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Abstract: The Smart Eco Grid initiative aims to merge two vital intelligent systems—automated street 

lighting and rainwater collection for agricultural irrigation—to foster energy conservation, water 

preservation, and sustainable growth. The automated street lighting mechanism utilizes light-dependent 

resistors (LDRs) along with microcontrollers to sense surrounding light intensity, enabling the lights to 

activate at sunset and deactivate at sunrise. This approach reduces energy consumption, lowers 

electricity expenses, and ensures effective management of urban lighting without the need for manual 

control.  

By integrating these systems, the Smart Eco Grid not only improves urban infrastructure quality but also 

bolsters environmental sustainability. It decreases reliance on traditional electricity sources and 

groundwater, harnesses renewable resources, and contributes to the development of smart cities. This 

project exemplifies a model for future implementations of integrated intelligent systems that harmonize 

urban governance with ecological stewardship.. 

 

Keywords: Automated Street Lighting, Rainwater Collection, Intelligent Irrigation, Energy 

Conservation, Smart City 

 

I. INTRODUCTION 

In recent times, the rising interest in sustainable urban planning and practices has prompted the implementation of 

intelligent technologies aimed at conserving energy and natural resources. Automated street lighting systems are 

engineered to illuminate areas only when necessary, using sensors that monitor surrounding light conditions. This 

strategy minimizes energy use, reduces operational expenses, and improves public safety by guaranteeing that streets 

remain adequately lit after dark.  

Similarly, rainwater harvesting has proven to be a valuable technique for water conservation, complementing 

conventional irrigation methods. By capturing and storing rainwater, it can be effectively used for tree care, particularly 

in areas where road-side greenery suffers from limited water supply. 

The Smarteco Grid initiative merges these two approaches into a cohesive, integrated solution that tackles both energy 

and water conservation. This combined strategy not only supports environmental sustainability but also advances smart 

city efforts and establishes a framework for contemporary urban and rural infrastructure management. By utilizing 

automation and sensor-driven controls, the system guarantees efficiency, cost savings, and reliability in both lighting 

and irrigation systems. 

To avoid double voting, the system automatically changes the database once the vote is cast. 

This technique guarantees that each voter casts a single ballot, decreases election fraud, increases accuracy, and 

expedites vote counting. The Advanced Fingerprint Based Voting System offers a safe, effective, and dependable 

method of contemporary electronic voting by combining fingerprint sensors with microcontrollers and database 

management systems. 
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Objective 

First, The aims of the proposed system include: 

 To create an automated street lighting control system utilizing a light-dependent resistor (LDR) sensor. 

 To minimize energy waste. 

 To gather and store rainwater for conservation purposes. 

 To utilize the collected rainwater for plant cultivation. 

 To lessen the need for manual labor. 

 To design an environmentally friendly and sustainable system. 

 

II. LITERATURE REVIEW 

In many regions, the current street lighting setup relies on either manual operation or timer-based controls. In manual 

systems, an operator is responsible for turning the lights on at dusk and off at dawn. This process is entirely reliant on 

human action, which can lead to situations where the operator forgets to adjust the lights at the appropriate times. 

Consequently, street lights may remain off when illumination is necessary, compromising road safety, or they might 

stay on during daylight hours, resulting in superfluous energy consumption. 

Some areas have adopted timer-based systems that automate the ON and OFF times according to a predetermined 

schedule. However, this approach fails to account for variations in daylight due to seasons, such as longer daylight 

hours in summer and shorter during winter. As a result, these lights may activate prematurely or deactivate too late, 

further contributing to ineffective energy use. Moreover, these systems lack the capability to adjust based on real-time 

sunlight conditions. 

Moreover, the water management systems along roadways are also lacking in efficiency. During rainfall, water 

typically flows along the streets and is directed toward drainage systems without being captured or preserved for future 

use. This practice leads to considerable waste of rainwater. Concurrently, plants and trees situated by the roadside 

require hydration, which is often provided through external sources like water tankers. This reliance increases overall 

water usage, costs, and the depletion of resources. 

