water to businesses, let 
alone the general population or ecosystems. When water is 
scarce, the importance of water to business is often 
overlooked [5]. Researchers from Germany stated that the 
water scarcity of Jordan can be reduced by using 
groundwater protection. Groundwater protection creates 
various policy challenges, which presents a big difficulty for 
water managers because it necessitates options and actions 
that are regionally tailored to suit diverse places). The 
demand for productive wastewater treatment and repurpose 
ideas will be critical to reducing groundwater contamination 
and its economic, social, and physical pressures, as 
demonstrated by Jordan, where drainage systems are 
installed in most city environments, but gentrified and 
sparsely populated dwellings are not associated to such 
centralized facilities and have no complementary approaches 
due to high expenses [6]. 

Climate change is also referred to as one of the reasons 
for water scarcity. It is safe to say that climate change and 
water scarcity are interdependent. Researchers from Spain 
analyzed the dependency of these parameters in their 
research. According to them, all evidence point to a rise in 
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environmental and water shortage issues, which will have 
significant consequences for present and future 
sustainability. Groundwater contamination in Mediterranean 
countries is being pressured by these forces, and it will need 
to change to meet the Millennium Development Goals' goal 
of expanding the population with guaranteed access to 
freshwater. The necessity of basin-level local management is 
highlighted, but the substantial advantages are contingent on 
effective multi-institutional and non - linear and non-
collaboration [7]. Flow measurement is a crucial part of this 
project. If the amount of water used by a single house or a 
part of the building was not measured properly, then the 
whole point of this research would be absurd. Researchers 
from South Korea depicted a method to measure a liquid 
flowing through the pile using an electromagnetic flowmeter. 
They also claimed that the response time of this flow 
measurement increases the accuracy of the measurement. 
They used the technique of alternating current in the 
measurement of flow. In the end, the AC electromagnetic 
flowmeter operated brilliantly for both single-phase and 
dual-phase bubble flow, regardless of the conditions. When 
dealing with a two-phase bubble flow, it is possible to 
compute the liquid flow rate in a liquid-gas mixture by 
simply calculating the pressure difference [8]. 

Researchers from Pune and Chennai also incorporated 
the usage of an Arduino board and a flow sensor in the 
measurement of water flow from one point to another. They 
stated that the flow measurement also necessitates careful 
observation and analytical predictions. This drives the 
development of a flow management system that incorporates 
a flow meter connection with the embedded controller. It is 
relatively simple to construct such in-house developed 
systems in today's generation of open-source 
instrumentation. The construction of a liquid flow 
surveillance system employing the YF-DN50 flow sensor 
and the Arduino interface is shown in this work. The 
algorithm is created in the ARDUINO IDE and sent to 
Microsoft Excel using the PLX DAQ. They conducted this 
experiment using a centrifugal pump [9]. The NodeMCU 
board also plays an important role in this research. The 
nodeMCU module is used to connect the various 
components of the research into a single circuit using the 
Internet of Things. This technique was inspired by a review 
paper written by an Indian Scientist. According to him, the 
NodeMCU module can be programmed using various 
software and platforms. This includes interpreters like 
Espruino, Espressif, Mongoose operating system, etc. The 
NodeMCU is also compatible with the Arduino board. The 
Arduino IDE is a cross-platform tool for writing and 
uploading programs to Arduino interoperable boards, as well 
as other vendor prototyping boards with the use of third-
party cores. The ESP8266 community built an add-on for the 
Arduino IDE that allows you to program the ESP8266 with 
the Arduino IDE's scripting language [10].  

III. HARDWARE REQUIREMENT 

A.  Flow Sensor:  

A flow sensor is a device that detects the flow of a fluid, 
such as a gas or liquid. Flow sensors are often attached to 
gauges to display their readings, but they can also be linked 
to computers and other digital displays. Flow sensors assess 
variations in the fluid's physical properties and determine its 
flow using both mechanical and electrical components. 
Contact and non-contact flow sensors are the two types of 

flow sensors. Water flow sensors are installed at the water 
source or in the pipes to determine the volume of water that 
has gone through the pipe by detecting the flow rate. A water 
flow sensor consists of a plastic valve that allows water to 
flow through it. A water rotor and a hall effect sensor are 
used to perceive and measure the water flow. The Hall effect 
is used to operate the water flow sensor. The rotor spins 
when water enters through the valve. The variation in motor 
speed is depicted in this diagram. The hall effect sensor 
calculates this change and generates a pulse signal. As a 
result, the water flow rate may be calculated. 

