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Introduction:

Modern agriculture faces mounting challenges including water scarcity, soil
degradation, excessive chemical fertilizer use, and the growing demand for food due to rapid
urbanization. Traditional farming methods are increasingly inadequate to meet these
challenges in a sustainable and cost-effective manner. Aquaponics, a synergistic
combination of aquaculture (fish farming) and hydroponics (soil-less plant cultivation),
presents a promising alternative by creating a closed-loop ecosystem where fish waste
provides natural nutrients for plants, and plants in turn purify the water for fish.

Despite its potential, small-scale and urban farmers often lack access to affordable,
intelligent aquaponics systems that can be operated without deep technical expertise.
Manual monitoring of critical parameters such as pH, water temperature, water level, and
lighting is labour-intensive and prone to error, making automation a key requirement. The
integration of loT (Internet of Things) technologies and embedded systems like the ESP32
microcontroller enables real-time sensing, automated control, and remote monitoring,
significantly improving system efficiency and reliability.

The HydroHarvest-X project addresses these gaps by developing an eco-smart,
solar-powered aquaponics system tailored for precision agriculture. By leveraging
renewable solar energy, automated sensor-driven control, and a user-friendly interface, the
system aims to reduce manual intervention, eliminate chemical fertilizer dependency, and
promote sustainable food production. This solution is particularly relevant for small-scale
farmers and urban agricultural enthusiasts seeking low-cost, environmentally friendly
farming alternatives in the Indian context.

Objectives:

1. To Design and Develop a sustainable Aquaponics Farming System that integrates
aquaculture and hydroponics for efficient, eco-friendly, and cost-effective food
production.
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2. To design and develop an integrated aquaponics system that enables simultaneous
fish rearing and plant cultivation using a shared water source in a closed-loop
environment.

3. To promote sustainable and cost-effective farming by replacing chemical fertilizers
with fish waste nutrients and incorporating energy-efficient, renewable power sources
like solar energy.

4. To increase productivity and awareness by optimizing system performance and
providing a simple, low-cost, and user-friendly solution for small-scale and urban
farmers.

Methodology:

1. The proposed project aims to design and develop an smart aquaponics monitoring
and control system for sustainable farming. The system integrates multiple sensors
such as TDS sensor, temperature sensor, water level sensor, and floating sensor to
continuously monitor real-time water and tank conditions. These sensors are
interfaced with the ESP32 microcontroller, which acts as the central processing and
decision-making unit. The collected sensor data is compared with predefined
threshold values programmed in the controller. A 4x6 keypad is provided for user
input to set required limits and system parameters based on crop and fish
requirements. An RTC (Real Time Clock) module is integrated with the ESP32 to
enable accurate time-based scheduling for water circulation and lighting control.
Based on sensor readings and scheduled timing, the ESP32 sends control signals to
a 4-channel relay module. The relay module is used to switch two water pumps and
an LED light system automatically. The water pumps help in maintaining proper water
circulation and stable water level inside the aquaponics setup. The LED light is
controlled to support plant growth during low natural light conditions or at scheduled
intervals. A display unit is connected to show real-time sensor values, system status,
and pump/light ON-OFF conditions. The entire system is powered using a battery
source, and a voltage regulator ensures stable power supply to the ESP32 and
connected modules. The system is designed to reduce manual intervention and
improve farming efficiency through automation. Testing is carried out under different
water conditions to validate sensor accuracy and relay control performance.

2. The key innovation of this project is the integration of multi-sensor monitoring with
automated pump and lighting control using ESP32 and RTC scheduling. It provides
a low-cost, compact, and user-friendly aquaponics automation solution suitable for
small-scale farmers and indoor farming applications. The use of keypad-based
manual threshold setting makes the system flexible for different plant and fish
requirements without needing complex software changes.

3. The developed system will continuously monitor water quality and environmental
parameters and maintain stable operating conditions automatically. It will ensure
better water management, proper circulation, and controlled lighting, resulting in
improved plant growth and fish health. The system minimizes human effort, reduces
water wastage, and supports sustainable agriculture practices. Overall, the project
provides an efficient and economical smart aquaponics solution that can be further
expanded for loT-based remote monitoring in future.
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Figure 1: Block Diagram of Aquaponics Monitoring and Control System

Result and Conclusion:

1.

4.

The HydroHarvest-X system was successfully designed and implemented,
demonstrating the effective integration of aquaculture and hydroponics in a closed-
loop sustainable farming model. The system maintained stable water quality
parameters such as pH, temperature, and water level through continuous sensor-
based monitoring, ensuring optimal conditions for both fish and plant growth.

The results indicated healthy plant growth with improved yield due to the continuous
availability of nutrient-rich water derived from fish waste. Simultaneously, the fish
exhibited normal growth patterns, confirming the efficiency of the symbiotic
ecosystem. The system significantly reduced water consumption by recycling water,
making it highly suitable for water-scarce regions.

One of the major outcomes of the project is the elimination of chemical fertilizers, as
nutrients are naturally generated within the system, making it environmentally friendly
and cost-effective. The incorporation of automation minimized manual intervention
and improved operational efficiency, highlighting the role of precision agriculture.
The project outcomes also include successful real-time monitoring, better resource
utilization, and the development of a scalable model that can be adapted for small-
scale as well as commercial farming. The system proved to be space-efficient,
making it ideal for urban farming applications.

49" Series Student Project Programme (SPP): 2025-26 3



5. From an industry perspective, HydroHarvest-X has strong relevance in smart
agriculture, Agri-tech startups, and sustainable farming industries. It aligns with
modern trends such as loT-based farming, vertical farming, and climate-resilient
agriculture.

6. In conclusion, HydroHarvest-X provides a sustainable, innovative, and industry-
relevant solution for future agriculture, contributing to food security, efficient resource
management, and environmentally responsible farming practices.
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Future Scope:

e HydroHarvest-X has strong potential for future expansion as a scalable smart
agriculture solution. Since the system already supports cloud integration and a web-
based dashboard, further development can focus on improving real-time analytics,
data visualization, and remote decision-making.

e In future, Al and ML algorithms can be integrated to predict crop growth, detect
diseases early, and optimize feeding and nutrient cycles automatically, thereby
reducing manual intervention. The system can also be enhanced by adding advanced
sensors such as dissolved oxygen, ammonia, and humidity sensors to improve
monitoring accuracy and reliability.

e Renewable energy integration, especially solar power, can make the system suitable
for rural and off-grid applications. Additionally, the model can be scaled for
commercial aquaponics, greenhouse farming, and vertical farming to maximize
productivity in limited spaces.

e HydroHarvest-X is highly relevant to agri-tech industries, urban farming startups, and
smart farming initiatives, and it has the potential to evolve into a fully autonomous
cloud-driven farming system supporting sustainable food production, water
conservation, and improved food security.
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