 

III. METHODOLOGY 

Combined Methodology: Smart Automation for Sustainable Infrastructure. 

The This study integrates automation techniques from smart street lighting and rainwater management systems using 

microcontrollers, sensors, and IoT technologies to enhance energy and water efficiency. 

System Architecture:  

A central controller (Arduino/NodeMCU) processes sensor data and controls actuators such as LEDs, pumps, and 

valves. LDR sensors regulate streetlight intensity, while rain, flow, and level sensors manage water collection and 

distribution. 

Sensor-Based Operation: 

LDR sensors detect ambient light for day/night operation, and IR/ultrasonic sensors detect movement to adjust lighting 

intensity dynamically. 

Control Logic:   

Rule-based automation enables streetlights to switch OFF during daytime, operate at DIM mode at night, and increase 

to HIGH intensity upon motion detection. The rainwater system automates water collection, storage, and distribution, 

with predictive optimization to prevent overflow and shortages. 

IoT Integration:   

IoT-enabled controllers provide real-time monitoring, remote control, and data analysis through cloud platforms, 

improving operational efficiency. 
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Site Planning and Design:   

A 1 km highway stretch was selected based on solar availability, drainage, and infrastructure. Road surfaces serve as 

rainwater catchment areas, supported by drainage channels, filtration units, and storage tanks designed using rainfall 

data. 

Energy Management:   

A hybrid power system uses solar energy as the primary source with grid electricity as backup, ensuring uninterrupted 

operation. 

Installation and Implementation:   

The system includes installation of streetlight poles, solar panels, sensors, drainage systems, filtration units, storage 

tanks, and irrigation pipelines. 

Performance Evaluation:   

The system was assessed for lighting automation, solar efficiency, backup reliability, and water management 

performance, showing effective and responsive operation. 

Maintenance Strategy:    

Routine maintenance includes cleaning solar panels, inspecting batteries, drainage systems, tanks, and electrical 

connections to ensure long-term efficiency. 

Sustainability Impact:    

The approach is cost-effective, reduces energy and water wastage, and promotes environmental sustainability and 

community involvement. 

 

Components Used in SmartEco Grid       System 

Sr. No. Component Name. QTY Specification Purpose 
1 Solar Panel 1 12V, 20W Generate electrical energy 
2 LDR Sensor 1 Light sensitive resistor Detect sunlight 
3 LED Street Light 12 12V LED Provide street lighting 
4 Battery 1 12V Rechargeable Store solar energy 
5 Water Storage Tank 1 20 Litres Store rainwater 

 

IV. ADVANTAGES 

Energy Saving: The system employs a light-dependent resistor (LDR) sensor to autonomously regulate street lighting 

according to the intensity of sunlight. This mechanism ensures that street lights do not function during daylight hours, 

effectively conserving electrical energy. 

Water Saving: This initiative captures rainwater from the surfaces of roads and stores it for later use. This practice 

diminishes water waste and promotes the effective use of natural water resources. 

Beneficial for Roadside Planting: The harvested rainwater is utilized for irrigating vegetation and trees situated on 

highway medians and along roadsides. This aids in the growth of plants and enhances the ecological conditions of the 

roadway infrastructure. 

Self-Operated Functionality: The system operates independently, eliminating the necessity for manual intervention. 

This feature lessens the required human effort and reduces the potential for errors caused by human actions. 

Environmentally Friendly Approach: By conserving energy and water, the system contributes to environmental 

preservation and encourages sustainable practices. 

Economical Solution: Utilizing straightforward and inexpensive components, such as an LDR sensor and a water 

collection system, makes this approach cost-effective and straightforward to deploy. 

 

V. FUTURE SCOPE 

1. Self-Regulating Irrigation System: A smart irrigation setup can be implemented to provide water to roadside 

vegetation as needed, effectively minimizing water waste and enhancing plant care. 
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2. Water Level Surveillance System: Sensors can be placed in the water storage tank to keep track of the water level. 