B. NodeMCU  

NodeMCU is a low-cost firmware that is used to connect 
components like sensors and output devices via the Internet 
of Things. A special scripting language known as Lua is used 
in prototyping the NodeMCU board. Currently, two versions 
of NodeMCU are available in the market. They are ESP-12 
and the ESP-12E. The nodeMCU board consists of twelve 
input-output ports. The nodeMCU module requires a 
minimum power supply of 2.5v and a maximum of 3.6V for 
proper operation. It consists of a RAM of 128 KB and flash 
memory of 4 MB. The ESP8266 is equipped with an 
802.11b/g/n HT40 Wi-Fi transceiver, which enables it to 
connect to a WiFi network and communicate with the 
Internet, as well as to build its network for other devices to 
connect.  

C. Arduino Uno 

Arduino Uno is again an open-source microcontroller 
board like NodeMCU. The Arduino board uses embedded C 
language for scripting the board. A microprocessor named 
Atmega328 is used in the Arduino board. One of the main 
advantages of the Arduino is that it has a reset button that is 
used to remove all the contents available in the flash 
memory. The Arduino Uno is one of the most cost-efficient 
microcontroller boards. The Arduino Uno board consists of 
fourteen digital I/O pins and it requires an operating voltage 
of 5V. It also consists of six analog input pins and flash 
memory of 32 KB. The ATmega328 supports UART TTL 
(5V) serial connection on digital pins 0 (RX) and 1 (TX) 
(TX). An ATmega16 on the board channels serial 
communication through USB, which displays to software on 
a personal computer as a virtual com port. 

D. LCD and I2C LCD adaptor 

A liquid-crystal display (LCD) is a flat-panel display or a 
customized visual gadget that manipulates light through 
liquid crystals and polarizers. LCDs were a big step ahead of 
the technology they superseded, such as light-emitting diode 
(LED) and gas-plasma displays. Liquid crystals need not 
generate light directly; instead, they depend on a backlight or 
reflector to produce color or monochrome images. LCD 
technology made it possible to make screens that were 
substantially thinner than those made with cathode ray tubes. 
A 20X4 LCD is used in this project. This LCD can display 
four lines with twenty characters in each line.  The I2C 
adapter is a device that is used to connect the LCD to the 
Arduino board. This type of adapter uses bus terminology to 
reduce the number of connections and wires involved when 
an Arduino board and an LCD are directly connected.  An 
I2C adaptor consists of four input pins and 20 output pins 
that are connected to the LCD. This adaptor requires a 5V 
power supply for operation.  
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E. Servo motor 

A servomotor is a rotary or linear actuator capable of 
precisely controlling velocity, acceleration, and angular or 
linear position. A servo motor is part of a closed-loop system 
that produces torque and velocity in response to commands 
from a servo controller using a feedback device. It is 
constructed from a suitable motor and a position feedback 
sensor. This even demands a sophisticated controller, which 
is often a separate module designed specifically for 
servomotors. The above-mentioned hardware components 
were used in the measurement and monitoring of the water 
flow for every individual house and also to control the flow 
of water when the pre-mentioned amount of water is 
exceeded. The flow sensor is used to measure the flow of 
water for every house. The LCD and the adaptor are used to 
display the amount of water used by every house. The servo 
motor is used to stop the flow of water and to open the valve 
when the fine was paid. The entire process is controlled 
using an Arduino Uno board and a nodeMCU firmware.  

IV. PROPOSED IDEA 

The main objective of this research is to monitor the 
water flow and to stop the water flow if the water level 
exceeds the predefined amount. To achieve this, initially, two 
houses were taken as a sample and the water usage of those 
two houses was monitored. According to an article by The 
Hindu published in February 2013, an average person living 
in a semi-urban or an urban society requires about 135 liters 
of water per day. These 135 liters include all the necessities 
like bathing, toilet flushing, cleaning of the house, clothes 
and utensils, internal consumption. Based on the above 
information, the software was designed in such a way that if 
the house contained a family of six members, then 900 liters 
of water is fixed as a predetermined value for each day. By 
this calculation, each person gets about 150 liters of water a 
day which is slightly higher than the average water 
requirement. The extra water is considered for the sake of 
any emergency cases. Hence, a family of six members gets 
27000 liters of water per month and the water flow is 
monitored based on the amount of water required for a 
month.  

This project is a combination of both hardware and 
software components. Hardware components include a flow 
sensor, a nodeMCU module, an Arduino Uno board, an 
LCD, an I2C LCD adaptor, and a servo motor. The working 
of the hardware components in this system is as follows. 
Initially, a flow sensor is connected to the pipe at the entry-
level of each house so that the water consumption is 
measured for individual houses. If the flow sensor is 
connected to the sump where the water is stored for the entire 
building, then it can only measure the amount of water used 
on the whole and not the ones used by the individual 
families. The flow sensor is connected to the Arduino board 
and the nodeMCU board for further analysis and control. The 
amount of water used is constantly monitored by the flow 
sensor and the amount of water used by every house is 
displayed using the LCD which is also connected to the 
Arduino board. If the water used by a particular house 
exceeds the value of 27000 liters within a month, a servo 
motor that is connected to the inlet pipe of the house blocks 
the water flow to the house. If the above scenario happens, 
the housemates are asked to pay a certain amount of money 
for every liter of water they use. For instance, if they need 
about 1000 liters of water for the rest of the month, they are 

asked to pay about 10000 rupees to 15000 rupees to reopen 
the inlet pipe using the servo motor. This brings us to the end 
of the working of the hardware components of the system. 
An application is also developed along with the hardware 
system. This application is used for both tasks. One of the 
tasks is to display the amount of water used by all houses in 
the community. To test and train this project, two houses are 
taken as test cases. The second task of the application is to 
monitor the water used and to trigger the servo motor to stop 
the flow of water if the water used by a particular house 
exceeds the standard water used by a house. The home page 
of the application is designed in such a way that it displays 
the number of houses in the community. The second part of 
the application contains the amount paid by all buildings in 
case of the limit is exceeds. The application also has a graph 
that displays the compared values of water used by every 
building. The values can also be shared via any other 
compatible application. 

V. RESULT AND DISCUSSION 

A hardware setup containing sensors like flow sensors, 
LCDs, and microcontroller boards such as Arduino Uno 
board, and nodeMCU is connected in such a way that it can 
measure the water used by every building. Along with the 
hardware setup, an application that is used to display the 
water used by all the houses in the community is also 
developed.  The amount of water to be issued as a standard 
water level is obtained from an article from The Hindu dated 
February 2013. The article states that an average human  

 
Fig. 1. Home page of the application 
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being requires about 135 liters of water per day. Thus, the 
standard water content of 150 liters is issued to every 
individual human being. If a house contains six persons, 
about 27000 liters of water is distributed to that house using 
the servo motor and the amount of water used by the house is 
displayed in the application.  Figure 1 shows the home page 
of the application before the hardware components and the 
water used is updated in the application.  

As mentioned in figure 1, the application consists of the 
water used by two buildings Building 1 and Building 2. The 
building pay denotes the fine amount paid by respective 
buildings if the water level exceeds the maximum of 27000 
liters. Figure 2 depicts the water used by both the buildings 
when no building exceeded the maximum limit and used 
water within the standard limit. Building 1 used about 7025 
liters of water while building 2 used 5880 liters of water. 
Both building 1 and building 2 stays within the standard limit 
of 27000 liters. It can also be noticed that the water usage 
graph compares the water used by both the buildings in a 
pictorial way. 

 
Fig. 2. The application when no building exceeded the standard limit. 

Figure 3 displays the application when only one building 
reaches the exact standard value of 27000 liters. In the 
figure, it can be seen that building 1 reached the maximum 
limit of 27000 liters. After this point, no water will be 
supplied to building 1 unless no fine amount per liter they 
require is paid. 

 
Fig. 3. The application when Building 1 reached the maximum value. 

 
Fig. 4. Application when building 1 paid for excess water 
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Figure 4 represents the application when some fine 
amount is paid by the inmates if building 1 and some extra 
water is requested. As we can see, building 1 paid a hundred 
rupees and got about 3000 liters of water. Though a hundred 
rupees were not the actual amount to be paid, it just depicts 
the way that a fine amount must be paid before getting extra 
water which is higher than the standard water amount.  

VI. CONCLUSION 

Though this project cannot completely reduce the over 
usage of water usage, the over usage of water in a particular 
community of houses or an apartment with many numbers’ 
families. By implementing a way that asks for an extra price 
for every single liter of water they use, people tend to be 
more careful while using water. This minor change in the 
communal buildings can save lots and lots of water from 
being wasted and can also increase the need to harvest 
rainwater among the urban dwellers. A circuit made out of 
hardware components like sensors, controllers, and display 
units is designed in such a way that it can monitor the flow of 
the water from the sump to every individual house and also 
restrict the flow according to the signal sent by the 
application. An application that can display the amount of 
water used by all houses in the community is developed. 
This can also stop the flow of water to a particular house if 
the water usage exceeds the standard value. The main 
objective of the research is to reduce the over usage of water 
in communal buildings and apartments. This objective can be 
fulfilled if this system is implemented in large numbers.  
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