This will aid in effective management, helping to avoid situations of overflows or drought. 

3. IoT-Driven Monitoring and Management: Utilizing Internet of Things (IoT) technology allows for remote 

monitoring of streetlight functionality, solar energy production, and water reserves. This approach enhances system 

intelligence and simplifies management. 

4. Rainwater Purification System: A purification system can be installed to treat collected rainwater prior to its storage. 

This will enhance the quality of water, expanding its potential applications. 

5. Groundwater Recharge Initiative: Surplus rainwater can be channeled into recharge pits to elevate the groundwater 

levels, which is beneficial for civil and environmental engineering purposes. 

6. Automated Source Switching Mechanism: A sophisticated automatic controller can facilitate a seamless transition 

between solar energy and municipal electricity, ensuring consistent operation. 

7. Comprehensive Implementation: The system can be deployed along national highways, in smart cities, and urban 

roadways to enhance energy and water management on a broader scale. 

 

VI. LIMITATION 

1. Upfront Installation Expenses: 

Setting up the system necessitates an initial expenditure for  the installation of sensors, storage tanks, and pipelines. 

2. Maintenance Needs:   

Regular upkeep of the water storage tank and pipelines is   

essential to avoid issues like blockages, leaks, and contamination. 

3. Limitations of LDR Sensors:   

The LDR sensor functions solely based on light levels and does not register vehicle movement. Consequently, lights 

remain illuminated throughout the night, even in the absence of vehicles. 

Specifications of LDR Sensor 

Sr. No.    Parameter    Value 

1 Operating Voltage 3V–12V 

2 Resistance in Light Low 

3 Resistance in Dark High 

4 Function Light Detection 

 

VII. CONCLUSION 

The SmartEco Grid – A Unified Approach for Managing Water and Energy represents an innovative and sustainable 

method for contemporary roadway and highway systems. This initiative incorporates automated street lighting powered 

by an LDR sensor along with a system for managing rainwater to support urban greenery. 

In this setup, solar energy serves as the primary power source for the streetlights, significantly decreasing reliance on 

traditional electricity and encouraging the adoption of renewable energy sources. Additionally, a backup from the 

government electricity supply guarantees that streetlights remain operational even during periods of low sunlight, 

cloudy conditions, or if the solar system malfunctions. This enhances the system's reliability and performance. 

The rainwater management feature captures precipitation from road surfaces and channels it into a storage tank. This 

harvested water is then repurposed for irrigating roadside vegetation and trees, contributing to water conservation 

efforts and promoting environmental sustainability. 

From the perspective of civil engineering, this initiative is highly advantageous for road construction, stormwater 

management, and the development of sustainable infrastructure. It aids in energy savings, water conservation, and 

enhances the overall efficacy of roadway systems. 

In summary, the SmartEco Grid system offers a dependable, environmentally friendly, and economical solution for 

integrated management of water and energy resources. 
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The Advanced Fingerprint Based Voting System uses biometric authentication to increase election security, accuracy, 

and transparency. Voter impersonation, duplicate voting, and human counting errors are common problems with 

traditional voting techniques. The technique guarantees that every voter is individually identifiable and only permitted to 

cast one ballot by incorporating fingerprint recognition technology. This improves the voting process's dependability 

and drastically lowers electoral fraud. Additionally, automatic vote counting and quicker result announcement are made 

possible by the use of electronic recording. 

The system's advantages exceed its drawbacks, despite the fact that it needs adequate infrastructure, database security, 

and an initial investment. The solution boosts public confidence in elections through enhanced authentication 

procedures and safe data preservation. Future improvements like multi-biometric verification, cloud integration, and 

encryption can further strengthen and expand the system. All things considered, the Advanced Fingerprint Based 

Voting System is a cutting-edge and effective method of holding safe and fair elections. 
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